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'LVFODLPHU

7KLY UHSRUW KDV EHHQ SUHSDUHG RQ EHKDOI RI DQG IRU WKH H[FOXVLYH XVH R
LV VXEMHFW WR DQG LVVXHG LQ DFFRUGDQFH ZLWK WKH DJUHHPHQW EHWZHHQ )
:RUOH\ 6HUYLFHV 3W\ /WG :RUOH\ 6HUYLFHV 3W\ /WG DFFHSWV QR OLDELOLW\ RL
UHVSHFW RI DQ\ XVH RI RU UHOLDQFH XSRQ WKLV UHSRUW E\ DQ\ WKLUG SDUW\

SHUPLVVLRQ RI )RUWHVFXH )XWXUH ,QGXVWULHV RU :RUOH\ 6HUYLFHV 3W\ /WG L

7KH LQIRUPDWLRQ FRQWDLQHG LQ WKHVH GRFXPHQWYV LV SURWHFWHG E\ WKH *O
**35 :RUOH\ FRPSOLHV ZLWK WKH SURYLVLRQV RI WKH 5HIXODWLRQ DQG WKH L
FRQGLWLRQ WKDW WKH 5HFLSLHQW DOVR FRPSOLHYV ZLWK WKH SURYLVLRQV RI W
UHVXPHYVY DQG WKH LQIRUPDWLRQ FRQWDLQHG WKHUHLQ PXVW EH NHSW VHFXUH
SXUSRVHV RI DVVHVVLQJ WKH VXLWDELOLW\ RI WKH LQGLYLGXDOV WR SHUIRUP V
WKH RYHUDOO FDSDELOLWLHV RI :RUOH\ WR XQGHUWDNH WKH :RUN SURSRVHG D
FRPSOHWLRQ RI WKRVH SXUSRVHV

'"HWDLOV RQ KRZ SHUVRQDO LQIRUPDWLRQ SURYLGHG WR :RUOH\ LV SURFHVVHG |
KWWSV ZzZzZZ ZRUOH\ FRP VLWH VHUYLFHV SULYDF\

352-(&7 +<' 5(3 (3*+ WR WKH ,URQ %ULGJH 7UDQVPLVVLRQ
373 6WDJH %DVHOLQH +\GURORJ\ DQG ,PSDFW $VVHVVPHQW
5HY 'HVFULSWLRQ 2ULJLQDWRU %@g&(ﬁ%% FDHV\\;EVLRgégL\jVRRYPHHUU $SSURYDO 'DWH
5HY ,VVXHG IRU m Tausooy ﬂ $XIXVW
0 +H\WLQJ 3 &ULFKWRQ 0 +H\WLQJ
/IHYHO 6W *HRUJHV 7THUUDFH
3HUWK :$

$XVWUDOLD

7
:RUOH\ 6HUYLFHV 3W\ /WG
$%1

<« &RS\ULJKW :RUOH\ $&1 1R SDUW RI WKLV GRFXPHQW RU WKH LQIRUPDWLRQ LW FRQWDLQV P

LQ DQ\ IRUP RU E\ DQ\ PHDQV HOHFWURQLF RU PHFKDQLFDO LQFOXGLQJ SKRWRFRS\LQJ UHFRUGLQJ RU
VI\VWHP ZLWKRXW SHUPLVVLRQ LQ ZULWLQJ IURP :RUOH\

ZRUOH\ FRP
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TDEOH RI FRQWHQWYV

(I[HFXWLYH 6XPPDU\
$FURQ\PV DQG DEEUHYLDWLRQV

,QWURGXFWLRQ
%DFNJURXQG
6LWH 2YHUYLHZ
6FRSH RI :RUN

,QIRUPDWLRQ DQG GDWD
JRUWHVFXH (QHUJ\ SURYLGHG LQIRUPDWLRQ
3XEOLFO\ DYDLODEOH GDWD

:DWHUZD\ FURVVLQJV RI LQWHUHVW

&DWFKPHQW FKDUDFWHULVDWLRQ
&DWFKPHQW FKDUDFWHULVWLFV
&OLPDWH
&DWFKPHQW VRLOV

5HJLRQDO UDLQIDOO UXQRII FKDUDFWHULVDWLRQ

%DFNJURXQG

JORRG JUHTXHQF\ $QDO\VLV
+LVWRULF VWUHDPIORZ GDWD
BWUHDPIORZ GDWD UHYLHZ
))$ UHVXOWYV

5HJLRQDO UDLQIDOO UXQRII PRGHOOLQJ
ORGHO LQSXWV DQG SDUDPHWHUV
5HVXOWV GLVFXVVLRQ

'"HVLJQ HYHQW K\GURORJ\

ORGHO LQSXW DQG SDUDPHWHU XSGDWHYV
$UHDO UHGXFWLRQ IDFWRUV
5RXWLQJ SDUDPHWHUYV

6LPXODWLRQ DSSURDFK

"HVLJQ HYHQWV
&RRQJDQ 5LYHU + 373 6WDJH &URVVLQJ
&RRQJDQ 5LYHU = $OWHUQDWLYH $OLJQPHQW &URVVLQJ
*OHQ +HUULQJ &UHHN % 373 6WDJH &URVVLQJ
*OHQ +HUULQJ &UHHN * 373 6WDJH $OWHUQDWLYH &URVVLQJV
&DPHO &UHHN * 373 6WDJH &URVVLQJ
6KDZ 5LYHU + 'HVLJQ +\GURJUDSKYV

+\GUDXOLF DQDO\VLV
*HQHUDO DSSURDFK
ORGHO GRPDLQV DQG ERXQGDU\ FRQGLWLRQV
"HVLJQ HYHQWV
ORGHO SDUDPHWHULVDWLRQ
YORRGSODLQ URXJKQHVYV
6HQVLWLYLW\ DQDO\VLV
&OLPDWH FKDQJH
+\GUDXOLF URXJKQHVV

3LOEDUD 'HFDUERQLVDWLRQ 6WXG\ 373 6WDJH %DVHOLQH +\GURORJINIDQG ,PS
$VVHVVPHQW 5HY GRF][
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5HVXOWV DQG GLVFXVVLRQ
+\GUDXOLFV VXPPDU\
&RRQJDQ 5LYHU
&DPHO &UHHN
*OHQ +HUULQJ &URVVLQJ
$OWHUQDWLYH $OLJQPHQW DQG
6KDZ 5LYHU &URVVLQJ
$FFXUDF\ /LPLWDWLRQV
6HQVLWLYLW\ $QDO\VLYV
&OLPDWH &KDQJH $VVHVVPHQW
+\GUDXOLF URXJKQHVV

A4XDOLWDWLYH LPSDFW DVVHVVPHQW
&RQFOXVLRQ

SHFRPPHQGDWLRQV

SHIHUHQFHV

$SSHQGLFHV

$SSHQGL[ $ ,)' IRU 525% &DWFKPHQWYV
,)' IRU &RRQJDQ DQG 6KDZ FDWFKPHQWYV

$SSHQGL[ % 3HDN IORZ HVYWLPDWH FRPSDULVRQV
&RPSDULVRQ RI GHVLJQ IORZV WR UHJLRQDO HVWLPDWHYV

$SSHQGL[ & )ORRG ORGHOOLQJ 5HVXOWYV
JORRG 'HSWK DQG 9HORFLW\ 0DSV IRU DQG $(3

$SSHQGL[' 7UDQVPLVVLRQ OLQH GUDZLQJV
*HQHUDO DUUDQJHPHQW IRU WUDQVPLVVLRQ OLQH VWUXFWXUHV

ILVW RI WDEOHYV

7TDEOH JRUWHVFXH (QHUJ\ SURYLGHG LQIRUPDWLRQ

7TDEOH :DWHUZD\ FURVVLQJVY RI LQWHUHVW

7TDEOH &DWFKPHQW "HWDLOV RI ZDWHUFRXUVH FURVVLQJV

7TDEOH *DXJHG FDWFKPHQW FKDUDFWHULVWLFYV

7TDEOH ))$ UHVXOWYV IRU WKH ODUEOH %DU DQG 1RUWK 3ROH OLQH *DXJHV
7TDEOH $UHD DGRSWHG IRU $5) FDOFXODWLRQ DSSOLHG IRU HDFK PRGHO
7TDEOH ¢DQG & YDOXHV DGRSWHG IRU 525% PRGHOOLQJ

7TDEOH 'HVLIJQ VWRUPYV DVVHVVHG LQ WKH 525% PRGHOV

7TDEOH &RPSDULVRQ RI IORZV IRU WKH &RRQJDQ 5LYHU PRGHO DW WKH 373 6W
7TDEOH &RPSDULVRQ RI IORZV IRU WKH &RRQJDQ 5LYHU PRGHO DW WKH DOWH
7TDEOH &RPSDULVRQ RI IORZV IRU WKH *OHQ +HUULQJ &UHHN FURVVLQJ
7TDEOH &RPSDULVRQ RI IORZV IRU WKH *OHQ +HUULQJ &UHHN FURVVLQJ
7TDEOH &RPSDULVRQ RI IORZV IRU WKH &DPHO &UHHN FURVVLQJ

7TDEOH &RPSDULVRQ RI IORZV IRU WKH 6KDZ 5LYHU PRGHO

7TDEOH JORRG PRGHOOLQJ FRPSOHWHG IRU WKH SURMHFW

3LOEDUD 'HFDUERQLVDWLRQ 6WXG\ 373 6WDJH %DVHOLQH +\GURORJMDQG ,P¢

$VVHVVPHQW 5HY GRF][
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7TDEOH $GRSWHG 78)/2: PRGHO SDUDPHWHUV
7TDEOH B3URSRVHG GHVLJQ UDLQIDOO IDFWRUV IRU FOLPDWH FKDQJH DVVHVVP
7TDEOH BURSRVHG IORRGSODLQ URXJKQHVY VHQVLWLYLW\ DQDO\VLY YDOXHV
7TDEOH B3URSRVHG SDGV ORFDWHG ZLWKLQ WKH $(3 IORRG H[WHQW
7TDEOH JORRG PRGHOOLQJ UHVXOWYV DW 373 3DG ORFDWLRQV DW WKH &RRQJ
7TDEOH JORRG PRGHOOLQJ UHVXOWYVY DW 373 $OWHUQDWLYH DOLJQPHQW SDG
7TDEOH JORRG PRGHOOLQJ UHVXOWYV DW 373 3DG ORFDWLRQV DW WKH &DPHO
7TDEOH JORRG PRGHOOLQJ UHVXOWYV DW 373 3DG ORFDWLRQV DW *OHQ +HUUI
7TDEOH JORRG PRGHOOLQJ UHVXOWYV DW 373 3DG ORFDWLRQV DFURVV WKH 61
7TDEOH 5HVXOWYV RI WKH VHQVLWLYLW\ DQDO\VLV FRPSOHWHG IRU WKH FOLPD
7TDEOH 5HVXOWYV RI VHQVLWLYLW\ DQDO\VLV FRPSOHWHG IRU K\GUDXOLF URX.
7TDEOH &RPSDULVRQ RI IORRG H[WHQW DQG VWUXFWXUH LPSHGHG

I[LVW RI ILIXUHYV

YLIXUH 3URMHFW 2YHUYLHZ

YLIXUH :DWHUZD\ FURVVLQJV RI LQWHUHVW

YLIXUH &DWFKPHQWYVY RI LQWHUHVW

YLIXUH &OLPDWH 'DWD

YLIXUH 6KDZ 5LYHU DW WKH 1RUWK 3ROH OLQH VWUHDPIORZ JDXJH

YLIXUH 6RLO /DQGVFDSH 0DSSLQJ

YLIXUH ))$ *DXJH /RFDWLRQV &RQWULEXWLQJ &DWFKPHQWYV

YLIXUH ODUEOH %DU JDXJH VLWH DQQXDO PD[LPD

YLIXUH 1RUWK 3ROH OLQH JDXJH VLWH DQQXDO PD[LPD

YLIXUH &RPSDULVRQ RI WKH 78)/2: DQG ':(5 UDWLQJ FXUYHV DW WKH 1RUWK 3|
YLIXUH +LVWRULFDO JDXJLQJV DQG UDWLQJ FXUYHV IRU WKH 1RUWK 3ROH 0L
YLIXUH 5DWLQJ FXUYH DW ODUEOH %DU IRU IORZV OHVV WKDQ Pi V VRXUF
YLIXUH 5DWLQJ FXUYH IRU IORZV XS WR PiV VRXUFH %RO

YLIXUH *DXJLQJ VWDWLRQ ORFDWLRQ IRU WKH ODUEOH %DU JDXJH VRXUFH 9%
YLIXUH ))$ IRU WKH &RRQJDQ 5LYHU DW ODUEOH %DU

YLIXUH ))$ FRPSOHWHG IRU WKH 6KDZ 5LYHU DW 1RUWK 3ROH OLQH

YLIXUH 525% PRGHO VHWXS IRU WKH &RRQJDQ DQG 6KDZ 5LYHV

YLIXUH ORQWH &DUOR DSSURDFK FRQFHSWXDO PRGHO %DOO HW DO

YLIXUH &RPSDULVRQ RI ))$ DQG 525% IRU WKH &RRQJDQ 5LYHU PRGHO

YLIXUH &RPSDULVRQ RI ))$ DQG 525% IRU WKH 6KDZ 5LYHU PRGHO

YLIXUH /JRFDOLVHG 525% PRGHOV IRU FDWFKPHQWY RI LQWHUHVW

YLIXUH (QVHPEOH DSSURDFK FRQFHSWXDO PRGHO %DOO HW DO

YLIXUH ,QIORZ K\GURJUDSKV IRU &RRQJDQ 5LYHU IRU WKH &RRQJDQ 5LYHU 37
YLIXUH ,QIORZ K\GURJUDSKV IRU &DPHO &UHHN IRU WKH &RRQJDQ 5LYHU 373
YLIXUH ,QIORZ K\GURJUDSKV IRU &RRQJDQ ULYHU DW WKH DOWHUQDWLYH DOL
YLIXUH ,QIORZ K\GURJUDSKV IRU *OHQ +HUULQJ &URVVLQJ DQDO\VLV

YLIXUH ,QIORZ K\GURJUDSKV IRU *OHQ +HUULQJ &URVVLQJ DQDO\VLV

YLIXUH ,QIORZ K\GURJUDSKV IRU &DPHO &UHHN FURVVLQJ

YLIXUH ,QIORZ K\GURJUDSKV IRU WKH 6KDZ 5LYHU ORGHO

YLIXUH 78)/2: ORGHO &RQILIJXUDWLRQ

YLIXUH 0DQQLQJYV Q URXJKQHVV GHOLQHDWLRQ IRU PRGHO GRPDLQV
YLIXUH 7UDQVPLVVLRQ VWUXFWXUH SDGV ORFDWHG ZLWKLQ WKH SRWHQWLDC
3LOEDUD 'HFDUERQLVDWLRQ 6WXG\ 373 6WDJH %DVHOLQH +\GURORJADQG ,PS

$VVHVVPHQW 5HY GRF][
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JLIXUH $(3 UHVXOWYV DW &RRQJDQ 5LYHU RQ WKH 373 DOLJQPHQW
JLIXUH $(3 UHVXOWYV DW &RRQJDQ 5LYHU RQ WKH 373 DOWHUQDWLYH DOLJ
JLIXUH $(3 UHVXOWV DW &DPHO &UHHN RQ WKH 373 DOLJQPHQW
JLIXUH $(3 UHVXOWV DW *OHQ +HUULQJ &UHHN RQ WKH 373 DOLIJQPHQW
JLIXUH $(3 UHVXOWYV DW *OHQ +HUULQJ &UHHN &URVVLQJ RQ WKH 373 DOW
JLIXUH $(3 UHVXOWY DW 6KDZ 5LYHU RQ WKH 373 $OLJQPHQW
JLIXUH SRWHQWLDO PRGLILFDWLRQV IRU 3DG DQG DW *OHQ +HUULQJ &U
JLIXUH SRWHQWLDO UHORFDWLRQ RI 3DG DQG 3DG ZLWKLQ WKH 6KDZ 5LY
JLIXUH SRWHQWLDO PRGLILFDWLRQV IRU 3DG DQG DW &RRQJDQ 5LYHU ¢
JLIXUH SRWHQWLDO PRGLILFDWLRQV IRU 3DG DQG DW &DPHO &UHHN &U
JLIXUH SRWHQWLDO PRGLILFDWLRQV IRU 3DG DQG DW WKH DOWHUQDWF
JLIXUH SRWHQWLDO ORFDWLRQV IRU SDGV RQ WKH DOWHUQDWLYH DOLJQPHC
B3LOEDUD 'HFDUERQLVDWLRQ 6WXG\ 373 6WDJH %DVHOLQH +\GURORJAIDQG ,P¢

$VVHVVPHQW 5HY GRF][
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([HFXWLYH 6XPPDU\

JRUWHVFXH (QHUJ\ LV OHDGLQJ )RUWHVFXHYVY GHFDUERQLVDWLRQ DQG U
GHYHORSLQJ D SRUWIROLR RI SURMHFWYV FHQWUHG RQ WKH SURGXFWLRC
YDOXH DGGLQJ JUHHQ H[SRUW SURGXFWV SULPDULO\ K\GURJHQ DQG DPF

JRUWHVFXH OHWDOV LV VHHNLQJ WR DFKLHYH GHFDUERQLVDWLRQ RI
DFKLHYLQJ WKLY 3LOEDUD (QHUJ\ &RQQHFW 3(& D ZKROO\ RZQHG VXE\
EHHQ ZRUNLQJ RQ D VHULHV RI SRZHU WUDQVPLVVLRQ SURMHFWY DLPHC
RSHUDWLRQDO HQHUJ\ GHPDQGYV

2Q0H RI WKH JHQHUDWLRQ VLWHV LGHQWLILHG LV WKH (DVW 3LOEDUD *HQ
ZHUH GHWHUPLQHG EDVHG RQ VHYHUDO IDFWRUV LQFOXGLQJ H[LVWLQJ
SDWKzD\V ZLQG UHVRXUFH DQG DFFHVVLEOH ODQG 3LOEDUD 7UDQVPLV
WKH NP NY GRXEOH FLUFXLW RYHUKHDG WUDQVPLVVLRQ OLQH WKD!
,ZURQ %ULGJH PDIJQHWLWH PLQLQJ VLWH 7KH WUDQVPLVVLRQ FRUULGRU
FURVVLQJ D IHZ ZDWHUFRXUVHVY 7KH WUDQVPLVVLRQ OLQH VWUXFWXUH
D VWDQGDUG P XS WR P PD[LPXP VHSDUDWLRQ EHWZHHQ WRZHUYV

7KLV UHSRUW SUHVHQWYV WKH EDVHOLQH K\GURORJ\ VWXG\ DQG WKH TXD
FROQGXFWHG IRU WKH 373 6WDJH FRUULGRU WR VXSSRUW UHJXODWRU\ LC
SODFHPHQW RI VWUXFWXUH V\VWHPVY 7KH UHSRUW DVVHVVHG WKH VL[ ZI
7KHVH FURVVLQJY ZHUH LGHQWLILHG XSRQ UHYLHZ RI WKH WUDQVPLVVLF
FRXUVHV RU FURVVLQJY WKDW ZHUH OLNHO\ WR KDYH D IORRG H[WHQW J
DQG UHTXLUH JXLGDQFH IRU SODFLQJ WUDQVPLVVLRQ OLQH VWUXFWXUH

JRU WKH EDVHOLQH K\GURORJ\ VWXG\ UHJLRQDO IORRG HVWLPDWHYV ZHU
NH\ ZDWHUZD\ FURVVLQJY 7KLV LQFOXGHG UHJLRQDO IORRG HVWLPDWLF
XQGHUWDNLQJ IORRG IUHTXHQF\ DQDO\WVHY DW JDXJLQJ VWDWLRQV RQ W
+\GURORJLFDO PRGHOOLQJ ZDV FRPSOHWHG XVLQJ WKH PRGHOOLQJ VRIV
HPSLULFDO ORVVHV IRU WKH FDWFKPHQWY DQG WR JHQHUDWH K\GURJUD
PRGHOV

+\GUDXOLF PRGHOOLQJ ZzDV FRPSOHWHG XVLQJ WKH VRIWZDUH 78)/2: $ L
UDQJLQJ IURP WKH WR WKH LQ $(3 HYHQW ZHUH DVVHVVHG 7KH
$(3 HYHQW DUH SUHVHQWHG LQ WKLV UHSRUW ZLWK RWKHU HYHQWYV SUF
VXSSOHPHQWDU\ WR WKH UHSRUW $ VHQVLWLYLW\ DQDO\VLYVY ZDV FRPSO
WKH SRWHQWLDO HIIHFWYV WKDW FOLPDWH FKDQJH VFHQDULRYV RU FKDQJ
UHVXOWYV

$ TXDOLWDWLYH LPSDFW DVVHVVPHQW ZDV XQGHUWDNHQ WR UHYLHZ WK
DOLIQPHQW 7KH LPSDFW DVVHVVPHQW FRQVLGHUHG WKH SRWHQWLDO L
VWUXFWXUHYV ZKLFK DUH PLQ GLDPHWHU RQ IORRG EHKDYLRXU 7KF
VWUXFWXUHYV DUH H[SHFWHG WR EH PLQRU ZLWK WKH UHGXFWLRQ LQ IOF

3LOEDUD 'HFDUERQL 373 6WD %DVH
+\GURORJ\ DQG ,PSDFW $VVHVVPHQW 5HY GRF]
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WRWDO DYDLODEOH ZDWHUZD\ DUHD DQG IORRGSODLQ ZLGWK 7KH IROOF
DVVHVVPHQW

¥ OLQRU LQFUHDVHV LQ IORG OMHRY WEWY ORFDWLRQ RI WUDQVPLVVLRQ VYV
WKH $(3 IORRGSODLQ WKHUH LV WKH SRWHQWLDO IRU IORRG OHYHO
VWUXFWXUHYVY 7KH LQFUHDVHV DUH H[SHFWHG WR EH ORFDOLVHG DQG
IORRGSODLQ LQFUHDVLQJ

¥ 6FRXU SRWHOWKBCOFXUUHQW ORFDWLRQV RI VWUXFWXUHV LQ JHQHUDO
UHORFDWHG WR DYRLG WKH KLIJIKHU VFRXU SRWHQWLDO ORFDWLRQV
VFRXU SRWHQWLDO VLWHY FDQQRW EH DYRLGHG VFRXU SURWHFWLRQ
SRWHQWLDO LPSDFW RI VFRXU RQ WKH VWUXFWXUHY WKHPVHOYHV DQ

f $OWHUDWLRQV WR IOMRKH IOMWKROXVLRQ RI WUDQVPLVVLRQ OLQH VWUXFW
WR DOWHU WKH QDWXUDO IORZ RI ZDWHU SRWHQWLDOO\ OHDGLQJ WR
QHZ DUHDV ,Q JHQHUDO WKH VWUXFWXUHY DUH ORFDWHG RXWVLGH R
LPSDFW UHJXODU IORZV 7KH ORFDWLRQ RI 3DG ZLWKLQ *OHQ +HUUI
WKH &RRQJDQ 5LYHU LQWHUVHFW WKH ORZ IORZ FKDQQHOV DQG KDYH
RQ IORZ EHKDYLRU LQ DOO HYHQWYV

¥ 9HJHWDWLRQ ,PSRAWOHDULQJ RI YHIHWDWLRQ UHTXLUHG IRU WKH FR
WUDQVPLVVLRQ OLQH PD\ KDYH DQ LPSDFW DW DQG DURXQG WKH SDG
UHSUHVHQW D VPDOO SRUWLRQ RI WKH FUHHN DQG DUH QRW GHQVHO\
WKH H[SHFWHG YHIJHWDWLRQ LPSDFW ZLOO EH WHPSRUDU\ DQG DQ\ P
H[SHFWHG WR EH UHVWRUHG ZLWKLQ D VKRUW SHULRG

¥ :DWHU 4XDOVYWHUH LV QRW H[SHFWHG WR EH VLJQLILFDQW LPSDFW RQ
FROQVWUXFWLRQ RI WUDQVPLVVLRQ OLQH VWUXFWXUHYV ,QFUHDVHG VH
UHVXOW RI FRQVWUXFWLRQ DFWLYLWLHV EXW LQ WKH FRQWH[W RI QD
WKLV LPSDFW LV H[SHFWHG WR EH QHDU LQWDQJLEOH DQG FRXOG EH |
VWDQGDUG FRQVWUXFWLRQ SKDVH HURVLRQ DQG VHGLPHQW FRQWURC

3LOEDUD 'HFDUERQLVDWLRQ 6WXG\ 373 6WDJH %DVHOLQH
+\GURORJ\ DQG ,PSDFW $VVHVVPHQW 5HY GRF]
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$FURQ\PV DQG DEEUHYLDWLRQV
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$QQXDO ([FHHGDQFH 3UREDELOLW\

$HULDO 5HGXFWLRQ )DFWRUV

$XVWUDOLDQ 5DLQIDOO DQG 5XQRII

%XUHDX Rl OHWHRURORJ\

&RQWLQXLQJ /RVV
'LJILWDO (OHYDWLRQ ORGHO

'"HSDUWPHQW RI OLQHV ,QGXVWU\ 5HIJXODWLRQ DQG 6DIHW\
'"HSDUWPHQW RI 3ULPDU\ ,QGXVWULHY DQG 5HJLRQDO 'HYHORSPHQW
'"HSDUWPHQW RI :DWHU DQG (QYLURQPHQWDO 5HIJXODWLRQ
(DVW 3LOEDUD *HQHUDWLRQ +XE

YORRG JUHTXHQF\ $QDO\VLV

JRUWHVFXH )XWXUH ,QGXVWULHV
*HRFHQWULF 'DWXP RI $XVWUDOLD

*HQHUDOL]HG ([WUHPH 9DOXH

*HRJUDSKLF ,QIRUPDWLRQ 6\WWHP

*HRORJLFDO 6XUYH\ Rl :HVWHUQ $XVWUDOLD

':DWHU /HYHO +HDG YHUVXV )ORZ 78)/2: %RXQGDU\ &RQGLWLRQ
,QWHQVLW\ JUHTXHQF\ 'XUDWLRQ

,QLWLDO /RVV

%XUVW ,QLWLDO /RVV

BWRUP ,QLWLDO /RVV

,QWHUJRYHUQPHQWDO 3DQHO RQ &OLPDWH &KDQJH
5RXWLQJ /DJ 3DUDPHWHU

/LJKW '"HWHFWLRQ DQG 5DQJLQJ

/RJ 3HDUVRQ ,,,

0DS *ULG RI $XVWUDOLD

OXOWLVSHFWUDO ,PDJHU

3LOEDUD (QHUJ\ &RQQHFW

3RWHQWLDOO\ ,QIOXHQWLDO /RZ )ORZV

3UH )HDVLELOLW\ VWXG\

3LOEDUD 7UDQVPLVVLRQ 3URMHFW

5HSUHVHQWDWLYH &RQFHQWUDWLRQ 3DWKZD\V

5HIJLRQDO )ORRG JUHTXHQF\ (VWLPDWLRQ

5HJLRQDO )ORRG JUHTXHQF\ 3URFHGXUH

5XQRIlI 5RXWLQJ %XUURXJKYV UDLQIDOO UXQRIlI KN\GURORJLF PRGHO
6XE *ULG 6DPSOLQJ

7HPSRUDO 3DWWHUQ

B3LOEDUD 'HFDUERQLVDWLRQ 6WXG\ 373 6WDJH %DVHOLQH
+\GURORJ\ DQG ,PSDFW $VVHVVPHQW 5HY GRF][
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,LQWURGXFWLRQ

JRUWHVFXH (QHUJ\ LV OHDGLQJ )RUWHVFXHYVY GHFDUERQLVDWLRQ DQG U
GHYHORSLQJ D SRUWIROLR RI SURMHFWYV FHQWUHG RQ WKH SURGXFWLRC
YDOXH DGGLQJ JUHHQ H[SRUW SURGXFWV SULPDULO\ K\GURJHQ DQG DPF

JRUWHVFXH OHWDOV LV VHHNLQJ WR DFKLHYH GHFDUERQLVDWLRQ RI
DFKLHYLQJ WKLY 3LOEDUD (QHUJ\ &RQQHFW 3(& D ZKROO\ RZQHG VXE\
EHHQ ZRUNLQJ RQ D VHULHV RI SRZHU WUDQVPLVVLRQ SURMHFWY DLPHC
RSHUDWLRQDO HQHUJ\ GHPDQGYV

7KH KXE VLWHVY ZHUH GHWHUPLQHG EDVHG RQ VHYHUDO IDFWRUV LQFO X
HQYLURQPHQWDO DSSURYDOV SDWKZD\V ZLQG UHVRXUFH DQG DFFHVVLE
VLWHVY LGHQWLILHG LV WKH (DVW 3LOEDUD *HQHUDWLRQ +XE (3*+ )LJXLU
&RQVXOWLQJ KDYH SUHYLRXVO\ FRPSOHWHG D EDVHOLQH K\GURORJ\ VW
(3*+ %DVHOLQH +\GURORJ\ 6WXG\3*+ +<' 5(3 $GYLVLDQ

3LOEDUD 7UDQVPLVVLRQ 3URMHFW 373 6WDJH LV WKH NP NY GRX
WUDQVPLVVLRQ OLQH WKDW FRQQHFWYV WKH (3*+ WR WKH ,URQ %ULGJH P
WUDQVPLVVLRQ FRUULGRU IROORZV DQ HDVW ZHVW DOLJQPHQW FURVVL
&RRQJIJDQ DQG 6KDZ 5LYHUV DV ZHOO DV &DPHO DQG *OHQ +HUULQJ &UHF
VWUXFWXUH VA\VWHPYVY DUH GHVLJQHG WR VXSSRUW D VWDQGDUG VSDQ ZL
R P VHSDUDWLRQ EHWZHHQ WRZHUV 'XH WR WKLV GHVLJQ FRQVWUD|
XQGHUVWDQG WKH EDVHOLQH K\GURORJLFDO FRQGLWLRQV DQG SRWHQW
VWUXFWXUH VA\VWHPV LI WKH\ DUH ORFDWHG ZLWKLQ WKH HVWLPDWHG IC

7KLV UHSRUW SUHVHQWYV WKH EDVHOLQH K\GURORJ\ VWXG\ DQG LPSDFW
FRUULGRU WR VXSSRUW UHJXODWRU\ DSSURYDO VXEPLVVLRQV DQG SODF

(3*+ LV ORFDWHG QRUWK RI WKH &KULVWPDV &UHHN PLQH VLWH DQG LV (
RI WKH 1XOODJLQH WRZQVKLS 7KH GHYHORSPHQW HQYHORSH KDV D WRYV

NPO $ 3UH )HDVLELOLW\ VWXG\ 3)6 LV FXUUHQWO\ EHLQJ XQGHUWDN
WZR VSHFLILF ZLQG WXUELQH JURXSYVY *URXS DQG *URXS ZLWKLQ WKH
JURXSYVY HDFK ZLWK D WDUJHW RI WXUELQHY KDYH EHHQ VHOHFWHG E
SRZHU JHQHUDWLRQ SRWHQWLDO

7KH 373 6WDJH WUDQVPLVVLRQ OLQH FRUULGRU ZLOO OLQN (3*+ WR WK
DERXW NP ZHVW Rl WKH SRZHU JHQHUDWLRQ DUHD 7KH FRUULGRU ZL(
FURVV VHYHUDO FUHHNV DQG ULYHUV LQ WKH 'H *UH\ 5LYHU %DVLQ LQF(
5LYHUV )LJXUH 7KLV K\GURORJ\ VWXG\ DVVHVVHV WKH EDVHOLQH K\

3LOEDUD 'HFDUERQLVDWLRQ 6WXG\ 373 6WDJH %DVHOLQH
+\GURORJ\ DQG ,PSDFW $VVHVVPHQW 5HY GRF]
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VHWWLQJ DQG GHWDLO SRWHQWLDO LPSDFWV RI WKH WUDQVPLVVLRQ FR

K\GUDXOLF UHJLPH RI ULYHUVY DQG RWKHU LPSRUWDQW ZDWHUFRXUVHYV =
WUDQVPLVVLRQ FRUULGRU

7KH 373 6 WDJH DOLJQPHQW DQG DOWHUQDWLYH DOLJQPHQWYV ZKLFK GH
LOQOWHUVHFWLRQ ZHUH DQDO\WHG LQ WKLV VWXG\ )LIJXUH 7KH IRFXV
DQG $(3 IORRG HYHQWYVY ZKLFK UHODWHY WR WKH PLQLPXP GHVLJQ V\

$(3 DQG WKH VWDQGDUG GHVLJQ HYHQW IRU FULWLFDO LQIUDVWUXF\

DQG WUDQVPLVVLRQ OLQHV  $(3 7KH $(3 LV XVHG DV D VHQVLWLYL
HIFHHGDQFH HYHQWYV

3LOEDUD 'HFDUERQLVDWLRQ 6WXG\ 373 6WDJH %DVHOLQH
+\GURORJ\ DQG ,PSDFW $VVHVVPHQW 5HY GRF]
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EPGH to the Iron Bridge Transmission
Corridor (PTP Stage 6)
Baseline Hydrology Study and Impact
Assessment

Figure 1-1: Project Overview

Legend

=== PTP6 Corridor (Main)
=== PTP6 Coongan River Corridor (Alternative)
- EPGH Envelope
DWER 250k Drainage Lines

Scale at A3 - 1:500,000
10 20

Coordinate System: GDA94 / MGA zone 50 A
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JLIXUH BURMHFW 2YHUYLHZ

B3LOEDUD '"HFDUERQLVDWLRQ 6WXG\ 373 6WDJH %DVHOLQH +\GURORJ\ DQG ,PSDFW $VVHVVPHQW 5HY
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7KH VFRSH RI ZRUN IRU WKLV VWXG\ LV SUHVHQWHG EHORZ

SHYLHZ H[LVWLQJ SXEOLFO\ DYDLODEOH DQG )RUWHVFXH JHQHUDWHG
HQYLURQPHQWDO VHWWLQJY DQG SRWHQWLDO VHQVLWLYH UHFHSWRU
GHYHORSPHQW RI WKH K\GURORJLF DQG K\GUDXOLF PRGHOV DQG PRGF

5HYLHZ DQG LGHQWLI\ DOO ZDWHUFRXUVHV RI LPSRUWDQFH FURVVLQJ

'"HYHORS K\GURORJLF PRGHOV WR GHWHUPLQH WKH VWUHDPIORZ IURP
IRU WKH LGHQWLILHG ZDWHUFRXUVHYV WKDW LQWHUVHFW WKH WUDQVF
DVVHVVPHQW VKDOO LQFOXGH

D '"HULYDWLRQ RI VLWH VSHFLILF ,QWHQVLW\ )UHTXHQF\ "XUDWLF
FRQVLGHULQJ VSDWLDO YDULDWLRQ LQ UDLQIDOO DQG DSSURS
$5)V LQ DFFRUGDQFH ZLWK WKH JXLGHOLQHY SURYLGHG LQ $
VKDOO EH XQGHUWDNHQ IRU GHVLJQ UDLQIDOO HYHQWY UDQJL
DQQXDO H[FHHGDQFH SUREDELOLW\ $(3

E &DWFKPHQW GHOLQHDWLRQ IORRG K\GURJUDSK JHQHUDWLRQ
HVWLPDWLRQ WR DOO UHTXLUHG ZDWHUFRXUVHYV IRU WKH IXOOC
DVVHVVPHQW VKDOO DGRSW DSSURSULDWH HPSLULFDO ORVVH\
UDLQIDOO GXUDWLRQ WHPSRUDO UDLQIDOO SDWWHUQV DQG IC
ZDWHUFRXUVHYV

F 7KH DVVHVVPHQW PHWKRGRORJLHVY VKDOO FRPSULVH RI UHJLR
URXWLQJ PHWKRGY PRGHOV LQFOXGLQJ )ORRG J)UHTXHQF\ $QDC
JORRG J)UHTXHQF\ 3URFHGXUH 5))3 5HJLRQDO )ORRG )UHTXHQ
525% DQG 78)/2: GHWHUPLQHG WR EH DSSURSULDWH IRU DYDLC
FDWFKPHQW DUHD K\GURORJ\ DQG WKH REMHFWLYHV RI WKH VYV

G &OLPDWH FKDQJH DVVHVVPHQW RQ K\GURORJLFDO GDWD UDLC
HYDOXDWLRQ RI UHJLRQ VXLWDEOH VHOHFWHG VFHQDULRYV UH
SDWKzD\V DQG JOREDO FOLPDWH PRGHOV IRU VHOHFWHG WLPH

8QGHUWDNH K\GUDXOLF PRGHOOLQJ WR DVVHVV WKH EDVHOLQH IORRC
ZDWHUFRXUVHY DORQJ WKH 373 6WDJH FRUULGRU

8QGHUWDNH FDOLEUDWLRQ YHULILFDWLRQ RI WKH K\GURORJLF DQG K\
WKHUHRI ZLWKLQ WKH PRGHOV ZKHUH GDWD H[LVWYV

&RQGXFW VHQVLWLYLW\ DQDO\VLV RQ NH\ LQSXWV RU SDUDPHWHUV ZL
0DQQLQJYV puQY URXJKQHVV DQG FOLPDWH FKDQJH LQIOXHQFHV WR DV
GHVLJQ IORZV DQG IORRG FKDUDFWHULVWLF DW  $(3

URYLGH EDVHOLQH IORRG LQXQGDWLRQ PDSSLQJ IRU WKH DQG
HYHQWY )ORRG LQXQGDWLRQ PDSV VKDOO LQFOXGH DW D PLQLPXP WE
YHORFLW\ DQG IORRG KD]JDUG IRU WKH GHVLJQ HYHQWY DV LGHQWLILH

8QGHUWDNH TXDOLWDWLYH LPSDFW DVVHVVPHQW RI WKH 373 6WDJH
FURVVLQJ ZDWHUFRXUVHY DQG SURYLGH UHFRPPHQGDWLRQV DJDLQVW

3LOEDUD 'HFDUERQL 373 6WD %DVH
+\GURORJ\ DQG ,PSDFW $VVHVVPHQW 5HY GRF]
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,QIRUPDWLRQ DQG GDWD

JRUWHVFXH (QHUJ\ SURYLGHG LQIRUPDWLRQ

7TDEOH SUHVHQW WKH LQIRUPDWLRQ DQG GDWDVHWY SURYLGHG E\ )R/
SURMHFW

7TDEOH JRUWHVFXH (QHUJ\ SURYLGHG LQIRUPDWLRQ

'DWD
,QIRUPDWL

'"HVFULSWLRQ JLOH )RUPDW

$HULDO ,PDJHU\ DQG 7RSRJUDSK\

'"LJLWDO (OHYDWLBRRWRJUDPPHWULFDO®)/ BH(PBYATB)),B 0B'(0B)(% BWULP WLI
ORGHO '(0 '(0 FDSWXUHG LQ )HEUXDU\

P SKRWRJUDPPHWULFDOOQGBDWWHHG PBPJD WLI
(0 /DQGJDWH

,PDJHU\ +LJK UHVROXWLRQ DHULDO LPDJHU\ )).B(DVWB3LOEDUDBODU
*,6 /ID\HUV
7UDQVPLVVLR@7BQAWDJIJH WUDQVPLVVLRQ@30ARHNHB VKS
$OLIJQPHQW DOLJQPHQW LQFOXGLQJ BFFHYY SRIDEAB VKS
ERUURZ JURXQGY OD\GRZQRUBRG*URXQGVB VKS
ORFDWLRQV WXUNH\V QH VW& RDALG/ B VKS
VXEVWDWLRQV 373 B3DGVB VKS
7XUNH\1IHVWYVB VKS
6 XEVWDWLRQVB VKS

$OWHUQDWLYH$SOWHUQDWLYH DOLJQPHQWRBEURMMVB3(& B6HFWLRQ VKS
7UDQVPLVVLRQRRQIDQ 5LYHU
$OLIJQPHQW

"'LVWXUEDQFH WRWDO GLVWXUEDQFH IRRW®WDIOQMVWXUEDQFH)RRWSULQWB Y
IRRWSULQWY UHKDELOLWDWLRQ IRRWSURQAD 54K DE)RRWSULQWB VKS
SHUPDQHQW GLVWXUED QFHR WRROBHUWFDPHQW)RRWSULQWB VK

2WKHU ,WHP

+\GURORJ\ ORGHO &RRQJIJDQ 5LYHU 52532 %R PRGHO ILOHYV
GHYHORSHG IRU (3*+ %DVHOLQH
+\GURORJ\ 6 WXG\

B3LOEDUD 'HFDUERQLVDWLRQ 6WXG\ 373 6WDJH %DVHOLQH
+\GURORJ\ DQG ,PSDFW $VVHVVPHQW 5HY GRF][
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(O '"HVFULSWLRQ JLOH JRUPDW
,QIRUPDWL
BUHOLPLQDU\ @HOWAMEHQVLRQ 3ROH *HQHWBD & '5 (/ B B,)&B SGI

LQIRUPDWLRQ $UUDQJHPHQW

BWUDLQ 3ROH  WR  'HJUMHY '5 (/B B,)&B SGI
*HQHUDO $UUDQJHPHQW

6WDQGDUG GHVLJQ WRZHU VSDFLQJ % P
OD[LPXP GHVLJQ WRZHU VSDFLQJ * P

SXEOLFO\ DYDLODEOH GDWD

+\GURORJ\ GDWDVHWYV LQFOXGLQJ VWUHDP JDXJLQJ DQG UDLQIDOO GDWI
'"HSDUWPHQW RI :DWHU DQG (QYLURQPHQWDO 5HIJXODWLRQ '":(5 %XUHDYX
DQG $55 GDWDKXE *HRORJLFDO DQG VRLO PDSV KDYH EHHQ H[WUDFW]I
'"HSDUWPHQW RI OLQHV ,QGXVWU\ 5HIXODWLRQ DQG 6DIHW\ '0,56 DQG '
,QGXVWULHY DQG 5HJLRQDO 'HYHORSPHQW :HVWHUQ $XVWUDOLD '3,5' «
HIWUDFWHG IURP WKH *HRVFLHQFH $XVWUDOLD 1DWLRQDO '(0 GDWDEDVF
1RUWK 3ROH OLQH 7KHVH GDWDVHWYV DUH GHVFULEHG LQ ODWHU VHFWLI

B3LOEDUD 'HFDUERQLVDWLRQ 6WXG\ 373 6WDJH %DVHOLQH
+\GURORJ\ DQG ,PSDFW $VVHVVPHQW 5HY GRF][
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:DWHUZD\ FURVVLQJVY RI LQWHUHVW

7TDEOH SUHVHQWYV WKH ZDWHUZD\ FURVVLQJY WKDW :RUOH\ LGHQWLIL}
LPSRUWDQFH UHTXLULQJ IXUWKHU LQYHVWLIJDWLRQ 7KHVH VLWHV ZHUH
HIWHQWY HVWLPDWHG WKURXJK LQWHUURJDWLRQ RI DHULDO LPDJHU\ W
UHJLRQDO FDWFKPHQW GHWDLOV 7KH IORRG H[WHQWYVY DW WKHVH FURVYV

P WKH VWDQGDUG QRPLQDWHG VSDQ IRU WUDQVPLVVLRQ OLQH VXSSR
ZHUH LGHQWLILHG DQG DVVHVVHG LQ WKLV UHSRUW 7KH FURVVLQJ ORFI

7DEOH :DWHUZD\ FURVVLQJVY RI LQWHUHVW
&UHHN 1DPH $OLJQPHQW
&DPHO &UHHN 373 6WDJH
&RRQJDQ 5LYHU 373 6WDJH
*OHQ +HUULQJ &UHHN 373 6WDJH
6KDZ 5LYHU 373 6WDJH
&RRQJDQ 5LYHU 373 6WDJH + $SOWHUQDWLYH :
*OHQ +HUULQJ &UHHN 373 6WDJH + $SOWHUQDWLY

B3LOEDUD 'HFDUERQLVDWLRQ 6WXG\ 373 6WDJH %DVHOLQH
+\GURORJ\ DQG ,PSDFW $VVHVVPHQW 5HY GRF][
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EPGH to the Iron Bridge Transmission
Corridor (PTP Stage 6)
Baseline Hydrology Study and Impact
Assessment

Figure 3-1: Waterway Crossings of Interest

Legend
I Access Roads - 6 m buffer
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PTP6 Pads
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JLIXUH :DWHUZD\ FURVVLQJV RI LQWHUHVW
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&EDWFKPHQW FKDUDFWHULVDWLRAQ

JRU WKH ZDWHUZD\ FURVVLQJYV LGHQWLILHG LQ 6HFWLRQ DQDO\VLV ZD'
FKDUDFWHULVH HDFK FDWFKPHQW 7KLV LQFOXGHG FDWFKPHQW GHOLQH
DVVHVVPHQW DQG UHYLHZ RI WKH JHRORJLFDO VHWWLQJ DQG VRLOV LQ

&EDWFKPHQW FKDUDFWHULVWLFYV

7KH FDWFKPHQW GHWDLOV RI WKH ZDWHUZD\ FURVVLQJY RI LQWHUHVW D
&DWFKPHQW GHOLQHDWLRQ DQG PDLQVWUHDPV IRU WKHVH FDWFKPHQWYV
GHWDLOV ZLOO EH XVHG LQ SHDN IORZ HVWLPDWHY DV GRFXPHQWHG LQ

7KH &RRQJDQ 5LYHU DQG 6KDZ 5LYHU DUH HSKHPHUDO DQG IORZ LQ D QR
GLVFKDUJLQJ LQWR WKH 'H *UH\ 5LYHU 7KH WRWDO FDWFKPHQW DUHD R
NP3 DQG WKH DUHD XSVWUHDP Rl WKH WUDQVPLVVLRQ FRUULGRU UH
RI WKH WRWDO FDWFKPHQW 7KH WRWDO FDWFKPHQW DUHD RI WKH 6KDZ
NP3 Rl ZKLFK DSSUR[LPDWHO\ RI WKH FDWFKPHQW LV ORFDWHG X
WUDQVPLVVLRQ OLQH

7DEOH &DWFKPHQW 'HWDLOV RI ZDWHUFRXUVH FURVVLQJV

&HQWUR &HQWUR
$UHD ODLQVWUH

&DWFKPHQW 1C IDWLWX /RQJILWX(

NPa /HQIJWK NI

f 6 (

&RRQJDQ 5LYHU DW 373
6WDJH

&RRQJDQ 5LYHU DW
$OWHUQDWLYH $OLJOQPHQW

&DPHO &UHHN DW 373
6WDJH

*OHQ +HUULQJ &UHHN DW
373 6WDJH

*OHQ +HUULQJ &UHHN DW
$OWHUQDWLYH $OLJOQPHQW

6KDZ 5LYHU DW 373
6WDJH

7KH &RRQJDQ DQG 6KDZ 5LYHUVY DUH JDXJHG FDWFKPHQWY $ IORRG IUHT
FRPSOHWHG WR SURYLGH HVWLPDWHY IRU GHVLJQ IORZV 7KLV DVVHVVP]|

B3LOEDUD 'HFDUERQLVDWLRQ 6WXG\ 373 6WDJH %DVHOLQH
+\GURORJ\ DQG ,PSDFW $VVHVVPHQW 5HY GRF][
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EPGH to the Iron Bridge Transmission
Corridor (PTP Stage 6)
Baseline Hydrology Study and Impact
Assessment

Figure 4-1: Catchments of Interest
Legend

| Coongan River Catchment at PTP6

[) Coongan River Catchment at PTP6 Alternative

[] Shaw River Catchment at PTP6

"1 Glen Herring Catchment at PTP6

] Camel Creek Catchment at PTP6

== PTP6 Corridor (Main)

=== PTP 6 Coongan River Corridor (Alternative)
DWER 250k Drainage Lines
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7KH 3LOEDUD FOLPDWH LV FKDUDFWHULVHG E\ YHU\ KRW VXPPHUV PLOG
UDLQIDOO 6XGPH\HU 7KH %R0 .RSSHQ FOLPDWH FODVVLILFDWLRQ V
GHILQHY WKH 6WXG\ $UHD DV D KRW GHVHUW DUHD ZLWK ZLQWHU GURXJI
SUHGRPLQDQWO\ LQ WKH VXPPHU ZHW VHDVRQ DSSUR[LPDWHO\ -DQXDU\
WURSLFDO F\FORQHVY DQG ORZ SUHVVXUH V\VWHPV /RFDOLVHG LVRODWH
DFWLYLW\ LV DOVR FRPPRQ 2ZLQJ WR WKHVH PHFKDQLVPVY UDLQIDOO LV
SHULRGV RI ORZ UDLQIDOO DUH FRPPRQ

3RLQW GDWD KDV EHHQ REWDLQHG IURP WKH 6FLHQWLILF ,QIRUPDWLRQ |
WR HQDEOH ORQJ WHUP UHYLHZ RI UDLQIDOO DQG HYDSRUDWLRQ GDWD

FOLPDWH GDWD IURP WR WKH SUHVHQW ,W SURYLGHVY GDLO\ PHWHRU
FOLPDWH YDULDEOHY LQ UHDG\ WR XVH IRUPDWY VXLWDEOH IRU ELRSK\V
FOLPDWH DSSOLFDWLRQV 6,/2 GDWDVHWY DUH FRQVWUXFWHG IURP REV
WKH %XUHDX RI OHWHRURORJ\ 6,/2 LQWHUSRODWHY WKH UDZ GDWD ZKL
WR GHULYH GDWDVHWYV ZKLFK DUH ERWK VSDWLDOO\ DQG WHPSRUDOO\ F

7KH YDULDELOLW\ RI UDLQIDOO LV GHPRQVWUDWHG LQ )LIXUH ZLWK P

WRWDOV DW ODUEOH %DU ' 7KH DQQXDO UDLQIDOO DYHUDJH
2FWREHU WR 6HSWHPEHU ZDWHU \HDU OHDQ PRQWKO\ SDQ HYDSRUDWL
IURP RQzDUGV FRQVLVWHQWO\ H[FHHGY PHDQ PRQWKO\ UDLQIDOO V

HQYLURQPHQW

3LOEDUD 'HFDUERQLVDWLRQ 6WXG\ 373 6WDJH %DVHOLQH
+\GURORJ\ DQG ,PSDFW $VVHVVPHQW 5HY GRF]
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EPGH to the Iron Bridge Transmission

A) 50 B) 0 Corridor (PTP Stage 6)
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&EDWFKPHQW VRLOV

([SHFWHG VRLOV ZLWKLQ WKH 6WXG\ $UHD DUH YDULDEOH ZLWK VWRQ\ \
DUHDV RI ERWK WKH 6KDZ DQG &RRQJDQ FDWFKPHQWYV /DUJH VHFWLRQV
GRPLQDWHG E\ 56HG GHHS VDQG\ GXSOH[HV DQG UHG VKDOORZ VDQG 7Kl
&RRQJDQ DQG WKH 6KDZ 5LYHUVY DUH GRPLQDWHG E\ UHG GHHS VDQGV Z
1RUWK 3ROH OLQH *DXJLQJ VWDWLRQ )LIXUH 7KH '3,5" NH\ VRLO OD(
$UHD DUH SUHVHQWHG LQ )LIXUH '3,5"

7KH FDWFKPHQW VRLOV PDSSLQJ LQGLFDWHY WKDW WKHUH LV OLNHO\ W|
KHDGZDWHU DUHDV ZKHUH WKH FDWFKPHQW LV GRPLQDWHG E\ VWRQ\ VR
DUH H[SHFWHG LQ WKH PDLQVWUHDPV ZKHUH ERWK ULYHU V\VWHPV DUH
PDLQVWUHDP ORQJIJLWXGLQDO JUDGLHQWY DUH ORZ

JLIXUH 6KDZ 5LYHU DW WKH 1RUWK 3ROH OLQH VWUHDPIORZ JDXJH

B3LOEDUD 'HFDUERQLVDWLRQ 6WXG\ 373 6WDJH %DVHOLQH
+\GURORJ\ DQG ,PSDFW $VVHVVPHQW 5HY GRF][
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Figure 4-4: Soil Landscape Mapping

Legend

=== PTP6 Corridor (Main)

=== PTP 6 Coongan River Corridor (Alternative)
) catchment boundary

Soil landscape mapping (DPIRD)

|1 Hard cracking clay

[] Red deep sand

[ ] Red deep sandy duplex

[T7] Red loamy earth

[1 Red shallow loam

[] Red shallow sand

[ 1 Red-brown hardpan shallow loam
[] Red/brown non-cracking clay
Salt lake soil

[ Stony soil
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SHILRQDO UDLQIDOO UXQRII FKDUDFWH

WDFNJURXQG

7R DLG LQ GHYHORSLQJ DSSURSULDWH GHVLJQ HYHQW GLVFKDUJHV DW V
GHWDLOHG K\GURORJLFDO LQYHVWLJDWLRQ ZDV FRPSOHWHG IRU WKH FD
XQGHUWDNLQJ ))$ RI VWUHDPIORZ GDWD IRU WKH 6KDZ 5LYHU DQG &RRQ.
XVLQJ WKH UHVXOWY WR UHFRQFLOH HPSLULFDO ORVV PRGHO SDUDPHW
RI WKH VDPH FDWFKPHQWYV

JORRG J)UHTXHQF\ $QDO\VLYV

/IRQJ WHUP KLVWRULF VWUHDPIORZ UHFRUGYV IURP WKH &RRQJDQ 5LYHU LC
ZHUH DYDLODEOH WR DLG LQ FKDUDFWHULVDWLRQ RI WKH UHVSHFWLYH |
VHFWLRQ SUHVHQWY WKH UHYLHZ RI KLVWRULF VWUHDPIORZ GDWD UDW

+LVWRULF VWUHDPIORZ GDWD

":(5 VWUHDPIORZ JDXJH GDWD LV DYDLODEOH IRU WKH &RRQJDQ 5LYHU D\
DQG IRU WKH 6KDZ 5LYHU DW WKH 1RUWK 3ROH OLQH .’ '"HWDLOV F
SUHVHQWHG LQ 7DEOH DQG WKH ORFDWLRQV DQG DVVRFLDWHG FDWFK

7KH ))$ ZzDV XQGHUWDNHQ IURP WKH JDXJHG GDWD XVLQJ WKH 78)/2: )/,.(
$QQXDO OD[LPD $0 GDWD IRU UHVSHFWLYH ZDWHU \HDUV 2FWREHU WR |
KDYH GDLO\ PD[LPXP GLVFKDUJH UHFRUGLQJY DYDLODEOH ZKLFK ZHUH X!
$0 IRU XVH LQ WKH ))$ 7KH ZDWHU \HDU $0 IRU ODUEOH %DU LV SUHVHQMW
1RUWK 3ROH OLQH LQ )LJIJXUH

7TDEOH *DXJHG FDWFKPHQW FKDUDFWHULVWLFV

&DWFKPHQW ¢
":(5 6WUHDP Q

*DXJH

IURP ':(5 6WDUW 'D (QG 'DWH :DWHU <HD
NP

&RRQJDQ 5LYHU =
ODUEOH %DU

6KDZ 5LYHU = 1RUWK
3ROH OLQH

B3LOEDUD 'HFDUERQLVDWLRQ 6WXG\ 373 6WDJH %DVHOLQH
+\GURORJ\ DQG ,PSDFW $VVHVVPHQW 5HY GRF][
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Figure 5-1: Gauge Locations & Contributing
Catchments

Legend
[J shaw River catchment
[J Coongan River catchment
DWER 250k Drainage Lines
— Local road
—— State road
® DWER gauge locations

Topography (mAHD)
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ODUEOH %DU *DXJH 6LWH $QQXDO OD[LPD
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JLIXUH ODUEOH %DU JDXJH VLWH DQQXDO PD[LPD
1RUWK 3ROH *DXJH 6LWH $QQXDO OD[LPD
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JLIXUH 1RUWK 3ROH OLQH JDXJH VLWH DQQXDO PD[LPD
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6WUHDPIORZ GDWD UHYLHZ

7KH GbDWD DVVRFLDWHG ZLWK WKH JDXJHG GDWD ZDV UHYLHZHG WR GHW
XVH LQ WKH ))$ 7KH UHYLHZ LQFOXGHG LQWHUURJDWLRQ RI UDWLQJ FXU
VHQVLWLYLW\ DQDO\WVLYVY WR HIWUHPH HYHQWYV

SDWLQJ FXUYH UHYLHZ

6KDZ 5LYHU

$ K\GUDXOLF PRGHO ZDV VHW XS XVLQJ /L'$5 GHULYHG P UHVROXWLRQ '
"'(5 WR FRQILUP WKH UDWLQJ FXUYH DGRSWHG IRU WKH 1RUWK 3ROH 0OLQ
PRGHOOLQJ LQYROYHG UXQQLQJ D VHULHV RI VWHDG\ VWDWH IORZV WKU
HIWUDFWLQJ IORRG OHYHOV DW WKH HVWLPDWHG JDXJH ORFDWLRQ IRU \
UDWLQJ FXUYH GHULYHG IURP WKH 78)/2: FRPSDUHG WR WKH ":(5 UDWLQJ
JLIXUH 7KH UHYLHZ FRQILUPHG WKDW EDVHG RQ WKH DQDO\VLV FRPS!
UDWLQJ FXUYH LV VXLWDEOH IRU XVH LQ WKH ))$

+LVWRULFDO UH UDWLQJ RI WKH JDXJH UDWLQJ FXUYH GLG QRW VKRZ VL.
FKDQJHV RFFXUULQJ DW WKH IORZ UDWHY OHVV WKDQ PA V DV VKRZQ
JDXJLQJY DOLJQ ZHOO ZLWK WKH UDWLQJ FXUYH DQG GHPRQVWUDWHV W
DFFXUDWH DQG VXLWDEOH IRU XVH 7KH ODUJHVW PDQXDO JDXJHG IORZ

o

@) I1RUWK 3ROH OLQH 5DWLQJ &XUYH $QDO\VL
T

>_

T

o

T

>

-]

>< =

[n'd >

LL

-]

T

=

o

/
':DWHUFRXUVH 'LVFKDUJH P# V
—78)/2: 5DWLQJ &XUYH &KHEKN5 5DWLQJ &XUYH
JLIXUH &RPSDULVRQ RI WKH 78)/2: DQG '":(5 UDWLQJ FXUYHVY DW WKH 1RUWK 3]

3LOEDUD 'HFDUERQLVDWLRQ 6WXG\ 373 6WDJH %DVHOLQH
+\GURORJ\ DQG ,PSDFW $VVHVVPHQW 5HY GRF]
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Monthly statistical analysis for Shaw River - North Pole Mine
/ 710229
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JLIXUH +LVWRULFDO JDXJLQJY DQG UDWLQJ FXUYHV IRU WKH 1RUWK 3ROH 0OLC

&RRQJIJDQ 5LYHU

7KH &RRQJDQ 5LYHU UDWLQJ FXUYH ZDV UHYLHZHG WR GHWHUPLQH WKH
RQ WKH SURMHFW $ UHYLHZ RI WKH KLVWRULFDO JDXJLQJVY DQG UDWLQJ
VLIQLILFDQW YDULDWLRQ LQ WKH UDWLQJ FXUYHV RYHU WKH OLIH RI WK
HIDPSOHV RI WKH GLITHUHQW JDXJH OHYHOV UHVXOWLQJ LQ WKH VDPH IC
DW GLIITHUHQW WLPHY WKLV LV SDUWLFXODUO\ UHOHYDQW WR ORZ IORZ
JRU IORZV JUHDWHU WKDQ PA V ZKLFK LV WKH IRFXV RI WKLV VWXG\
YDU\ VLIQLILFDQWO\ ZKLFK OHDGV WR XQFHUWDLQW\ LQ WKH UHVXOWYV

7KH JDXJH VLWH VKRZV D PL[WXUH RI DOOXYLXP DQG D VWDEOH URFN ED
VFRXU KROH DGMDFHQW WR WKH JDXJH DV SUHVHQWHG LQ )LJXUH 7
WLPH PD\ FRQWULEXWH WR WKH YDULDWLRQ LQ &7) OHYHOV UDWLQJV D(
DYDLODEOH LW LV QRW SRVVLEOH WR FRQILUP WKH YDOLGLW\ VXLWDEL(
HYHQWYV VXFK DV ZKLFK HIWHQGV EH\RQG WKH OLPLWV RI WKH UDWL!
JDXJHG IORZ ZDV PA V LQ

3LOEDUD 'HFDUERQLVDWLRQ 6WXG\ 373 6WDJH %DVHOLQH
+\GURORJ\ DQG ,PSDFW $VVHVVPHQW 5HY GRF]
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JLIXUH *DXJLQJ VWDWLRQ ORFDWLRQ IRU WKH ODUEOH %DU JDXJH VRXUFH %

SHULRGV RI PLVVHG UHFRUGLQJ

ODQXDO UHYLHZ RI SHULRGV RI PLVVHG UHFRUGLQJ ZHUH XQGHUWDNHQ |
LQ WKH DQG ZDWHU \HDUV EHLQJ H[FOXGHG IURP WKH &RRQJD

DQG HI[FOXGHG IURP WKH 6KDZ 5LYHU DQDO\VLVY GXH WR PLVVLQJ |
UDLQIDOO PRQWKYV

/IRZ IORZ FHQVRULQJ

5XQRIlI LQ WKH 6WXG\ $UHD LV HSKHPHUDO ZLWK ZDWHUZD\V IORZLQJ RQ
PDIJQLWXGH WR SURGXFH UXQRII *LYHQ WKH FOLPDWH RI WKH VWXG\ DU
VHDVRQDO DQG VXEMHFW WR KLJK DQQXDO YDULDELOLW\ 7KLV PHDQV W
WKHUH DUH QR IORRGV 7KH DQQXDO PD[LPXP UHFRUGVYV IRU WKHVH \HDU\
UHSUHVHQWDWLYH RI WKH SRSXODWLRQ RI IORRGY DQG FDQ XQGXO\ LQIH
ODUJHU PDJQLWXGH HYHQWYV Rl WKH IUHTXHQF\ GLVWULEXWLRQ 7KHVH
UHIHUUHG WR DV 3BRWHQWLDOO\ ,QIOXHQWLDO /RZ )ORZV 3,/) &HQVRUL!
WKH JDXJH UHFRUG XVLQJ WKH PXOWLSOH *UXEEV %YHFN WHVW DV GHVFU

B3LOEDUD 'HFDUERQLVDWLRQ 6WXG\ 373 6WDJH %DVHOLQH
+\GURORJ\ DQG ,PSDFW $VVHVVPHQW 5HY GRF][
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$55 %DOO HW DO 7KLY UHVXOWHG LQ DQQXDO PD[LPD YDOXHV
WKUHVKROGY EHORZ EHLQJ H[FOXGHG LQ WKH ))$

T Pi v DW ODUEOH %DU \HDUV RI GDWD RXW RI DYDLODEOH \HDU"
T PAiv DW 1RUWK 3ROH OLQH \HDUV RI GDWD RXW RI DYDLODEO

))$ UHVXOWYV

7KH ))$ UHVXOWYV IRU HDFK JDXJH DUH SUHVHQWHG LQ )LJXUH DQG )LJ
UHVXOWY DUH SUHVHQWHG LQ 7DEOH 7KH /RJ 3HDUVRQ ,,, /3,,, DQG
9DOXH *(9 SUREDELOLW\ PRGHOV ZHUH DVVHVVHG IRU ERWK FDWFKPHQ
SURYLGHG WKH EHVW ILW WR WKH DYDLODEOH GDWD LQ OLQH ZLWK JXLG

JRU WKH ODUEOH %DU JDXJH ERWK WKH /3,,, DQG WKH *(9 SUREDELOLW\
HYHQWYVY XS WR WKH $(3 HYHQW ZLWK WKH KLJKHU VNHZ RI /3,,, SURGX
JURZWK FXUYHV LQ WKH UDUH WR YHU\ UDUH UDQJH $V VXFK *(9 ZDV VH
SURYLGHG D FORVHU DOLJQPHQW WR WKRVH SURYLGHG E\ SUHOLPLQDU\

YRU WKH 1RUWK 3ROH OLQH JDXJH WKH /3,,, ILW ZDV DGRSWHG DV WKH P
ERWK I[UHTXHQW DQG UDUH HYHQWY UHFRUGHG DW WKH JDXJH 7KH ILW I
VLPLODU IRU HYHQWYV XS WR WKH  $(3 HYHQW EXW WKH *(9 GHYLDWHG
HYHQWV *LYHQ WKH FRQILGHQFH LQ WKH UDWLQJ FXUYH B6HFWLRQ
VHOHFWHG IRU XVH LQ WKH ))$

7TDEOH ))$ UHVXOWYV IRU WKH ODUEOH %DU DQG 1RUWK 3ROH OLQH *DXJHV

)

6WUHDP
*DXJH

&RRQJDQ 5LYHU
+ ODUEOH %DU

6KDZ 5LYHU %
1RUWK 3ROH
OLQH

B3LOEDUD 'HFDUERQLVDWLRQ 6WXG\ 373 6WDJH %DVHOLQH
+\GURORJ\ DQG ,PSDFW $VVHVVPHQW 5HY GRF][
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5DLQIDOO UXQRII PRGHOOLQJ VRIWZDUH 525% YHUVLRQ ZDV XVHG W
WKH UHIJLRQDO &RRQJDQ 5LYHU DQG 6KDZ 5LYHU FDWFKPHQWYV IRU D UDC

7ZR 525% PRGHOV ZHUH VHW XS ZLWK WKH RXWOHWY DW WKH WZR VWUHI
PRGHO VFKHPDWLVDWLRQ LQFOXGLQJ WKH QRGDO QHWZRUN DUUDQJHPH
LQ )LIXUH

6XE FDWFKPHQWY DUHDV ZHUH GHOLQHDWHG XVLQJ 6KXWWOH 5DGDU 7R
(QIRUFHG 6570 + WRSRJUDSKLF GDWD DQG PDQXDOO\ LQVSHFWHG IRU F
FDWFKPHQW GLYLGHVY DHULDO LPDJHU\

ORGHO LQSXWYV DQG SDUDPHWHUYV

525% PRGHOV DUH FKDUDFWHULVHG E\ D QXPEHU RI LQSXW SDUDPHWHUYV
ORVVHV WHPSRUDO SDWWHUQV DUHDO UHGXFWLRQ IDFWRUYV DQG SUH E
DGGLWLRQDO SDUDPHWHUV WR GHULYH VWRUDJH GLVFKDUJH UHODWLRQ

'HVLJQ UDLQIDOO GDWD

7KH ODWHVW ,)' GDWD ZDV REWDLQHG IURP WKH %R0 'HVLJQ 5DLQIDOO 'D
XVH LQ WKH VWXG\ 3RLQW UDLQIDOO GDWD ZDV REWDLQHG IURP WKH FI
SUHVHQWHG LQ $SSHQGL[ $

$V WKH FDWFKPHQWY DUH ODUJHU WKDQ NP6 VSDWLDOO\ YDULHG UDL
7KLV ZDV FRPSOHWHG E\ FDOFXODWLQJ WKH DYHUDJH ,)' YDOXH IRU HDFI
]JRQDO VWDWLVWLFV WRRO LQ 4*,6 DQG WKH JULGGHG ,)' GDWD DYDLODEC(

OHGLDQ SUH EXUVW UDLQIDOO GHSWKV ZHUH H{WUDFWHG IURP $55 'DWD¥
EXUVW UDLQIDOO ZDV UHPRYHG JWRPUWKRH WWRRMUP XODWLRQ LQ WKH PRGH
UHSUHVHQW WKH/fHXUVW

3LOEDUD 'HFDUERQLVDWLRQ 6WXG\ 373 6WDJH %DVHOLQH
+\GURORJ\ DQG ,PSDFW $VVHVVPHQW 5HY GRF]
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Figure 5-11: RORB Model Setup

Legend

=== PTP6 Corridor (Main)

=== PTP 6 Coongan River Corridor (Alternative)
® DWER gauge locations

RORB Model
@ Junctions
© Centroids

— Reaches

[] Sub-areas
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JLIXUH 525% PRGHO VHWXS IRU WKH &RRQJDQ DQG 6KDZ S5LYHV
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$UHDO UHGXFWLRQ IDFWRUV

*LYHQ WKH ODUJH VL]H RI WKH FDWFKPHQWY LW LV XQOLNHO\ WKDW WKI
LOQWHQVLW\ VWRUP EXUVW ZLOO EH FRQVLVWHQW DFURVV WKH HQWLUH F
LW LV W\SLFDO WR DSSO\ bQ $UHDO 5HGXFWLRQ )DFWRU $5) WR WKH ,)’
SUHVHUYDWLRQ RI D SUREDELOLW\ QHXWUDO WUDQVLWLRQ EHWZHHQ WK
FKDUDFWHULVWLFV $55 %DOO HW DO 7TKH SURFHGXUH RXWOLQ
DXWRPDWHG LQ 525% ZHUH DGRSWHG WR GHWHUPLQH $5)V IRU ERWK FD!

/IRVV PRGHO

$Q LQLWLDO FRQWLQXLQJ ORVV ,/ & HPSLULFDO ORVV PRGHO KDV EHHC
ORVVHVY VHOHFWHG DQG MXVWLILFDWLRQ RI WKH ORVVHV LV SUHVHQWHC

6WRUDJH GLVFKDUJH SDUDPHWHULVDWLRQ

525% LV FKDUDFWHULVHG E\ WZR DGGLWLRQDO SDUDPHWHUV WR HQDEOF
GLVFKDUJH UHODWLRQVKLS 7KHWH FDIWHH @/ KIHH IHHISRIQE QWR DV WKH QRQ OLC
SDUDPHWHU DQG WKHFFRIWHG LWIHOQWUUHG WR DV WKH UHDFK VWRUDJH SD

7TKH VWDQRG DG XH RI ZDV DGRSWHG LQ WKH 525% PRGHOV 7KLV YDOXI
LQ XQFDOLEUDWHG FDWFKPHQWYV RU ZKHUH WKHUH LV LQVXIILFLHQW GD\
YDOXH 7KLY YDOXH ZDV DOVR DGRSWHG LQ WKH ZRUNV XQGHUWDNHQ E
LQYROYHG WKH FDOLEUDWLRQ RI K\GURORJLFDO PRGHOV WR JDXJHG FDYV
:HVWHUQ $XvwuboLD 3HDUFH\ HVWLPDWHG D UHDFK VWRUDJH UHODWLR
FDWFKPHQWY LQFOXGLQJ WKH &RRQJDQ 5LYHU DQG 6KDZ 5LYHU LQ WKHYV
5LYHU DQG 6KDZ 5LYHU WKH UHODWLRQVKLS LV GHILQHG

P & IRU &RRQJDQ 5LYHU WR ODUEOH %DU DQG
P & IRU WKH 6KDZ 5LYHU WR 1RUWK 3ROH OLQH

8VLQJ WKH FDQLEWDWHDWH® I URP 3HDUFH\ HW IR WKH GHYHORSHG 52%5 PR
ZHUH GHULYHG XVLQJ WKH IROORZLQJ HTXDWLRQV

K.=0.48 x d,, Coongan River ;
K. =0.66 x d,, Shaw River

KHUHpyUHSUHVHQWYV WKH DYHUDJH GLVWDQFH IURP HDFK VXE DUHD WR V
UHVXOWHGRIQ D DQG D IRU WKH &RRQJDQ DQG 6KDZ 5LYHU 525% PRGI

KHQ XVLQJ WKLV UHODWYBQXKVSGMKHHG LQ WKLV VWXG\ PD\ QRW H[DF
GHULYHG E\ 3HDUFH\ HW DO GXH WR SRWHQWLDO GLITHUHQFHYV LQ F
HITHFW®BRQ@R OLPLW WKH PDIJQLWXGH RI WKLV SRWHQWLDO GLIIHUHQFH
QXPEHU RI VXE DUHDV ZHUH XVHG WR WKDW GRFXPHQWHG LQ 3HDUFH\ H\
Rl VXE DUHDVY ZHUH LQFOXGHG LQ WKH &RRQJDQ 5LYHU PRGHO WR LQFUH
XSVWUHDP RI WKH *OHQ +HUULQJ &UHHN FURVVLQJV

3LOEDUD 'HFDUERQLVDWLRQ 6WXG\ 373 6WDJH %DVHOLQH
+\GURORJ\ DQG ,PSDFW $VVHVVPHQW 5HY GRF]



0/%/ worley o Fortescue.

= consulting

THPSRUDO SDWWHUQYV

*LYHQ WKH VL]H RI WKH FDWFKPHQW DUHDV DOO HYHQWYV ZHUH VLPXODYV
HQVHPEOH WHPSRUDO SDWWHUQV HWUDFWHG IURP WKH $55 'DWDKXE %

6LPXODWLRQ DSSURDEK

7KH DVVHVVPHQW RI WKH FDWFKPHQW UHVSRQVH WR UDLQIDOO IRU ERWI
DVVHVVPHQW DSSURDFK IRU IORRG TXDQWLOH HVWLPDWLRQ

7KH ORQWH &DUOR DSSURDFK SURYLGHVY D IUDPHZRUN IRU VLPXODWLQJ V
NH\ SURFHVVHVY WKDW LQIOXHQFH IORRG UXQRII DOO LPSRUWDQW IORRC
VWRFKDVWLF YDULDEOHVY DQG WKH OHVV LPSRUWDQW RQHV DUH IL[HG
PHWKRG LV WKDW LW DOORZV WKH H[FHHGDQFH SUREDELOLW\ RI WKH |0l
ZLWKRXW ELDV VXEMHFW WR WKH UHSUHVHQWDWLYHQHVYV RI WKH VHOHI

7KH DSSURDFK LV FRQFHSWXDOLVHG LQ )LJXUH JRU WKLV DVVHV
DQG LQLWLDO ORVV KDYH EHHQ VWRFKDVWLFDOO\ VDPSOHG

Simple event Ensemble event Monte Carlo event

Y% AEP
rainfall event

Distribution of rainfalls
over range of AEPs

Y% AEP rainfall event

Stochastic
sampling of
key inputs

Fixed values of
all inputs

Fixed values of
all inputs

thousands
of times

Flow
Flow
Flow

v

Time Time Time

* AEP of peak flow
assumed to be Y%

* Peak flow is weighted average
of ensemble

= AEP of peak flow assumed
to be Y%

+ Magnitude and AEP of peak flow
determined by statistical analysis

|
|
|
I
|
|
|
|
I
|
|
|
I
|
|
I
|
Run once |
|
I
[
|
|
|
|
I
|
|
|
|
|
|

JLIXUH ORQWH &DUOR DSSURDFK FRQFHSWXDO PRGHO %DOO HW DO

B3LOEDUD 'HFDUERQLVDWLRQ 6WXG\ 373 6WDJH %DVHOLQH
+\GURORJ\ DQG ,PSDFW $VVHVVPHQW 5HY GRF][
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SHVXOWY GLVFXVVLRQ

6HYHUDO PRGHO UXQV ZHUH FRPSOHWHG IRU HDFK VWXG\ FDWFKPHQW W
DQG ORVVHV WKDW SURYLGH WKH EHVW ILW WR WKH IORRG TXDQWLOHV |
6HFWLRQ 7TKH LQYHVWLIDWLRQ LQFOXGHG WHVWLQJ YDULRXV ORVV )
RWKHU SDUDPHWHNY VXFK DV

"RUOH\ &RQVXOWLQJ DQG )RUWHVFXH (QHUJ\ D JIMKHRX WX W P B UQWARLQY/V YW
EDVHG RQ WKH FDOLEUDWLRQ HYHQWHWWRPSOHWHG LQ 3HDUFH\

7KH FDOLEUDWLRQ RI ORVVHV ZDV FRPSOH[ DQG QR VLQJOH VHW RI SDU
JRRG ILW DFURVY DOO $(3 HYHQWYV RI LOQOWHUHVW 7KHUHIRUH WKH LQLW
PLQLPLVH WKH GHYLDWLRQ EHWZHHQ WKH JURZWK FXUYHV H[KLELWHG L
DQG WKRVH IURP WKH ))$ ZLWKLQ WKH WR $(3 UDQJH ZHUH DGRSWHC
VHOHFWHG LQ DFFRUGDQFH ZLWK WKH )RUWHVFXH %DVLV RI '"HVLJQ ZKL|
HYHQW DQG WKH KLJKHU FHUWDLQW\ LQ WKH ))$ IRU PRUH IUHTXHQW $(:
DSSURDFK ZzDV DSSOLHG WR WKH PRUH I[UHTXHQW HYHQWY ZKHUH WKH J
PDJQLWXGHV E\ VFDOLQJ WKH K\GURJUDSK WR PDWFK WKH UHJLRQDO H\

)RU WKH &RRQJDQ 5LYHU PRGHO ORVV SODQBHWHURURHUHPPRQVLGHUHG
DSSURSULDWH ZKLOVW IRU WKH 6KDZ 5LYHU ,QPO\QGSDRMEHRIHIH/ RI  PF
DGRSWHG IRU WKH VWXG\ 7KH UHVXOWV Rl WKH ORQWH &DUOR DQDO\VL\
FRPSOHWHG RQ WKH JDXJH LV SUHVHQWHG LQ )LIXUH &RRQJDQ 5LYH
5LYHU IRU WKH $(3 UDQJH RI LQWHUHVW ,W ZDV QRWHG WKDW ORZ PDJC
DQG $(3 HYHQWY FRXOG QRW EH UHSOLFDWHG ZLWKLQ WKH 525% PRG#
PL[HG SRSXODWLRQ RI UHFRUG LQ WKH VWUHDPIORZ JDXJH GDWD ZLWK
JDXJHV OLNHO\ EHLQJ PRUH UHSUHVHQWDWLYH RI ORFDO FRQYHFWLYH W
WULEXWDULHV DQG ODUJHU PDJQLWXGH HYHQWYV DVVRFLDWHG ZLWK PRI
HYHQWV VXFK DV WKRVH DVVRFLDWHG ZLWK H[ WURSLFDO F\FORQHV 7KL
TXDQWLOHV DFURVV WKH FRPSOHWH $(3 UDQJH XVLQJ WKH $55 GHVLJC
SDUWLFXODUO\ ZLWKRXW GHWDLOHG DVVHVVPHQW RI UDLQIDOO PHFKDQ|
HYHQW

,W LV DOVR OLNHO\ WKDW FDWFKPHQW UHVSRQVH LV QRW RQO\ DIIHFWH(
EXW LQ WKH FDVH RI WKHVH ODUJH VA\VWHPV LV OLNHO\ LQIOXHQFH E\ RV
WKDW DUH QRW DEOH WR EH FDSWXUHG ZLWKLQ WKH PRGHOOLQJ RU H[S
GDWD *LYHQ WKH H[SDQVLYH PDLQVWUHDP ZLGWKYVY DQG DOOXYLDO GHSI
LW LV SRVVLEOH WKDW SD.FOPHWHBVCHSHQGBHWQW DQG QRW D FRQVWDQW
LQ WKH 525% PRGHOOLQJ VRIWZDUH

JRU K\GUDXOLF PRGHOOLQJ WKH 525% PRGHOOLQJ UHVXOWYVY XS WR WKH
DQG $(3 6KDZ 5LYHU DUH VFDOHG WR UHJLRQDO HVWLPDWHV DV WKH
DUH IRXQG WR EH ORZHU WKDQ IORZVY EDVHG RQ ))$ TXDQWLOHYV DQG WK|
VXUURXQGLQJ PL[HG PHWHRURORJLFDO PHFKDQLVPV GULYLQJ UDLQIDOO
WKH FDWFKPHQWYV

3LOEDUD 'HFDUERQLVDWLRQ 6WXG\ 373 6WDJH %DVHOLQH
+\GURORJ\ DQG ,PSDFW $VVHVVPHQW 5HY GRF]



)= worley

=

YORZ PV

JLIXUH

consulting

&RRQJDQ 5LYHU ODUEOH %DU ))$

—&— *(9 %D\HVLDQ 4XDQWLOHYV
--------- WK 3BHUFHQWLOH 3UREDELOLW\ /LPLWYV
X +LVWRULF $QQXDO OD[LPD :DWHU <HDU

—— 525% ,/V PP &/ PP KU &

&RPSDULVRQ RI ))$ DQG 525% IRU WKH &RRQJDQ 5LYHU PRGHO

3LOEDUD 'HFDUERQL 373 6WD %DVHOLQH +\GURORJ\ DQG ,P¢ 5HY G

SHFXUUDQFH J,QWHUYDO <HDUYV
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6KDZ 5LYHU 1RUWK 3ROH OLQH ))$

—&— /3,,, %D\HVLDQ 4XDQWLOHYV
--------- WK 3BHUFHQWLOH 3UREDELOLW\ /LPLWYV

X +LVWRULF $QQXDO OD[LPD :DWHU <HDU

—— 525% ,/V PP &/ PP KU &

YORZ PV

$(3 LQ ;

JLIXUH &RPSDULVRQ RI ))$ DQG 525% IRU WKH 6KDZ 5LYHU PRGHO

3LOEDUD 'HFDUERQL 373 6WD %DVHOLQH +\GURORJ\ DQG ,P¢ 5HY G



Qf\% Wwor ley O Fortescue.

consulting

'"HVLJQ HYHQW K\GURORJ\

'"HVLIJQ HYHQW K\GURORJ\ ZDV FRPSOHWHG XVLQJ WKH 525% PRGHOV GHY
5LYHU DQG WKH 6KDZ 5LYHU EDVHG RQ WKH PRGHO FDOLEUDWLRQ 7KH P
ZHUH PRGLILHG WR UHSUHVHQW WKH FDWFKPHQW DUHDV RI LQWHUHVW LC
LQIORZ ORFDWLRQV IRU K\GUDXOLF PRGHOOLQJ GHVFULEHG LQ 6HFWLRC
PRGHO XSGDWHVY SDUDPHWHUY DQG GRPDLQV DQG WKH UHVXOWLQJ LQI
K\GUDXOLF PRGHOOLQJ DQG LPSDFW DVVHVVPHQW

ORGHO LQSXW DQG SDUDPHWHU XSGDWHYV

7KH 525% PRGHO H[WHQWYV IRU WKH &RRQJDQ 5LYHU DQG 6KDZ 5LYHU PR
RQ WKH FDWFKPHQWY RI LQWHUHVW 7KH UHYLVHG PRGHO H[WHQWYVY DUH
FKDQJH LQ PRGHO VHWXS UHVXOWHG LQ FKDQJHV WR WKH $5) DSSOLHG
URXWLQJ SDUPPHMWAKUDUH GLVFXVVHG EHORZ

$UHDO UHGXFWLRQ IDFWRUYV

7KH $5) DSSOLHG WR HDFK PRGHO ZDV XSGDWHG EDVHG RQ WKH DUHD XS
$5) FDOFXODWLRQ ZDV XSGDWHG EDVHG RQ WKH DUHDV SUHVHQWHG LQ 7

7TDEOH $UHD DGRSWHG IRU $5) FDOFXODWLRQ DSSOLHG IRU HDFK PRGHO

/REDWLRQ RI  QWHUHVW $UHD 8SVWUHDP
&RRQJDQ 5LYHU DW 373 6WDJH FURVVLQJ

&RRQJDQ 5LYHU DW $OWHUQDWLYH $OLJQPHQW
FURVVLQJ

&DPHO &UHHN DW 373 6WDJH FURVVLQJ

*OHQ +HUULQJ &&UHHN DW 373 6WDJH FURVVLQJ

*OHQ +HUULQJ &UHHN DW $OWHUQDWLYH $OLJQPHQW
FURVVLQJ

6KDZ S5LYHU DW 373 6WDJH FURVVLQJ

SRXWLQJ SDUDPHWHUYV

5RXWLQJ SDUDPHWHUVKH ORFDO FDWFKPHQW PRGHOV ZHUH VFDOHG WR |
& YDOXHV LQ 3HDUFH\ HW DO IRU WKH &RRQJDQ DQG 6KDZ 5LYHU 52
DGRSWHG IRU HDFK PRGHO GRPDLQ DUH SUHVHQWHG LQ 7DEOH

B3LOEDUD 'HFDUERQLVDWLRQ 6WXG\ 373 6WDJH %DVHOLQH
+\GURORJ\ DQG ,PSDFW $VVHVVPHQW 5HY GRF][
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7TDEOH ¢fDQG & YDOXHVY DGRSWHG IRU 525% PRGHOOLQJ

&DWFKPHC

525% ORGH : .

() GHO SUHD NP& DY F &

&RRQJIDQ 5LYHU DW 373, RTX 5 TAX3
6WDJH FURVVLQJ

&RRQJDQ 5LYHU DW

$OWHUQDWLYH $0OLJOWOI@®INV AoXo T6X1

FURVVLQJ

&DPHO &UHHN DW 373 . TRXT X
6WDJH FURVVLOQJ

*

OHQ +HUULQJ &UHHN,.QW 1iX5 (X1

373 6WDJH FURVVLQJ

6KDZ 5LYHU DW 373
6WDJH FURVVLQJ

B3LOEDUD 'HFDUERQLVDWLRQ 6WXG\ 373 6WDJH %DVHOLQH
+\GURORJ\ DQG ,PSDFW $VVHVVPHQW 5HY GRF][
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YLIXUH

/RFDOLVHG 525% PRGHOV IRU FDWFKPHQWY RI LOQWHUHVW

3LOEDUD 'HFDUERQL 373 6WD %DVHOLQH +\GURORJ\ DQG ,P¢ 5HY

G
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6LPXODWLRQ DSSURDFK

7KH GHVLJQ HYHQW K\GURORJ\ ZDV FRPSOHWHG E\ XVLQJ WKH HQVHPEOLW
$55 DQG FRQFHSWXDOLVHG LQ )LIJXUH 7KH HQVHPEOH DQDO\WLV LQ
GHVLJQ VWRUP GXUDWLRQV DQG DVVRFLDWHG WHPSRUDO SDWWHUQV

VHOHFWLQJ WKH HYHQW WKDW UHVXOWY LQ WKH KLIJKHVW PHDQ SHDN 7
PLWLIDWH WKH SRWHQWLDO ELDV LQ SHDN IORZ HVWLPDWHYV IURP WKH V

PRGHOOHG HYHQWY DUH SUHVHQWHG LQ 7DEOH ZLWK FULWLFDO VWRI
6HFWLRQ
Simple event Ensemble event Monte Carlo event

Y% AEP
rainfall event

Ensemble of N

patterns/values

Fixed values of
all inputs

Distribution of rainfalls
over range of AEPs

Y% AEP rainfall event

Stochastic
sampling of
key inputs
Fixed values of
all inputs Fixed values of
all inputs

Run
thousands
of times

Run N
times

Run once

Time i Time Time *
= AEP of peak flow * Peak flow is weighted average + Magnitude and AEP of peak flow
assumed to be Y% of ensemble determined by statistical analysis
= AEP of peak flow assumed
to be Y%
JLIXUH (QVHPEOH DSSURDFK FRQFHSWXDO PRGHO %DOO HW DO
7TDEOH 'HVLJQ VWRUPV DVVHVVHG LQ WKH 525% PRGHOV
6WRUP (YHQWYV DVVHVVHG
$(3 LQ LQ DQG
'HVLJQ 6WRUP 'XUDWLRQV DQG

B3LOEDUD 'HFDUERQLVDWLRQ 6WXG\ 373 6WDJH %DVHOLQH
+\GURORJ\ DQG ,PSDFW $VVHVVPHQW 5HY GRF][
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'"HVLJQ HYHQWYV

7KLY VHFWLRQ SUHVHQWY WKH UHVXOWY RI WKH GHVLJQ HYHQW PRGHOQG
FURVVLQJY DV DJUHHG ZLWK )RUWHVFXH (QHUJ\ 7KH UHVXOWY DW HDFK
FRPSDUHG WR UHJLRQDO SHDN IORZ HVWLPDWHY FRPSOHWHG XVLQJ WKH
DQDO\VLY 30RWV RI WKH FRPSDULVRQ WR SHDN IORZV IRU DOO FURVVL!

&RRQJDQ S5LYHU * 373 6 WDJH &URVVLQJ

7KH IORZV HVWLPDWHG IRU WKH &RRQJDQ 5LYHU DW WKH 373 FURVVLQJ
7KH K\GURJUDSKVY WR EH LQSXW WR WKH K\GUDXOLF PRGHO IRU DQDO\VL
5LYHU bQG &DPHO &UHHN DUH SUHVHQWHG LQ )LIXUH DQG )LIXUH I
&DPHO &UHHN

7TDEOH &RPSDULVRQ RI IORZV IRU WKH &RRQJDQ 5LYHU PRGHO DW WKH 373 6W

YORZ (VWLPDWH Pf V

No && r }IVvP,

Z1A & iUn66 TUi66 TUbTi iuiéé Tuoii ou

Z&&W TUTTI AUT6O ituUiodo iounai r

Z&& iuioi ivuooi TUTAI TUBOI r r
ZKZ +8]u 8 iuioo TUabi iUuoio AUIdI oundo
ZKZ (&]8] o *3}CEu T0ZE dWio 10ZE dWio iTZzE& dwid iTzE& dw

B3LOEDUD 'HFDUERQLVDWLRQ 6WXG\ 373 6WDJH %DVHOLQH
+\GURORJ\ DQG ,PSDFW $VVHVVPHQW 5HY GRF][
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&RRQJDQ 5LYHU ,QIORZV
>
e
o
N
@
O

/\\
7LPH KUV
JLIXUH ,QIORZ K\GURJUDSKV IRU &RRQJDQ 5LYHU IRU WKH &RRQJDQ 5LYHU 37
&DPHO &UHHN ,QIORZV
>
e
o
N
@
O
//\§ ——
7LPH KUV
JLIXUH ,QIORZ K\GURJUDSKV IRU &DPHO &UHHN IRU WKH &RRQJDQ 5LYHU 373

3LOEDUD 'HFDUERQLVDWLRQ 6WXG\ 373 6WDJH %DVHOLQH
+\GURORJ\ DQG ,PSDFW $VVHVVPHQW 5HY GRF]
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&RRQJDQ 5LYHU + $SOWHUQDWLYH $OLJQPHQW &URVVL

7KH IORZV HVWLPDWHG IRU WKH &RRQJDQ 5LYHU DW WKH DOWHUQDWLYH
LQ 7DEOH 7KH K\GURJUDSKV WR EH LQSXW WR WKH K\GUDXOLF PRGHO

7TDEOH &RPSDULVRQ RI IORZV IRU WKH &RRQJDQ 5LYHU PRGHO DW WKH DOWH.!

YORZ (VWLPDWH Pf V

$(3 $(3
No ‘ P (Uo6ia A 2 IR g i
VP v Z]A CEIUIOO iuoi U166 iUobo TUioi iU

788 W 1URS6 5UIO 6UB3S (Uit ‘

788 (Ui (UB0i U6 TUORI ‘ ‘
ZKZ +%]u & fufoi 1Ui60 TURGI 5UOTI U666
ZK.Zé}CEGi]S] i8z& dwin  iizZE dwii {iZE dWii 1ZE dWii {1ZE

&RRQJDQ 5LYHU $OWHUQDWLYH $OLJQPHQW
>
f{en
o
N
[n'd
(@)

7LPH KUV
JLIXUH ,QIORZ K\GURJUDSKV IRU &RRQJDQ ULYHU DW WKH DOWHUQDWLYH DOl

B3LOEDUD 'HFDUERQLVDWLRQ 6WXG\ 373 6WDJH %DVHOLQH
+\GURORJ\ DQG ,PSDFW $VVHVVPHQW 5HY GRF][
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*OHQ +HUULQJ &UHHN *+= 373 6WDJH &URVVLQJ

7KH IORZV HVWLPDWHG IRU WKH *OHQ +HUULQJ &UHHN FURVVLQJ DUH SU
K\GURJUDSKVY WR EH LQSXW WR WKH K\GUDXOLF PRGHOV DUH SUHVHQWH!

7TDEOH &RPSDULVRQ RI IORZV IRU WKH *OHQ +HUULQJ &UHHN FURVVLQJ

YORZ (VWLPDWH Pf V

$(3
Ao ‘ . aar A 5 ~ N
}}vaz]ACEHl 10 106 i 00 oo
Z&&W 10 f6i iUifio U066 ‘ ‘
788 116 i3 513 36 ‘ ‘
ZKZ +8]u § i 68 fina 6 66 Uit
ZK.Zé}CEGi]S] iPzZE& dwii  iizE dwis  {iZE dWisd (1ZE dWid 1ZE
*OHQ +HUULQJ &UHHN ,QIORZV
>
f{en
o
N
[n'd
(@)
7LPH KUV
JLIXUH ,QIORZ K\GURJUDSKV IRU *OHQ +HUULQJ &URVVLQJ DQDO\VLV

B3LOEDUD 'HFDUERQLVDWLRQ 6WXG\ 373 6WDJH %DVHOLQH
+\GURORJ\ DQG ,PSDFW $VVHVVPHQW 5HY GRF][
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*OHQ +HUULQJ &UHHN = 373 6WDJH $OWHUQDWLYH &l

7KH IORZV HVWLPDWHG IRU WKH *OHQ +HUULQJ &UHHN FURVVLQJ DUH SU
K\GURJUDSKVY WR EH LQSXW WR WKH K\GUDXOLF PRGHOV DUH SUHVHQWH!

7TDEOH &RPSDULVRQ RI IORZV IRU WKH *OHQ +HUULQJ &UHHN FURVVLQJ

YORZ (VWLPDWH Pf V

o (o 716 761 5 i 516
}}VPVZ]ACE 11 101 10
Z&&W 761 5 666 UT6i r r
Z&& ioi At Ino ofi r r
ZKZ +5]u 3 ot 6 8ii 56 Aol 615
ZK.Zé}CEGi]S] iPzE dwit  (1z& dwio  i1ZE dWiT  {1ZE dWil  (1ZE c
*OHQ +HUULQJ &UHHN ,QIORZV
>
i
o
N
o
o
7LPH KUV
JLIXUH ,QIORZ K\GURJUDSKV IRU *OHQ +HUULQJ &URVVLQJ DQDO\VLYV

B3LOEDUD 'HFDUERQLVDWLRQ 6WXG\ 373 6WDJH %DVHOLQH
+\GURORJ\ DQG ,PSDFW $VVHVVPHQW 5HY GRF][
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&DPHO &UHHN +* 373 6WDJH &URVVLQJ

7KH IORZV HVWLPDWHG IRU WKH &DPHO &UHHN FURVVLQJ DUH SUHVHQWH
WR EH LQSXW WR WKH K\GUDXOLF PRGHOV DUH SUHVHQWHG LQ )LIXUH

7TDEOH &RPSDULVRQ RI IORZV IRU WKH &DPHO &UHHN FURVVLQJ

YORZ (VWLPDWH Pf V

$(3
oo 580 gy ~ e CliAC
1IvP v Z]A @& 0 Noo 00I oil ivito iUioi
z&&aw 666 LT TUBTi SURRG r r
Z&& iTo 800 000 ont r r
ZKZ +5]u 3 00 o1i (UTo UAo U663 g
ZK.Zé}CEGi]S] iPzE dwio  11zE dwio  (1ZE dwio  (1ZE dWiT  {1ZGE
&DPHO &UHHN ,QIORZYV
>
i
o
N
o
o
7LPH KUV
JLIXUH ,QIORZ K\GURJUDSKV IRU &DPHO &UHHN FURVVLQJ
3LOEDUD 'HFDUERQLVDWLRQ 6WXG\ 373 6WDJH %DVHOLQH

+\GURORJ\ DQG ,PSDFW $VVHVVPHQW 5HY GRF][
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6KDZ 5LYHU £ '"HVLJQ +\GURJUDSKYV

7KH IORZV HVWLPDWHG IRU WKH 6KDZ 5LYHU FURVVLQJ DUH SUHVHQWHG
K\GURJUDSKVY WR EH LQSXW WR WKH K\GUDXOLF PRGHOV DUH SUHVHQWH!

7TDEOH &RPSDULVRQ RI IORZV IRU WKH 6KDZ 5LYHU PRGHO

YORZ (VWLPDWH Pf V

"z A Z]A @ TUiTo oufiio AUTTO AUGIO ounii ou
Z&&W U6 oUTiG (UGB (5UB860
788 U661 U681 UG 58U
ZKZ +%]u & (U668 iUifio2 AUGTT 6U168 5UTId
ZK.Zé}CEGi]S] i?27E& dwin  (1ZE dWii  (1ZE dWii  (iZE dWii  {iZE
JRU K\GUDXOLF PRGHOOLQJ YDOXHV VFDOHG WR 6FDOHG ))$ UHVXOWV
6KDZ 5LYHU ,QIORZV # 373 &URVVLQJ
>
f{en
o
N
[n'd
@)
7LPH KUV
JLIXUH ,QIORZ K\GURJUDSKV IRU WKH 6KDZ 5LYHU ORGHO

B3LOEDUD 'HFDUERQLVDWLRQ 6WXG\ 373 6WDJH %DVHOLQH
+\GURORJ\ DQG ,PSDFW $VVHVVPHQW 5HY GRF][
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+\GUDXOLF DQDO\VLV

*HQHUDO DSSURDFK

7KH K\GUDXOLF DQDO\VLY ZDV FRPSOHWHG XVLQJ WKH PRGHOOLQJ VRIW,.
$( ,QIORZ K\GURJUDSKV ZHUH LQSXW WR WKH PRGHO DW ORFDWLRQV XS
WKH IORZV URXWHG WR WKH FUHHN FURVVLQJYV 7KH FULWLFDO VWRUPYV I
FURVVLQJ ZHUH DQDO\WHG ZLWK WKH UHVXOWY SUHVHQWHG LQ 6HFWLRQ

ORGHO GRPDLQV DQG ERXQGDU\ FRQGLWLRQV

JORRG PRGHO GRPDLQVY DQG NH\ PRGHO ORFDWLRQV VXFK DV LQIORZ DQ
FRQGLWLRQV DUH SUHVHQWHG LQ )LIJXUH 7KH PRGHO ERXQGDULHV K
GLVWDQFH XSVWUHDP GRZQVWUHDP WR HQVXUH WKDW WKH K\GUDXOLFV
LPSDFWHG E\ WKH ERXQGDU\ FRQGLWLRQ EHKDYLRXU

'"HVLJQ HYHQWYV
7TDEOH GRFXPHQWY WKH UDQJH RI $(3 HYHQWY WKDW KDYH EHHQ PRGF

IRU WKH DQG LQ $(3 HYHQWY KDYH EHHQ GRFXPHQWHG LQ 6HFW
7TDEOH JORRG PRGHOOLQJ FRPSOHWHG IRU WKH SURMHFW
$(3 'REXPHQWHG LQ WKLV UHS
1R
1R
<HV
1R
1R
<HV
LQ 1R
LQ <HV

B3LOEDUD 'HFDUERQLVDWLRQ 6WXG\ 373 6WDJH %DVHOLQH
+\GURORJ\ DQG ,PSDFW $VVHVVPHQW 5HY GRF][
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JLIXUH 78)/2: ORGHO &RQILIJIXUDWLRQ

BLOEDUD 'HFDWLRQ

373 6WD

%DVHOLQH +\GURORJ\ DQG ,P¢

5HY

G
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ORGHO SDUDPHWHULVDWLRQ

7DEOH SUHVHQWYV WKH 78)/2: PRGHO SDUDPHWHUY DGRSWHG IRU XVH |
GHWDLOV RQ WKH GHOLQHDWLRQ RI IORRGSODLQ URXJKQHVY DUH GRFXP

7TDEOH $GRSWHG 78)/2: PRGHO SDUDPHWHUYV

ORGHO 3DUDPHWH BURSRVHG YDOXH DQG GHVFULSW

7RSRJUDSK)\ t P '(0 FDSWXUHG LQ )HEUXDU\
3,/B(/(9B)0*B)),B 0B'(0B)(% BWULP WLI
t P SKRWRJUDPPHWULFDOO\ GHULYHG '(0 = /DQ

/IDQGJDWHB PBPJD WLI

&HOO VL]H i =]

¥ 6XE *ULG 6DPSOLQJ 6*6 DW P HQDEOHG WR FC
JULG WRSRJUDSK\

%RXQGDU\ &RQGLWLRQY QIORZ IORZ K\GURJUDSKV VRXUFHG IURP 525%
SUHVHQWHG LQ 6HFWLRQ

f $XWRPDWHG VWDJH GLVFKDUJH FXUYH +4 ZLWK
EHG VORSH XVHG DV D SUR[\ IRU ZDWHU VXUIDFF}

ODQQLQUEWDOXH t &OHDU DOOXYLDO DUHDYV

'"HSWK /D\HU p ODQaL/&.Zﬂ\gHQVLW\YHJHWDWLRQ

Q /D\HU '"HSWK /D\HU ¥ ®HGLXP GHQVLW\ ULSDULDQ YHIJHWDWLRQ
0DQQOQLQJYV Q /D\HU

'"HVLJQ HYHQWYV $(3 ¢ LQ DQG LQ

JORRGSODLQ URXJKQHVYV

JORRGSODLQ URXJKQHVYVY GHOLQHDWLRQ ZDV SHUIRUPHG XVLQJ 6HQWLQH
FDUULHVY WKH OXOWLVSHFWUDO ,PDJH 06, DQG GHOLYHUYV VSHFWUDO
P UHVROXWLRQ

P UHVROXWLRQ GDWD RI WKH 6WXG\ $UHD ZzDV H(WUDFWHG IURP GDWD
IRU WKH &RRQJDQ 5LYHU PRGHO DQG IRU WKH 6KDZ 5LYHU PRGHO
EDQGY FRPELQHG XVLQJ WKH 4*,6 UDVWHU FDOFXODWRU IXQFWLRQ 7KLV
YHIHWDWLRQ LQGH[ JULG UHSUHVHQWDWLYH RI WKH FKDQJHV LQ YHJHW
DFURVV WKH VWXG\ DUHDV

B3LOEDUD 'HFDUERQLVDWLRQ 6WXG\ 373 6WDJH %DVHOLQH
+\GURORJ\ DQG ,PSDFW $VVHVVPHQW 5HY GRF][
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$HULDO LPDJHU\ RI WKH VLWH ZDV FRPSDUHG ZLWK WKH YHJHWDWLRQ LG
FODVVLILFDWLRQ EDQGV DQG DVVLJQ D PDWHULDO ,QfFRDOXN SRIQHB\LIQJ W
YDOXHV DUH UHSUHVHQWDWLYH RI WKH YHJHWDWLRQ URXJKQHVV IDFWRI
URXJKQHVV ZDV DVVLIJQHG WR DUHDV RI ULSDULDQ YHJHW QWLRIX HFRQVL
RI DQG ORZ GHQVLW\ YHJHWDWLR® YDWKHVORIQQLQJITV u

7KLY DSSURDFK HQVXUHVY D FRQVLVWHQW IORRGSODLQ URXJKQHVYV SDUD
UHGXFHVY WKH ELDV DVVRFLDWHG ZLWK PDQXDO GHOLQHDWLRQY )LIJXUH

DOORFDWLRQ EDVHG RQ WKH FODVVLILFDWLRQ YHIJIHWDWLRQ LQGH[ JULG
FODVVLILFDWLRQ WR FOHDU DOOXYLDO DUHDYVY DQG ULSDULDQ YHIJHWDWI
KLOOVORSH DUHDV GXH WR WKH LQWHQW RI WKH DVVHVVPHQW DQG PRGH}
K\GURJUDSK DSSOLFDWLRQ LQ WKH PDLQVWUHDP UDWKHU WKDQ UDLQ R

3LOEDUD 'HFDUERQLVDWLRQ 6WXG\ 373 6WDJH %DVHOLQH
+\GURORJ\ DQG ,PSDFW $VVHVVPHQW 5HY GRF]
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JLIXUH

0DQQLQJTV Q URXJKQHVV GHOLQHDWLRQ IRU PRGHO GRPDLQV

3LOEDUD 'HFDUERQL 373 6WD %DVHOLQH +\GURORJ $VVHVVI 5HY G
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$ VHQVLWLYLW\ DQDO\VLY ZDV FRPSOHWHG RQ WKH PRGHO SDUDPHWHUYV
XQGHUVWDQG WKH VHQVLWLYLW\ RI WKH PRGHO WR SDUDPHWHU XQFHUW
DVVHVV WKH SRWHQWLDO LPSDFWV RI FOLPDWH FKDQJH WKURXJK WKH S
7KH SDUDPHWHUV IRU WKH VHQVLWLYLW\ DQDO\VHY DUH SUHVHQWHG EH

&OLPDWH FKDQJH

7KH VHQVLWLYLW\ WR FOLPDWH FKDQJH ZDV XQGHUWDNHQ XWLOLVLQJ W
LOQWHQVLW\ LQ DFFRUGDQFH ZLWK $55 JXLGDQFH IRU WKH FOLPDWI
5HSUHVHQWDWLYH &¢RQFHQWUDWLRQ 3DWKZD\V 5&3 DQG SUHGLFW

7KH 5&43 SURSRVHG LQ WKLV DVVHVVPHQW DUH

¥ 5&3 ZKLFK LV GHVFULEHG E\ WKH ,OWHUJRYHUQPHQWDO 3DQHO RQ
LOQWHUPHGLDWH VFHQDULR (PLVVLRQV LQ 5&3 SHDN DURXQG WK
¥ 5&3 ZKHUH HPLVVLRQV FRQWLQXH WR ULVH WKURXJKRXW WKH VW

WDNHQ DV WKH EDVLV IRU ZRUVW FDVH FOLPDWH FKDQJH VFHQDULR

7KH K\GURORJLFDO PRGHOOLQJ IRU HDFK PRGHO ZHUH XSGDWHG WR DFF
FKDQJH VFHQDULRYVY 7KH UDLQIDOO IDFWRUV IRU ERWK FDWFKPHQWY DU

7KLV VHQVLWLYLW\ DQDO\VLYVY ZDV XVHG WR GHWHUPLQH LI WKH SUHGLFYV
WKH IXWXUH FOLPDWH VFHQDULRY ZRXOG KDYH D WDQJLEOH LPSDFW
DQG YHORFLWLHV DQG KHQFH SRVH DQ\ DGGLWLRQDO IORRG ULVN WR W
UHVXOWYV RI WKH FOLPDWH FKDQJH VHQVLWLYLW\ DQDO\VLY DUH SUHVHQ

7TDEOH BURSRVHG GHVLJQ UDLQIDOO IDFWRUV IRU FOLPDWH FKDQJH DVVHVVP

+\GUDXOLF URXJKQHVYV
7KH VHQVLWLYLW\ RI WKH PRGHOV WR 0DQQLQJYV URXJKQHVYVY YDOXHV Z}

PDQQLQJTV pQY YDOXHYV WR DVVHVV WKH VHQVLWLYLW\ RQ IORZ GH
FURVVLQJ ORFDWLRQV 7KLV YDULHV IURP WKH SURSRVHG LQ WKH )
5LVN $VVHVVPHQW S5HTXLUHPHQWYV )), ‘0 625 B EXW DOLJQV ZLWK

FRPSOHWHG IRU )RUWHVFXH 7KH SURSRVHG IORRGSODLQ URXJKQHVV YD
DUH SUHVHQWHG LQ 7DEOH

7KLV VHQVLWLYLW\ DQDO\VLYVY ZDV XVHG WR DVVHVV WKH UHVXOW VHQVL
YDULDELOLWN LQ YHIJHWDWLYH GHQVLW\ 7KH UHVXOWYV RI WKH VHQVLWL'

3LOEDUD 'HFDUERQLVDWLRQ 6WXG\ 373 6WDJH %DVHOLQH
+\GURORJ\ DQG ,PSDFW $VVHVVPHQW 5HY GRF]
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7TDEOH BURSRVHG IORRGSODLQ URXJKQHVYV VHQVLWLYLW\ DQDO\WLV YDOXHV

BURSRVHG 0DQQL@P ODQQLQIMMFHQVLWL
YDOXH 9DOXH

'"HVFULSWLRQ

&OHDU DOOXYLDO DUHDV RU EDUUHQ
ODQG

/JRZ GHQVLW\ ULSDULDQ
YHIJHWDWLRQ

ORGHUDWH GHQVLW\ ULSDULDQ
YHIJHWDWLRQ

B3LOEDUD 'HFDUERQLVDWLRQ 6WXG\ 373 6WDJH %DVHOLQH
+\GURORJ\ DQG ,PSDFW $VVHVVPHQW 5HY GRF][
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SHVXOWY DQG GLVFXVVLRQ

+\GUDXOLFV VXPPDU\

3HDN IORRG GHSWK DQG YHORFLW\ PDSSLQJ IRU WKH $(3 $(3 DQG
SUHVHQWHG LQ $SSHQGL[ & 7KH UHVXOWV RI WKH $(3 IRU WKH NH\ ZDV
SUHVHQWHG LQ )LIXUH WR )LIXUH

7KH IORRG PRGHOOLQJ UHVXOWYVY SUHGLFW WKDW WKH FUHHN FURVVLQJV
HIWHQWY GXULQJ WKH GHVLJQ $(3 IORRG HYHQW 7KH UHVXOWYVY SUHVH
SURSRVHG SDG DQG SROHV DUH SURSRVHG LQ DUHDV RI KLJK K\GUDXOLF
GHHS IORZ GHSWKYV 7KH SDGV ORFDWHG ZLWKLQ WKH $(3 IORRG SODL
DQG SUHVHQWHG LQ )LIXUH ZLWK SDGV RI WKH ORFDWHG ZLWKL(
GLVFXVVLRQ RQ IORRG FKDUDFWHULVWLFY DW HDFK FURVVLQJ LV SURYL
LPSDFW DVVHVVPHQW SUHVHQWHG LQ 6HFWLRQ

7TDEOH B3URSRVHG SDGV ORFDWHG ZLWKLQ WKH $(3 IORRG H[WHQW

&URVVLQJ 3DGV ORFDWHG ZLWKLQ $(3 10

&RRQJDQ 5LYHU DW 373 6WDJH

&RRQJDQ 5LYHU DW $OWHUQDWLYH $OLJQPHQW

&DPHO &UHHN DW 373 6WDJH

*OHQ +HUULQJ &UHHN DW 373 6WDJH

*OHQ +HUULQJ &UHHN DW $OWHUQDWLYH $OLJOPHQW

6KDZ 5LYHU DW 373 6WDJH

B3LOEDUD 'HFDUERQLVDWLRQ 6WXG\ 373 6WDJH %DVHOLQH
+\GURORJ\ DQG ,PSDFW $VVHVVPHQW 5HY GRF][
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JLIXUH

7UDQVPLVVLRQ VWUXFWXUH SDGVY ORFDWHG ZLWKLQ WKH SRWHQWLDO IORRGSODLQ

3LOEDUD 'HFDUERQL 373 6WD %DVHOLQH +\GURORJ\ DQG ,P¢ 5HY G
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&RRQJDQ 5LYHU

373 &URVVLQJ

7KH SURSRVHG FURVVLQJ RI WKH &RRQJDQ 5LYHU DORQJ WKH 373 DOLJ(
FRQIOXHQFH RI &DPHO &UHHN DQG WKH &RRQJDQ 5LYHU 7KLV ORFDWLRQ
HOQHUJ\ HQYLURQPHQW ZLWK IORZVY LQWHUVHFWLQJ WKH DOLJQPHQW IUR
DQG IURP WKH VRXWKHDVW YLD &DPHO &UHHN ,QYHVWLIJDWLRQ LQWR Wt
LQGLFDWHY WKDW DW WKH ZDWHUZD\ FURVVLQJ WKHUH LV ELIXUFDWLRC
IORZV IURP WKH &RRQJDQ 5LYHU IORZLQJ RQ WKH ZHVWHUQ VLGH RI WKH
&UHHN DQG IORRGSODLQ IORZV IRU &RRQJDQ 5LYHU GRPLQDWH WKH HDV

LQ WKH $(3 HYHQW LV DSSUR[LPDWHO\ P ZKLFK LQFOXGHY WKH VPEL
ELIXUFDWLRQ RFFXUV 7KH IORRG PRGHOOLQJ UHVXOWY IRU GHSWK DQG
7TKH FXUUHQW ORFDWLRQ RI 3DG DQG LV ZLWKLQ WKH $(3 1

IORRG PRGHOOLQJ UHVXOWYV IRU WKH $(3 HYHQW SUHVHQWHG LQ 7DEO

7TDEOH JORRG PRGHOOLQJ UHVXOWY DW 373 3DG ORFDWLRQV DW WKH &RRQJ

3DG ' $(3 GHSWK P $(3 YHORFLW\

&RRQJIJDQ 5LYHU $OWHUQDWLYH $OLJQPHQW

7KH 373 DOWHUQDWLYH DOLJQPHQW FURVVHV WKH &RRQJDQ 5LYHU DW |
IORRG HIWHQW LV DSSUR[LPDWHO\ P )ORRG PRGHOOLQJ UHVXOWYV IRU
JLIXUH $W WKLY ORFDWLRQ WKHUH DUH WZR SDGV 3DG DQG 3DG
VWUXFWXUH VA\VWHPVY DUH SURSRVHG 7KHVH V\VWHPV DUH ORFDWHG ZLV
DQG H[SHULHQFH KLJK IORRG GHSWKV JUHDWHU WKDQ P DQG YHORFLYV
UHVXOWY DW WKH SDG ORFDWLRQV DUH SUHVHQWHG LQ 7DEOH

7TDEOH JORRG PRGHOOLQJ UHVXOWY DW 373 $OWHUQDWLYH DOLJQPHQW SDG

3DG ' $(3 GHSWK P $(3 YHORFLW\

&DPHO &UHHN

7KH &4DPHO &UHHN FURVVLQJ KDV WKUHH WUDQVPLVVLRQ OLQH VWUXFWX
ZLWKLQ WKH $(3 IORRGSODLQ 7KH IORRG H[WHQW LQ WKH $(3 IORRG
P 7KH IORRG UHVXOWY DW WKLV ORFDWLRQ DUH SUHVHQWHG LQ )LJ.
DQG SUHVHQWHG LQ 7DEOH 'HHSHU KLJK YHORFLW\ IORZV DUH (

B3LOEDUD 'HFDUERQLVDWLRQ 6WXG\ 373 6WDJH %DVHOLQH
+\GURORJ\ DQG ,PSDFW $VVHVVPHQW 5HY GRF][
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WKH FUHHN ZLWK GHSWKV XS WR P DQG YHORFLWLHV XS WR PV 7Kt
V\VWHPY DUH ORFDWHG RXWVLGH RI WKLY DUHD ZLWK YHORFLWLHYV DW |

3DG DQG 3DG H[SHULHQFH KLJKHU IORRG GHSWKV ! P LQ D  $(3
7DEOH JORRG PRGHOOLQJ UHVXOWYV DW 373 3DG ORFDWLRQV DW WKH &DPHO
3DG ' $(3 GHSWK P $(3 YHORFLW\

*OHQ +HUULQJ &URVVLQJ

373 &URVVLQJ

7KH *OHQ +HUULQJ &UHHN FURVVLQJ KDV WZR SURSRVHG WUDQVPLVVLRQ
SRWHQWLDOO\ ORFDWHG ZLWKLQ WKH $(3 IORRG H[WHQWYV 3DG DQG
HIWHQW DW WKH FURVVLQJ LV DSSUR[LPDWHO\ P 7KH IORRG GHSWKYV
DUH SUHVHQWHG LQ )LIXUH DQG 7DEOH 3DG LV FXUUHQWO\ ORF
DQG ZLOO EH VXEMHFW WR IORRGLQJ LQ DOO IORZ HYHQWYV ZLWKLQ WKH

7TDEOH JORRG PRGHOOLQJ UHVXOWY DW 373 3DG ORFDWLRQV DW *OHQ +HUUI

3DG |’ $(3 GHSWK P $(3 YHORFLW\

SOWHUQDWLYH $OLJQPHQW DQG

7KH 373 $OWHUQDWLYH DOLJQPHQW GLYLGHV LQWR WZR VHSDUDWH DOL

&UHHN &URVVLQJ 7KLV VHFWLRQ Rl *OHQ +HUULQJ &UHHN LV FRQVWUDLC

ZLWKLQ WKH FKDQQHO 7KH K\GUDXOLF UHVXOWVY DUH SUHVHQWHG LQ )L.

GRHV QRW FRQWDLQ DQ\ SURSRVHG SDG ORFDWLRQV IRU WUDQVPLVVLRQ

HDVWHUQ DOLJQPHQW VSDQV RYHU *OHQ +HUULQJ &UHHN DQG GRHV QRW

PDLQVWUHDP IORRG H[WHQW 7KH IORRG H[WHQW IROORZLQJ WKH ZHVWH
P ZKLOH WKH HDVWHUQ DOLJQPHQW LV DSSUR[LPDWHO\ P

6KDZ 5LYHU &URVVLQJ

7KH 6KDZ 5LYHU LV D VLJQLILFDQW ULYHU FURVVLQJ ZLWK D IORRG H[WH
DW WKH SURSRVHG FURVVLQJ ORFDWLRQ )ORRG GHSWKV DW WKH FURVYV
XS WR PV )ORRG PRGHOOLQJ UHVXOWYV IRU WKH $(3 HYHQW DUH SU
WR WKH WRSRJUDSK\ RI WKH ULYHU JUHDWHU IORZ GHSWKV DQG KLJKHU
PDLQ ORZ IORZ FKDQQHO 7KH K\GUDXOLF UHVXOWYV IRU 3DG DQG DUI

B3LOEDUD 'HFDUERQLVDWLRQ 6WXG\ 373 6WDJH %DVHOLQH
+\GURORJ\ DQG ,PSDFW $VVHVVPHQW 5HY GRF][
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7TDEOH JORRG PRGHOOLQJ UHVXOWYV DW 373 3DG ORFDWLRQV DFURVYVY WKH 6t
3DG ' $(3 GHSWK P $(3 YHORFLW\ P
3DG
3DG

B3LOEDUD 'HFDUERQLVDWLRQ 6WXG\ 373 6WDJH %DVHOLQH
+\GURORJ\ DQG ,PSDFW $VVHVVPHQW 5HY GRF][
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YLIXUH

$(3 UHVXOWY DW &RRQJDQ 5LYHU RQ WKH 373

DOLJQPHQW

3LOEDUD 'HFDUERQL 373 6WD %DVHOLQH +\GURORJ\ DQG ,P¢ 5HY G
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JLIXUH $(3 UHVXOWY DW &RRQJDQ 5LYHU RQ WKH 373

DOWHUQDWLYH DOLJQPHQW

3LOEDUD 'HFDUERQL 373 6WD %DVHOLQH +\GURORJ\ DQG ,P¢ 5HY G
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JLIXUH $(3 UHVXOWY DW &DPHO &UHHN RQ WKH 373

BLOEDUD 'HFDUERQL

= worley

373 6WD

%DVHOLQH +\GURORJ\ DQG ,P¢

5HY

DOLJQPHQW

G
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JLIXUH $(3 UHVXOWYV DW *OHQ +HUULQJ &UHHN RQ WKH 373

DOLJQPHQW

3LOEDUD 'HFDUERQL 373 6WD %DVHOLQH +\GURORJ\ DQG ,P¢ 5HY G
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YLIXUH

$(3 UHVXOWY DW *OHQ +HUULQJ &UHHN &URVVLQJ RQ WKH 373

3LOEDUD 'HFDUERQL 373 6WD %DVHOLQH +\GURORJ\ DQG ,P¢ 5H GR

DOWHUQDWLYH DOLJQPHQW
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YLIXUH

$(3 UHVXOWY DW 6KDZ 5LYHU RQ WKH 373 $OLJQPHQW

3LOEDUD 'HFDUERQL 373 6WD %DVHOLQH +\GURORJ\ DQG ,P¢ 5HY

G
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7KH DVVHVVPHQW RXWFRPHY DQG DVVRFLDWHG GDWD LQ WKLV UHSRUW I
JRUWHVFXH (QHUJ\ H[WHUQDO VRXUFHV DV ZHOO DV WKDW DYDLODEOH
RU WLPHVY RXWOLQHG LQ WKLV UHSRUW

7KH UHVXOWYV RI WKH K\GUDXOLF DVVHVVPHQW DUH WKHUHIRUH LQKHUHC(
DYDLODEOH LQSXW GDWD )RU H[DPSOH WKH VSDWLDOO\ YDU\LQJ YHUWL
SKRWRJUDPPHWULFDOO\ GHULYHG '(OV DFURVYV WKH PRGHO GRPDLQ PD\
DEVROXWH YHUWLFDO DFFXUDF\ RI SHDN IORRG OHYHO UHVXOWYV ZRXOG
DFFXUDF\ RI WKH EDVHOLQH WRSRJUDSKLF GDWDVHW

7KH IROORZLQJ VHFWLRQV GRFXPHQWYV WKH UHVXOWY RI WKH VHQVLWLY
SURSRVHG ZDWHUZD\ FURVVLQJV

&OLPDWH &KDQJH $VVHVVPHQW

7KH LPSDFW RQ K\GUDXOLFV DV D UHVXOW RI FOLPDWH FKDQJH DUH SUH'
LQ 7DEOH 7KH FOLPDWH FKDQJH VFHQDULRYV UHVXOW LQ FKDQJHV LQ
YHORFLWLHV XS WR PV 7KHVH FKDQJHVY UHSUHVHQW WKH PD[LPXP YD
FURVVLQJ DQG ZLOO OLNHO\ EH WKH ODUJHVW FKDQJHY DORQJ WKH VHF\
DOVR DQDO\WHG ZLWK IORRG HIWHQWV LQFUHDVLQJ E\ XS WR D PD[LPXP
VFHQDULR ZLWK QR DGGLWLRQDO SDGV LPSDFWHG ,Q WKH 5&3 VFHQL

ZDV LPSDFWHG GXH WR D QHZ VHFWLRQ RI IORRGSODLQ EHLQJ LQXQG
UHVXOWLQJ LQ WKH IORRG HIWHQW LQFUHDVLQJ E\ P

7KH UHVXOWY LQGLFDWH WKDW WKH VRPH RI WKH FURVVLQJY DUH PRUH
SUHGLFDWHG LQFUHDVH LQ SHDN IORZVY DV D UHVXOW RI FOLPDWH FKDQ.

3LOEDUD 'HFDUERQLVDWLRQ 6WXG\ 373 6WDJH %DVHOLQH
+\GURORJ\ DQG ,PSDFW $VVHVVPHQW 5HY GRF]
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7TDEOH BHVXOWVY RI WKH VHQVLWLYLW\ DQDO\VLY FRPSOHWHG IRU WKH FOLPDWH FKDQJH

" %DVHOLQH FRQGLWLF : 5&3 : : 5&3
3HDN 3HDN

3HDN
IREDWLR{ yoRZ /HYHO (IWHQ /IHYHO YORZ /IHYHO (IWHQ

. 9HORF| 9HORFL . 9HORFL
PAiV P$+ P P$+' PA V P$+"
Y Y PV

&RRQJDQ 5LYHU
DW 373 6WDJH P PV P P PV P

&RRQJDQ 5LYHU
DW $OWHUQDWLYH

P PV P P PV P
$OLJQPHQW
&DPHO &UHHN DW
373 6WDJH P PV P P PV P
*OHQ +HUULQJ
&UHHN DW 373
P PV P P PV P
6WDJH
6KDZ 5LYHU DW
373 6WDJH P PV P P PV P

3LOEDUD 'HFDUERQL 373 6WD %DVQH +\GURORJ\ DQG ,PSDFV 5H
GRF][
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+\GUDXOLF URXJKQHVV

7KH DGRSWLRQ RI D LQFUHDVH LQ IORRGSODLQ URXJKQHVYVY DFURVV W
LQ LQFUHDVHG IORRG OHYHOV DW WKH FURVVLQJ ORFDWLRQV DV LV WR |
WKH ZDWHUZD\ FURVVLQJV LV SUHVHQWHG LQ 7DEOH 7KH VPDOO LQFL
FKDQJH WKH IORRG H[WHQWYV VLIJQLILFDQWO\ PD[LPXP FKDQJH RI P D
TXDOLWDWLYH LPSDFW DVVHVVPHQW SUHVHQWHG LQ 6HFWLRQ

%DVHG RQ WKH UHVXOWV RI WKH VHQVLWLYLW\ DVVHVVPHQW LW LV H[S}
DQQXDO YDULDELOLW\ LQ YHJHWDWLRQ GHQVLW\ DQG KHQFH SRWHQWLD
DFURVV WKH VWXG\ DUHD LV QRW OLNHO\ WR LPSDFW WKH SODFHPHQW R
WUDQVPLVVLRQ OLQH 7KH VHQVLWLYLW\ WR IORRGSODLQ URXJKQHVV ZD
KLJKHU LQ WKH 6KDZ 5LYHU PLQFUHDVH DQG DW WKH &RRQJDQ 5LYH
DOLJQPHQW PLQFUHDVH ILQDO SODFHPHQW Rl WKH SDGV VKRXOG F
LQFUHDVHYV

7TDEOH 5HVXOWY RI VHQVLWLYLW\ DQDO\VLVY FRPSOHWHG IRU K\GUDXOLF URX.

%DVH FDVH

/REDWLR  .pwHU ([WHQW :DWHU ([WHQW :DWHU ([WHQ
/JHYHO F P /JHYHO F P JHYHO F P

&RRQJDQ 5LYHU
# 373 6WDJH P P P P

&RRQJDQ 5LYHU
# $OWHUQDWLYH

P P P P
$OLIJQPHQW
&DPHO &UHHN #
373 6WDJH P P P P
*OHQ +HUULQJ
&UHHN # 373
P P P P
6WDJH
6KDZ 5LYHU #
373 6WDJH P P P P

B3LOEDUD 'HFDUERQLVDWLRQ 6WXG\ 373 6WDJH %DVHOLQH
+\GURORJ\ DQG ,PSDFW $VVHVVPHQW 5HY GRF][
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4XDOLWDWLYH LPSDFW DVVHVVPHQW

7KLY VHFWLRQ RXWOLQHVY WKH TXDOLWDWLYH LPSDFW DVVHVVPHQW FRP
OLQH 7KH 373 7UDQVPLVVLRQ OLQH LV WKH NP NY GRXEOH FLUFXL
OLQH WKDW FRQQHFWYV (3*+ WR WKH ,URQ %ULGJH PDJQHWLWH PLQLQJ V
ZLWKLQ WKLV VWXG\ DFFRXQW IRU a RI WKH WRWDO WUDQVPLVVLRQ OL

7KH PDMRU ZDWHUZD\ FURVVLQJY DVVHVVHG LQ WKLV UHSRUW DV QRWH
WUDQVPLVVLRQ OLQH VWUXFWXUHY ORFDWHG ZLWKLQ WKH $(3 IORRG 1}
VWUXFWXUHY DUH SURSRVHG WR KDYH D EDVH GLDPHWHU RI P ZLWK
GUDZLQJY SUHVHQWHG LQ $SSHQGL[ ' $V D UHVXOW RI WKH VWUXFWXUH
IROORZLQJ LPSDFWV PD\ RFFXU

¥ OLORU LQFUHDVHY LQ IORRG OHYHOV XSVWWHKHD®RFIDWL B R FRUXIIHR/SRV H(
WUDQVPLVVLRQ OLQH VWUXFWXUHYVY ZLWKLQ WKH FUHHN PD\ KDYH D PL
ZLWKLQ WKH ZDWHUZD\V GXULQJ WKH RSHUDWLRQDO OLIH RI WKH VWU
OHYHOV DUH OLNHO\ WR EH PLQRU GXH WR WKH H[SDQVLYH IORRGSOD|
DQG WKH UHODWLYHO\ PLQRU UHGXFWLRQ LQ IORZ DUHD UHVXOWLQJ I
QXPEHU RI P GLDPHWHU WUDQVPLVVLRQ OLQH VWUXFWXUHYV ZLWKL
:KHUH SRVVLEOH WKHVH VWUXFWXUHY KDYH DOVR EHHQ ORFDWHG RX
WKLV ULVN RU LQ DUHDV RI ORZ K\GUDXOLF HQHUJ\ ZKLFK OLPLWV WK
IORRG EHKDYLRXU ,W LV H[SHFWHG WKDW LPSDFWV ZLOO EH ORFDOLYV
UHVXOW LQ FKDQJHV WR WKH EURDGHU IORRG H[WHQW 5HFRPPHQGDW
LPSOHPHQWHG ZLOO DOVR UHGXFH WKH QXPEHU RI VWUXFWXUHYV ZLW

SUHVHQWY WKH HVWLPDWHG UHGXFWLRQ LQ DYDLODEOH IORZ DUHD

WUDQVPLVVLRQ OLQH VWUXFWXUHY DQG WKH HVWLPDWHG LQFUHDVH L
DVVHVVPHQW

7TDEOH (VWLPDWHG UHGXFWLRQ LQ IORZ DUHD DQG UHVXOWLQJ ZDWHU OHY

/IRFDWLRQ

(VWLPDWHG UHGXFWLj (VWLPDWHG ZDWHU OHYH/(
DUHD P

&RRQJDQ 5LYHU # 373 6WDJH

&RRQJDQ 5LYHU # $OWHUQDWLYH
$OLIQPHQW

&DPHO &UHHN # 373 6WDJH

*OHQ +HUULQJ &UHHN # 373 6WDJH

6KDZ 5LYHU # 373 6WDJH

T 6FRXU SRWHQWHDERFDWLRQ RI VWUXFWXUHYV ZLWKLQ D ZDWHUZD\ ZLO(
FDXVH ORFDOLVHG VFRXU DURXQG WKH VWUXFWXUH GXULQJ WKH RSHL
GHJUHH RI ORFDOL]HG VFRXU ZLOO EH GHSHQGHQW RQ D FRPELQDWLR

B3LOEDUD 'HFDUERQLVDWLRQ 6WXG\ 373 6WDJH %DVHOLQH
+\GURORJ\ DQG ,PSDFW $VVHVVPHQW 5HY GRF][
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SURSRVHG VWUXFWXUH ORFDWLRQV DQG K\GUDXOLF HQHUJLHV 7KH F}
JHQHUDO DYRLG RU FRXOG EH UHORFDWHG WR DYRLG VHH 6HFWLRQ
SRWHQWLDO KLJK YHORFLW\ DUHDV :KHUH KLJK VFRXU SRWHQWLDO
SURWHFWLRQ PHDVXUHV VXFK DV URFN SURWHFWLRQ ULSUDS FDQ EH |
PLWLJDWH WKH SRWHQWLDO LPSDFW RI VFRXU RQ WKH VWUXFWXUHV W
HQYLURQPHQW

f $OWHUDWLRQV WR IORHA BEQOWEXVLRQ RI WUDQVPLVVLRQ OLQH VWUXFW X
WR DOWHU WKH QDWXUDO IORZ RI ZDWHU SRWHQWLDOO\ OHDGLQJ WR
QHZ DUHDV GXULQJ WKH RSHUDWLRQDO OLIH RI WKH VWUXFWXUHV ,Q
ORFDWHG RXWVLGH RI WKH WKDOZHJ DQG DUH XQOLNHO\ WR LPSDFW F
ORFDWLRQ RI 3DG ZLWKLQ *OHQ +HUULQJ &UHHN DQG 3DG ZLWKL
LOWHUVHFW WKH ORZ IORZ FKDQQHOV DQG KDYH WKH SRWHQWLDO WR
DOO HYHQWYV W LV UHFRPPHQGHG WR UHORFDWH WKHVH SDGV RQWR

$(3 IORRG H{WHQW 2WKHU UHFRPPHQGDWLRQ WR UHGXFH WKH QXPE
$(3 IORRGSODLQ DQG WKH SRWHQWLDO IRU DOWHUDWLRQV WR IORZ

¥ SHIHWDWLRQ .PSODFWOHDULQJ RI YHIJHWDWLRQ UHTXLUHG IRU WKH FRC
WUDQVPLVVLRQ OLQH PD\ KDYH DQ LPSDFW DW DQG DURXQG WKH SDG
UHSUHVHQW D VPDOO SRUWLRQ RI WKH FUHHN DQG DUH QRW GHQVHO\
H[SHFWHG YHIJHWDWLRQ LPSDFW ZLOO EH WHPSRUDU\ DQG DQ\ PLQRU
WR EH UHVWRUHG ZLWKLQ D VKRUW SHULRG

¥ :DWHU 4XDOTIKHUH LV QRW H[SHFWHG WR EH VLIJQLILFDQW LPSDFW RQ
FROQVWUXFWLRQ RI WUDQVPLVVLRQ OLQH VWUXFWXUHV %ULHI LQFUHD
D UHVXOW RI FRQVWUXFWLRQ DFWLYLWLHYVY EXW LQ WKH FRQWH[W RI (
WKLV LPSDFW LV H[SHFWHG WR EH QHDU LQWDQJLEOH DQG FRXOG EH |
VWDQGDUG FRQVWUXFWLRQ SKDVH HURVLRQ DQG VHGLPHQW FRQWURC

2XWVLGH WKH ZzDWHUZD\ FURVVLQJV LQYHVWLJDWHG LQ WKLY EDVHOLQH
WKH 373 WUDQVPLVVLRQ OLQH LV ORFDWHG LQ FDWFKPHQW KHDGZDWHU
2WKHU ZDWHUZD\ FURVVLQJV RI WKH WUDQVPLVVLRQ OLQH ZLOO EH PLQT
VXUIDFH ZDWHU PDQDJHPHQW SODQV DV UHTXLUHG

3LOEDUD 'HFDUERQLVDWLRQ 6WXG\ 373 6WDJH %DVHOLQH
+\GURORJ\ DQG ,PSDFW $VVHVVPHQW 5HY GRF]
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&RQFOXVLRQ

7KLV VWXG\ UHSUHVHQWY D EDVHOLQH DVVHVVPHQW RI WKH K\GURORJLF
WKH PDMRU ZDWHUZD\ FURVVLQJV IRU WKH 373 7UDQVPLVVLRQ OLQH DQ
SURYLGHG E\ )RUWHVFXH DW &RRQJDQ 5LYHU 7KH DVVHVVPHQW XQGHUW
DYDLODEOH GDWD UHJLRQDO K\GURORJLF FKDUDFWHULVDWLRQ RI WKH [
PRGHOOLQJ 7KH PHWKRGV DQG GDWD DGRSWHG DUH FRQVLVWHQW ZLWK
ODWHVW LQGXVWU\ JXLGDQFH RQ WKH GHULYDWLRQ RI K\GURORJLFDO H\

7KH IROORZLQJ FRQFOXVLRQV ZHUH IRXQG DV D UHVXOW RI WKH VWXG\

s

6L[ ZDWHUZD\ FURVVLQJYV ZHUH VHOHFWHG IRU LQYHVWLJDWLRQ EDVH
WKH OLNHOLKRRG RI WUDQVPLVVLRQ OLQH VWUXFWXUH VA\VWHPV EHLQ
ZLWK WKH VWDQGDUG P VSDFLQJ

$ UHILRQDO K\GURORJLFDO DQDO\VLYV ZDV FRPSOHWHG IRU WKH 6KDZ
FDWFKPHQWYV ZLWK WKH DLP RI VHOHFWLQJ HPSLULFDO ORVV SDUDPH\
K\GURORJLFDO PRGHOOLQJ ZDV FRPSOHWHG IRU WKH &RRQJDQ 5LYHU
JDXJH DQG WKH 6KDZ 5LYHU DW WKH 1RUWK 3ROH OLQH VWUHDP IORZ .
ZHUH VHOHFWHG IRU HDFK FDWFKPHQW ZKLFK SURYLGHG VLPLODU HVYV
HYHQW DQG RWKHU HYHQWYV ZKHUH SRVVLEOH (PSLDREDOPPRWNY YDOXHE
ZHUH VHOHFWHG IRU WKH &RRQJDQ . %L¥YEG DB RUIRWPWKH 6KDZ 5LYHU
7KH ORVVHVY SURYLGHG VXLWDEOH HVWLPDWHYV IRU WKH $(3 EDVHG F
WKRXJK XQGHUHVWLPDWHG IORZV IRU ORZHU PDIJQLWXGH HYHQWY DQC
IORzZV LQ ODUJHU PDJQLWXGH HYHQWY EDVHG RQ ))$ HVYWLPDWHV W
IORZ HVWLPDWHYV IURP WKH ))$ DUH WKHPVHOYHYVY VXEMHFW WR VRPH X
RI UHFRUG DQG XQFHUWDLQWLHY DURXQG UDWLQJ TXDOLW\

7KH HPSLULFDO ORVVHY GHULYHG DERYH ZHUH DSSOLHG WR ORFDOLYV
K\GURJUDSKY DW WKH VL[ VHOHFWHG ZDWHUZD\ FURVVLQJYVY $ FRPSDU
FRPSOHWHG DQG ORZ PDJQLWXGH HYHQWYV XS WR WKH $(3 HYHQW &
$(3 6KDZ 5LYHU ZHUH VFDOHG WR ))$ HVWLPDWHY IURP WKH UHOHYDC

+\GUDXOLF PRGHOOLQJ ZzDV FRPSOHWHG WR GHWHUPLQH WKH K\GUD X
ZDWHUZD\ FURVVLQJV RI LQWHUHVW $ OLVW RI WKH WUDQVPLVVLRQ O

$(3 IORRG H[WHQW LV SUHVHQWHG EHORZ ZLWK GHWDLOHG K\GUD XC
6HFWLRQ

¥ &RRQJDQ 5LYHU DW 373 DOLJQPHQW = 3DG DQG
&RRQJDQ 5LYHU DW DOWHUQDWLYH DOLJQPHQW + 3DG DQG
&DPHO &UHHN DW 373 DOLJQPHQW *= 3DG DQG

*OHQ +HUULQJ &UHHN DW 373 DOLJQPHQW * 3DG DQG

H +H+ ++ +H

6KDZ 5LYHU DW 373 DOLJQPHQW * 3DG DQG

3LOEDUD 'HFDUERQLVDWLRQ 6WXG\ 373 6WDJH %DVHOLQH
+\GURORJ\ DQG ,PSDFW $VVHVVPHQW 5HY GRF]
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*HQHUDOO\ WKH ORFDWLRQV RI WKH SDGV DQG SURSRVHG WUDQVPLYV
ZHUH ORFDWHG RQ WKH IORRG SODLQ RI WKH ZDWHUZD\ FURVVLQJV D
YHORFLWLHY DQG GHSWKV H[SHULHQFHG LQ WKH PDLQ ORZ IORZ FKDQ

$ VHQVLWLYLW\ DQDO\WLY WR DFFRXQW IRU SRWHQWLDO FOLPDWH FKI
K\GUDXOLF URXJKQHVV UHVXOWLQJ IURP GLIITHULQJ YHIJHWDWLRQ FRQ(
UHVXOWY LQGLFDWH WKDW VRPH FURVVLQJY ZHUH PRUH VHQVLWLYH W
LQ SHDN ZDWHU OHYHOV ZHUH SUHGLFWHG LQ WKH &RRQJDQ DQG 6KD:
H[SHFWHG WKDW WKHVH FKDQJHYV ZLOO UHVXOW LQ DGGLWLRQDO SDG!"
IORRGSODLQ ZLWK WKH H[FHSWLRQ RI WKH $OWHUQDWLYH &RRQJDQ 5
LPSDFWHG LQ WKH 5&3 &OLPDWH &KDQJH VFHQDULR

$ TXDOLWDWLYH LPSDFW DVVHVVPHQW ZDV FRPSOHWHG IRU WKH SURSE
DOLIQPHQW DQG DVVRFLDWHG VWUXFWXUHYV 7KH LPSDFW DVVHVVPHQ
SRWHQWLDO LPSDFWYV

¥ &KDQJHV LQ ZDWHU OHYHO 7KHUH LV SRWHQWLDO IRU FKDQJHV LQ
SURSRVHG VWUXFWXUHV W LV H[SHFWHG WKDW GXH WR WKH H[SDC
FURVVLQJY DQG WKH UHODWLYHO\ VPDOO VL]H RI WKH VWUXFWXUHYV
ZLOO EH ORFDOLVHG DQG PLQRU

¥ 6FRXU SRWHQWLDO 7KHUH LV SRWHQWLDO IRU VFRXU WR RFFXU DW
IORRG HIWHQW 7KH ORFDWLRQ RI WKH SROHV DUH RXWVLGH RI WKH
WKH SRWHQWLDO IRU VFRXU LQ VPDOO WR PHGLXP HYHQWYV 6FRXU
EH PDQDJHG WKURXJK WKH XVH RI URFN SURWHFWLRQ DQG RWKHU C

f $OWHUDWLRQV WR IORZ SDWKV 'XH WR WKH UHODWLYHO\ VPDOO IR
EURDGHU IORRGSODLQ LW LV XQOLNHO\ WKDW WKHUH ZLOO EH VLJ(
3DG DQG 3DG PD\ HQFURDFK RQ ORZ IORZ FKDQQHOV DQG PD\ I
PRYHG WR SUHYHQW VFRXU DQG DOWHUDWLRQV WR IORZ SDWKYV

¥ 9HIHWDWLRQ LPSDFW 7KH FXUUHQW ORFDWLRQV RI WKH SURSRVHC
Rl DUHDV RI KLJK YHIJHWDWLRQ GHQVLW\ W LV XQOLNHO\ WKDW WK
WR ULSDULDQ YHIJHWDWLRQ

¥ :DWHU 4XDOLW\ 7KHUH LV QRW H[SHFWHG WR EH D VLJQLILFDQW LP
UHVXOW RI WKH WUDQVPLVVLRQ OLQH VWUXFWXUHY EHLQJ ORFDWH!
,QFUHDVHG VHGLPHQW ORDGVYV PD\ RFFXU DV D UHVXOW RI FRQVWUX
DGHTXDWHO\ PDQDJHG WKURXJK VWDQGDUG FRQVWUXFWLRQ SKDVH
SULQFLSOHYV

3LOEDUD 'HFDUERQLVDWLRQ 6WXG\ 373 6WDJH %DVHOLQH
+\GURORJ\ DQG ,PSDFW $VVHVVPHQW 5HY GRF]
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5SHFRPPHQGDWLRQV

%DVHG RQ WKH UHVXOWY RI WKH EDVHOLQH K\GURORJ\ DQG K\GUDXOLFV
DVVHVVPHQW WKH IROORZLQJ UHFRPPHQGDWLRQY DUH SURSRVHG IRU L

s

7KH ORFDWLRQ RI 3DG ZLWKLQ *OHQ +HUULQJ &UHHN DQG 3DG ZL
LOWHUVHFW WKH ORZ IORZ FKDQQHOV DQG KDYH WKH SRWHQWLDO WR
UHFRPPHQGHG WR UHORFDWH WKHVH SDGV RQWR WKH IORRGSODLQ RLU
HIWHQW 7KLV FDQ EH FDWHUHG E\ PRYLQJ WKH VWUXFWXUHYV ZLWKLQ
VSDQ )LJIXUH SUHVHQWY WKH DOWHUQDWLYH VSDFLQJ SRWHQWLDC

%DVHG RQ DGYLFH IURP )RUWHVFXH (QHUJ\ WKH VSDQ IRU WKH WUDQ
WR P DW VSHFLILF ORFDWLRQV 7KLV LV UHFRPPHQGHG IRU WKH &R
&URVVLQJIJV RQ WKH 373 $OLJQPHQW )RU WKH 6KDZ 5LYHU WKH SDGV \
VSDFHG DW P WR DYRLG WKH KLJK YHORFLW\ DQG GHSWK DUHDV DV
JRU WKH &RRQJDQ 5LYHU WKH LQFUHDVH LQ VSDQ GLVWDQFH FDQ EH
VWUXFWXUHY EHLQJ ORFDWHG ZLWKLQ WKH $(3 IORRG H[WHQW 7KH
FRXOG EH ORFDWHG RQ WKH LVODQG IRUPHG E\ WKH ELIXUFDWLRQ RI |
DVVRFLDWHG ZLWK 3DG 7TKHUH LV VWLOO OLNHO\ WR EH RQH VWUXI
WKH HDVWHUQ VHFWLRQ RI ULYHU H[WHQW LV JUHDWHU WKDQ P 7K
DYRLGLQJ KLJK ULVN DUHDV VXFK DV ORZ IORZ FKDQQHOV DQG DUHDV
VROXWLRQ LV SUHVHQWHG LQ )LJXUH 7KLV FRXOG DOVR EH LQFRU
FURVVLQJ WR UHGXFH K\GUDXOLFV H[SHULHQFHG DW 3DG DQG )L

JRU WKH DOWHUQDWLYH DOLJQPHQW LW LV UHFRPPHQGHG WKDW WKH
XWLOLVHG RYHU WKH &RRQJDQ 5LYHU 7KLV ZLOO DOORZ IRU RQH VWU

$(3 IORRG H{WHQW RU ERWK VWUXFWXUHV WR EH H[SRVHG WR UHGX
YHORFLWLHY $Q H[DPSOH RI WKH UHORFDWLRQ LV SUHVHQWHG LQ )LJ

7TKHUH DUH WZR SRWHQWLDO FURVVLQJ ORFDWLRQV IRU WKH *OHQ +H|
DOLIQPHQW 7KH HDVWHUQ DOLJQPHQW LV SUHIHUUHG DV WKH DOLJQF
$OWHUDWLRQV WR WKH ZHVWHUQ DOLJQPHQW ZRXOG EH UHTXLUHG WF
VWUXFWXUHV ZLWKLQ WKH KLJK HQHUJ\ IORZ SDWKV 3RWHQWLDO ORF
SDG VWUXFWXUHV LV SUHVHQWHG LQ )LJXUH

%DVHG RQ WKLV EDVHOLQH K\GURORJ\ VWXG\ DQG LPSDFW DVVHVVPHC(
GLVFLSOHVY WKH DOWHUQDWLYH DOLJQPHQW SURYLGHV D URXWH ZLW|
ZLWK VLJQLILFDQW FUHHN FURVVLQJV ZLWK RQO\ WZR SDGV UHTXLUHC
WKH FURVVLQJY LQYHVWLIJDWHG 7KH PDLQ DOLJQPHQW ZLWK WKH UHF
VWLOO KDYH XS WR IRXU SDGV ORFDWHG ZLWKLQ WKH $(3 IORRGSOD

*HRWHFKQLFDO DQG JHRPRUSKRORJLFDO LQYHVWLIJDWLRQ LV UHFRPP|
FKDQQHO PLJUDWLRQ SDWKZD\V ZKLFK PD\ LPSDFW WKH RXWFRPHV RI
SDUWLFXODUO\ UHOHYDQW WR ORFDWLRQV ZKHUH SROH ORFDWLRQV C

3LOEDUD 'HFDUERQLVDWLRQ 6WXG\ 373 6WDJH %DVHOLQH
+\GURORJ\ DQG ,PSDFW $VVHVVPHQW 5HY GRF]
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JLIXUH SRWHQWLDO PRGLILFDWLRQV IRU 3DG

DQG

DW *OHQ +HUULQJ &URVVLQJ

3LOEDUD 'HFDUERQL 373 6WD %DVHOLQH +\GURORJ\ DQG ,P¢ 5HY G
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YLIXUH

SRWHQWLDO UHORFDWLRQ RI 3DG

DQG 3DG

ZLWKLQ WKH 6KDZ 5LYHU ZDWHUZD\ FURVVLQJ

3LOEDUD 'HFDUERQL 373 6WD %DVHOLQH +\GURORJ\ DQG ,P¢ 5HY G
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JLIXUH SRWHQWLDO PRGLILFDWLRQV IRU 3DG

DQG

DW &RRQJDQ 5LYHU &URVVLQJ

3LOEDUD 'HFDUERQL 373 6WD %DVHOLQH +\GURORJ\ DQG ,P¢ 5HY G
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JLIXUH SRWHQWLDO PRGLILFDWLRQV IRU 3DG

DQG

DW &DPHO &UHHN &URVVLQJ

3LOEDUD 'HFDUERQL 373 6WD %DVHOLQH +\GURORJ\ DQG ,P¢ 5HY G



JLIXUH SRWHQWLDO PRGLILFDWLRQV IRU 3DG DQG DW WKH DOWHUQDWH FURVVLQJ RI &RRQJDQ 5LYHU

3LOEDUD 'HFDUERQL 373 6WD %DVHOLQH +\GURORJ\ DQG ,P¢ 5HY G



JLIXUH SRWHQWLDO ORFDWLRQV IRU SDGV RQ WKH DOWHUQDWLYH DOLJQPHQW *OHQ +HUULQJ &UHHN

3LOEDUD 'HFDUERQL 373 6WD %DVHOLQH +\GURORJ\ DQG ,P¢ 5HY G



SHIHUHQFHV

$GYLVLDQ (DVW 3LOEDUD *HQHUDWLRQ +XE %DVHOLQH +\GURORJ\ 6WXG

%DELVWHU 0 7ULP $ 7HVWRQL , DQG7KHWIXZOFMNOIODQ 5DLQIDOO DQ
'DWDKXEWK +\GURORJ\ DQG :DWHU 5HVRXUFHV 6\PSRVLXP 4XHHQVWRZQ 1

%DOO - %DELVWHU 0 1DWKDQ 5 :HHNV : HLQPDQQ ( 5HWDOOLFN 0 7H)
$XVWUDOLDQ 5DLQIDOO DQG 5XQRII $ *XL&SRPWRQDHRRGW(K/ WL BXWWROQOLD
*HRVFLHQFH $XVWUDOLD

%07 78)/2: &ODVVLF +3& 8VHU 0DQXDO

%XUHDX RI OHWHRUROMRH (VWLPDWLRQ RI BUREDEOH OD[LPXP 3UHFLSLWD
*HQHUDOLVHG 6KRUW "XUDWLRQ OHWKRG

%XUHDX RI OHWHRURORJ\ '"HVLJQ 5DLQIDOO 'DWD 6\VWHP 5HWULHYI
KWWS Zz7z7Z ERP JRY DX ZDWHU GHVLJQ5DLQIDOOV UHYLVHG LIG

&OLPDWH &KDQJH LQ $XVWUDOLD SHWULHYHG IURP
KWWSV Z7ZZ FOLPDWHFKDQJHLQDXVWUDOLD JRY DX HQ FKDQJLQJ FOLPD'
VFHQDULRY JUHHQKRXVH JDV VFHQDULRYV

'"HSDUWPHQW RI 3ULPDU\ ,QGXVWULHY DQG 5HIJLRQDO "HYHORSPHQW :HYV
'RPLQDQW VRLO JURXSV +LJKHVW SUREDELOLW\ UHWULHYHG IURP 'RPL
SUREDELOLW\ '3,5° '‘DWDVHWY GDWD ZD JRY DX

'HSDUWPHQW RI :DWHU DQG (QYLURQPHQWB®WHIURBXWIUWRPDOLDQ FOLPDW
SURMHFWRRGWQPHQW RI :HVWHUQ $XVWUDOLD

(XURSHDQ 6SDFH $JHQF\ (6% &RSHUQLFXV 2SHQ $FFHVV +XE UHWU
KWWSV VFLKXE FRSHUQLFXV HX GKXV KRPH

JODYHOO '"HVLJQ )ORRG (VWLPDWLRQ LQ :1BXWWUQ GXINVQVUDXXAL@DO RI :D
5HVRXUFHV

3HDUFH\ 0 3HWWHWW 6 &KHQJ 6 DQG .QRHVHQ ' (VWLPDWLRC
IRU XQJDXJHG FDWFKPHQWY LQ WKH 3LOEDUD 5HJLRQ RI :HVWHUQ $XVWU
+\GURORJ\ DQG :DWHU 5HVRXUFHYV 6\PSRVLXP JHEUXDU\ 3HUWK

6WHUQ + GH +RHGW * DEMHEWNVYWH FODVVLILFDWLRQ RISKX\NW WBI@WLDQ F
0DJ

6 XGPH\HU 5 &OLPDWH LQ WKMHXBQOBWULD '"HSDUWPHQW RI $JULFXOW
JRRG HVWHUQ $XVWUDOLD 3HUWK

3LOEDUD 'HFDUERQLVDWLRQ 6WXG\ 373 6WDJH %DVHOLQH
+\GURORJ\ DQG ,PSDFW $VVHVVPHQW 5HY GRF]
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$SSHQGL[ %% 3HDN IORZ HVWLPDWH FRPSDUL\
&RPSDULVRQ RI GHVLJQ IORZV WR UHJLRQDO
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$SSHQGL[ & )ORRG ORGHOOLQJ 5HVXOWYV
JORRG 'HSWK DQG 9HORFLW)\ 0DSV IRU D

B3LOEDUD 'HFDUERQLVDWLRQ 6WXG\ 373 6WDJH %DVHOLQH +\GUROR® DQG ,P¢
$VVHVVPHQW 5HY GRF][
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$SSHQGL[' 7UDQVPLVVLRQ OLQH GUDZLQJV
*HQHUDO DUUDQJHPHQW IRU WUDQVPLVVLRQ

B3LOEDUD 'HFDUERQLVDWLRQ 6WXG\ 373 6WDJH %DVHOLQH +\GURORJ® DQG ,PE
$VVHVVPHQW 5HY GRF][



