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&KDOOHQJHV LQ 6WULS OLQLQJ RI 6RGLXP 6XO0OID
LQ OLJBEOR\D $UDN (QYLURQPHQWDO ,PSDFWV D
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$EROID]O $KGRIHFLRW DD B)B U DMPW EKDGLPL

'"HSDUWRIHQWLQJ (QJLQHHULQJ $UDN 8QLYHUVLW\ RI 7THFKQRORJ\ $UDN ,UDQ

$UWLFOH ,QIR $EVWUDFW

7KLV ZRUN LQYHVWLIJDWHYV WKH H[WUDFWLRQ RI VRGLX
D\D LQ $UDN ,UDQ ZKHUH ERUHKROHY ZHUH GULC

S5HFHLYHD& XD U\
S5HFHLYHG LQ 5HYDJWHX IR:%JQ

UHYHDOHG D KHWHURJHQHRXV OLWKRORJ\ GRPLQDWHG
$FFHSW#SWLO OLUDELOLWH 1D BPWK+DZHUDJH VRGLXP VXOIDWH FRQFF
3XEOLVKHG RIQUQAIOQH UDQJLQJ:IUPKG SHDNLQJ DW LQ ORFDOL]HG VRXWKZ

SOD\DTV VXUIDFH IFRYSHUUWROGULO\ FOQO\LQWHUEHGGHG ZLV
IDFLHV LQFOXGLQJ *\SVXPPtRABUWEYV DD NRQDRQDIMWHH U |
+ OV IURP D ZDVWHZDWHU W U H D VGRHHHGEWH BV D MV LWVRR)J

2, MPH SLWV DQG JUDYLWDWLRQDO GUDLQDJH KDYH UHVXOWH:¢
_H\ZRUGV VRXWKHUQ ODNH DUHD DQG D QHDQRIX D 6 WIHIBAKEJWIDRSK LR

DQDO\VLV IXUWKHU LQGLFDWH Y SXULH NODWEGHISW KVORNH |
EHGLPHQWDU\ IDFLHV P LQ FRQWUDVW ZLWK WOK WUMNEH.O IL\W 8 XVUHHT XGI X ENVU X8 |
*ODXERUUWEOLWH SUHVHQW EHWZHHR) 7R PLWLJDWH W KHY H QFVKIBDUTHAH & \
ERGLXP VXOIDWH HQJLQHHULQJ DSSURDFK LV SURSRVHG WKDW LQFOXGH!

PRLVWXUH FRQWHQW RI WR VRODU HYDSRUDWLRQ SF

(IWUDFWLRQ SRQGV SXPS VOXUU\ VIVWHPV IRU WDLOLQJV PDQDJHPHQW DQG

$UDN OLUEDQQH ODNH WKRXJK UHWDLQLQJ ZDOO V2 PO® \ZX QMAH W KEDW GHQ U B QI H YHH
HIILFLHQF\ B\Q KERQFHQWUDWLRQ JRQHV 7KHVH DGDSWL
LOQFRUSRYDWK@EULQH OHDFKLQJ DQG DGYDQFHG ZDVWHZE
WR PHHRY ,UDQYV DQQXDO VRGLXP VXOIDWH GHPDQG IURF
ZKLOH UHGXFLQJ HOQYL

,QWURGXFWLRQ

6DOLQH ODNHV WKDW GR QRW KBRAKP XFRPEUDREMBIH DG QJ WHPSH
KDYH D JHQWOH WRSRJUDSKLFGVPIRBHWKZBLFKUKDYH OO FDXVHG
G\QDPLF HQYLURQPHQWYV XQGH Us MWKH WO DQYOMOALFRQ RRWKHKHVH ODNHYV
SUHYDLOLQJ FOLPDWH DQG ZHDMKRD WIRRQE LRV LRRFHRIQ WKIHOLQH EDVI
UHJLRQ DQG WKH VDOW GHSRYHRRKHRMWIOL®D FRRERVDWHRQ RI VDOL
IRUPHG XQGHXHQWVKH RIQWKH SUHSMWDORQJ YDULDWLRQVPLQEUWRY HYD:
JHRFKHPLFDO FRQGLWLRQV > \@SLADGQW KV URQWH @/GRRRIQID QWRP F
PDLQWDLQLQJ KLJK ZDWHU OHY H®Y S WKIHWE B\Q ¥ O DD WHGHR PRGOD\WY MU W F
HOHYDWHG DONDOLQLW\ W\SLFBR&PS RMLWXRWY VL @ W SDKN HS RWL SKH U\
DEVHQW SODQW FRYHU > @ 7KW\ DWNHROQHHRYHW KR QDRWON LPSRUV
ILOOHG ZLWK ZDWHVYV BXWLRIWHKMGCIMUDRE IRXQG LQ WKHVH ODNHV S
XS GXULQJ DULG VHDVRQV > @ L@HWKBLQ/WEIOAHQMWODNHSURFHVVHYV
UHPDLQ SHUSHWXDOO\ GU\ VHUQYQHRWRUHPQD@WYKRVH ODNHV RI\
SOXYLDO ODNHV IRUPHG GXULQDWOWRHD ORZHYVIVR SR IZEWEY Rl GHVHUW
UDLQIDOO ZDV PRUH DEXQGDQW > @ $V WKH +RORFHQH

E &RUUHVSRQGLQD @LPW KR UD)NXW @A L U
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GHSUHVVLRQV VHUYH DV YLWD @ HSHGL\PH@OWLIDQ\ EDTYURM PRWH O\ RI
HYDSRUDWH PLQHUDO DFFXPXODDUIHDQ PQG @XOILOOV RI WKH QD

+XPDQ DFWLYLWLHV KDYH VLIJGHRBFQQWQWUQFMXIHQFHRGHUDWLRQV D
VDOLQH ODNH HFRV\VWHPV S®HSWIKXODUOPHWKURXDRG DUH W\SLF
DOWHUDWLRQV WR ZDWHU TXDORWH D QB RI)WWK] GW L RGE 6\RSTOLZ®LQJ ODV
VXOIDWH H[WUDFWLRQ PHWKR®WOY MUXW KD REDNOOFWHGM W RGLXP V
GHSHQGLQJ RQ WKH GHSRVLW VWUDROFRRFWHE GR ULBPQWKHG PLQH VLWHE
WKH HPSOR\H& SURFHMVFLHQWIDFL®LW\ DSSUR[LPDWHO\ NLORPHW
HQYLURQPHQWDOO\ FRPSDWLE OB HPGHWPRGNG LIDFKHWG/HURDG 8SRQ DUUL

X 1HDAXUIDFH H[WRDFRWMRIQQJ vﬁlé'\ﬁtHRHOGOé;XVKJ DWIT<IIQ-|LVUV:/—|>I§>UR|_Y|DFORQRV\|/H\(/D)¥
VXOIDWH IURP VKDOORZ OD\HUV, _ ) Q

WDLOIKQFK BUH GHSRVLWHG LQ GHVL.
x 'LVVROXWLRQ WHFXWNIQHV GHHMRHUSULPDU\ VRGLXP VXOIDWH GHSR\
GHSRVLWV E\ GLVVROYLQJ VRGWHPY WHOHPMly PRFW LRQ SURFHVV WD
SXPSLQJ LW WR WKH VXUIDFH wKH PLQLQJ VLWHV WR PLQLPL]H |
X %ULQH H[@WDEMLRQ ZHOOV WRLHYDBWW BUI@H
IURP HYDSRUDWH VHGLPHQWYV L@ MNIKOL.QH DDWHWODXOWHG LQ D FOR
> @ DUHD LV VXSSOLMGUE) WHHDAIDUD DQG

,Q &DQDGD VRGLXP vxomwﬂlﬁ@ﬁ%kﬂ#%‘ﬁ%VuPNPZHoo DV SUHFLS
/IDNH $OEHUWD E\ FROOHFWLQJ “® WY vB bYW ERVW W DR P WKH <
IURP ERWWRP OD\HUV DQG SXxP$XBIOIBWHWHBXEEKRWHU IORZV F
ZDWHU WR SURFHVVLQJ SODQWW WB@D®6\§PNEWW42DQ@ 7KH HVWDE
SURGXFHUV SXPS EULQH GLUHF D D V\é*@g&; VRGLXP VX
FU\WWWDOOL]DAKILR® WO QMKH 8Q LWHRER WwbWHYRPHZKDW DOWHUHG WK
PLQHUV GLVVROYH EULQH LQ VIRROCRILRBE W PMyRRWKH ODNH D
6RPH UHJLRQV LQMHFW KRW zrﬁ\/@HéDK\‘gﬁWRTé@i Wy DR WwDWHU OHY
OD\HUV H[WUDFWLQJ VDWXUDWRHEHS pYRy BIH &QFHY MWHEHAMIE VDR O X W
ZKLFK DUH VXEVHTXHQWO\ FRROLFPGS‘B@(% IQU\(V@/D%_UB}IH'C PQ\?\?"RU LPSDF
6SDLQ D EOHQG RD O/RGIPX ¥ X100 SWYUWXHYEDQFHV KLIKOLJKW WKH FULW
REWDLQHG WKURXJK XQGHUJ%%W%@ %\jg\wwmw VWUDWHJILHV Wi
HPSOR\LQJ WIEBLORRE PLOLQJ WHWRRXVWDLQDELOLWY RI WKH ODNH
7KHVH UFMSHRIQLF SUDFWLFHV XxQGHUAERYN RkRY WR FKDUDFWHULIJ
DGDSWDELOLW\ RI VRGLXP VX0 IDVRH YPWYDRRERP Wi Vo RHDYRGLXP A
JHRORJLFDO DQG HFRQRPLF FRd)GLI:]\W@%(\?I\PN VVHVV WKH VXUIDFH I

7KH HIWUDFWLRQ RI VRGLXP VvXd\'oW L YRG IR L ¥ X@IPWH GHSRVI
GLVWLQFWLYH IHDWXUHV VKDSHPFW RIOWYPHY\O-RQ DFWLYLWLI
FRQGLWLRQV GHSRVLW IRUPDWIRGHQY BEERRRFVIDGGUHVYV
QDWXUH DQG WKLFNQHVV RI WKRK PEmAEY L WKDOORZ
RI NQRZQ GHSRVLWY DUH ORFDWH %'\FJRH §QW\P*LL{JQ|5|J|-\P'RQDJH GXULC
ODUND]L GHPQD 4RP SUHGRPL%%% R\ UDWLQJ JHRORJLI
4XDWHUQDU\ VHGLPHQWV > @ PQ& WRUVARQYHHRMIAP DQDO\WVHV Wi
VRGLXP VXOIDWH LV IRXQG DWIRNV{W BEHGHp FRPRUHKHQVLY!
H[HPSOLILHG E\ GHSRVLWYV LQZng(%NPbQ RBNFPO FRPSRVLWLRQ

8QOLNH PDQ\ GHSRVLWV ZRUOGZH® R\A‘:‘ﬁHB{ bRSW Q %BPFP(R,HQJHV DVV|
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LQ WKHVH DUHDV DUH H[FHSWEREMDWI HWY BFWEF ZKLOH SURS
WKLFNQHVVHV UDQJLQJ IURP VHEAEWLRPRAWHWYE WRWPIDWH WKH HQ
PD[LPXP RI  PHWHUV 7\sLFDO oW HHKSHFRP RYVFEH\Y DULVLQJ TURP PL

DQG VLOW LV SUHVHQW ERWK D ERKHMHFE DEWloR A QuidiY RR B @ ¥V
VXOIDWH GHSRVLW ZLWK WDLOL FNQHV.V YDU\LQJ IURP

FHOQWLPHWHUV WR PHWHUYV SQ%&%LRJ\% 5HJRQ

'XH WR WKH UHODWLYHO\ ORZ 7W K LFAIN@BGY ERN VOKHY FKDUDFWHUL!
GHSRVLWVY DQG WKH DVVRFLDWBHGF VHGWPHROR J MEKOH VRWASBWLRQV  V
PLQLQJ PHWKRG SOW\HUHSURISHRPEQMN WR' WKH OHVR]RLF HUD 'XULQ:
HPSOR\HG $W OLJKDQ /DNH VRGUXRG/X@WKMHVHHOWUDO ,UDQ JRQH I
H[WUDFWHG IURP NRQR P HWIHXD UBU H D
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6LUMDQ JRQH ZHUH FRPSRVHG RHYPSIWRRQ\ORFRKROBBIGFISOLPDULO\ G
XQLWV LQFOXGLQJ VFKLVW VD QGHS\RF R @H W\KK. QFOMK\F DEMPR/QIHW AK H ED V F
DQG GRORPLWI)EJOUFRHESWRQHFD@®®H 3DOHRJHQH SHULRG LQ WKH OLJ¥
WKH ORZHU -XUDVVLF SHULRG IHRWRHEBG KK DOHG VBOGWWRQKD GHSRYV
DQG GDUN JUD\ VODWH ZKLOHFWR@®HORPEGDWI®ORBDWWHREVWRQH DQG
SHULRG ZDV GRPLQDWHG E\ VKD.PHI VDAORR IV DKNRY R QBIORGHY GHSRVI
IRUPDWLRQV 7KH XSSHU -XUDV\PFU®H WIIREGYMROBURBGFDUHRXV VDQ
E\ WKH SUHYDOHQFH RI GRORPUW®WLEXRPDPHMWHRQGLPHVWRQH DQG
2YHUQJ WKHVH -XUDVVLF URFNVDRGH WK & WHWDIFKN W KV D/Q & KU D\ W X
IRUPDWLRQV ZKLFK KDYH EHHQ WUD@MLWRRQY AURPIHEFMH GRFHQH WR V
E\ WHFWRQ L FL CDFFOMLGALQVL HW X V KLFQUL RO & DZ WKH GHSRVLWLRQ RI UH
IUDFWXULQJ DORQJ WKH PDLQ BGHMEMDWIMWHIO /GIG LFDHOQWKW EFROOHFWL Y H
IDXOWYV DQG VHYHUDXD WV RKHD &RGHWUEP DWLRQ 7KLV IRUPDWLRQ IR
&UHWDFHRXV SHULRG FRPSULMWPHQARRNORPHUDWRHXY OLPHVWRQH
VDQGVWRQH DQG OLPHVWRQH ZIRPKRIPD WLRRIR ALIQFIOX GHWH FRQJORPH
PLGGOH &UHWDFHRXV SE\ULRI\ LY\ $KOR DEMHY LPHE VDQGVWRQH 7KH
DQG GDUN 2UELWROLQD OLPHVWRQH DBZBREWH ULKHG XBSHWKH 8SSHU 5
&UHWDFHRXV SHULRG FRRUDREZWRQVYUDWDQ G FHRIBHSUW 8 FDRGKN WR Q H
OLPHVWRQH ERXQGHG E\ WKH 7FBDY W HIQ D X OWWZHWDKLE UWK HRT FRQJC
6D QD ®GDMD Q LJRQUIHH HYDSRUDWH UHSUHDMDROWL@DJIJRRQ W

'XULQJ WKH 3DOHRJHQH SHULRGEBGRIP WEW V&HIQRKRLIEIQLILFDQW WKLFI
HUD PDJPDWLF DFWLYLWLHV LQFOXGLQJ YROFDQLF
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OLJKDQ /DNH ZDV D SHUPDQHQ®UBFRHOILWLUR G WRLYKHZDUPHU DQG
ODVW LFH DJH DSSUR[LPDWHO\&U\VWROOLQHHIMWWUYV ZLWKLQ WKH E
DJR 7KLV SHUVLVWHQFH FDQ EH HWVMHWYLBXWFIE DG WKIWLFXODU |
UHJLRQ V UHODWLYHO\ FROG FIODPB VEH HIQGHEREYWEQWIQDD FOLPDW
SUHFLSLWDWLRQ GXULQJ WKDWSSHWHEW >D@RXBEUWKROHDUO\ +ROF
DQDO\VH VHKDY®IH GU FIRIDQMH/GI DOOXYLDBDUV DKR OLJKDQ VHDVRQDO OD
VHGLPHQWY DW D GHSWK RI  PSWRRILQ HQWWD QWDWXKRELRULWRQDWLQJ
ILQQWDLQHG DOOXYLDO VHGLPHGWVLRGG KFRDAKIUN I JRD SBKIR[LPDWHO\
1HZ ,FH $JH LQ WKH QRUWKH$Q DRDADNI) D MOHOM FUXVW GRPLQDWH
ILQGLQJV VXJIJHVW WKDW VHG L PH@WHWPLLRAQWS-DOMW\HZBPS V KILA WRDGQ W | R |
GXULQJ DULG SKBVFNO MHMWGK FFKQMEID/QL RRNH VHUYHV DV WKH WHUPL
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VWUHDPV LQ WKH $UDN EDVLQ RRPH FHUPOFTHQWWSIRGG )XUWKHUPF
XS WR RQH NLORPHWHU LQWR UMKHL®EMHIVFRQWWQ XRXWVLQIORZ RI
1RWDEOH JHRPRUSKRORJLFDO |NBXUHH W B HWD WPH@WH SDQW RI $UDN
EHG LQFOXGH JURRYHV DQG KR OWHD/W R HDD/XILLQQ) IVRRPXW W R /' V LQ
PHWHUV LQ OHQJWK DQG PHWHSRUWY RQGRIK WKKL FKDNDHUH 7KLV LQIOR
OLQRHEKWM HPHUJHQFH RI VSULQDS SWQRW.HRID\WHRB WRRMDW DUHD RI OLJ

7KH OLJKDQ /DNH EDVLQ LV SULPP®MLOD BRY FRHB/UENUQQDYIEHVR XWK H T
AXDWHUQDU\ VHGLPHQWY FRPSUHYLRQWD VSHFWUXP RI
DOOXYLDO GHSRVLWV UDQJLQJ |URPHFRDIWAMHUWRRIXQFHHYURL@DWHU IRL
VLIHV ,Q WKH QRUWKHUQ DQG QRFW KB B VIWHRIRYV SR H WM RSIUMKHS LW DW
EDVLQ WKHVH VHGLPHQWYV RULYMQIHDH i UR PERMYWHQYUPKXBULQJIJV GLVSH
'RNKWDBDR.F EHOW DQG FRQVL\DW BRMG RKIHQORNWEHE DQG WKH GLVF
YROFDQLR UPRDMWEH PDWHULDOV VHRDBHQW UMIDMWPHQW SODQW )LJXUH
ORZHU 4XDWHUQDU\ GHSRVLWW[SHWMHQRMNMBAUGLWG VXPPHUV DQ
GHSRVLWV LQ WKH SODLQV DUH PDQWBUF¥REPBWRYXHIBQRIYHQBJH DQQXDO
JUDLQHG DOOXYLXP ZKLOH WRBGI RRWHMLHDSRUIWDWFEUDWH RI P
DOWHUQDWLQJ RFBEBQWYV FOOIQU IO IVINGUMSH e X ZHWK D KXPLGLW\ OHYHO
GHSRVLWV 7KH EXULHG ODNH GKSRWDNW FIRUUHMEIRHFG WRR D GU\
JODFLDO SKDVHV ZKHUHDV VDO WSPBURY KP®MSFROAL WDUG MR R IBAKU\G\ - X Q H
WKRVH SUHVHQW LQ WKH FXUUMR W DILGK DRY HIPNEHI U DDEG HQMR\V DQ
DVVRFLDWHG ZLWK LQWHUJODF IKIRX IB\H B L /&) VEE Q HWILER@)OIDADA \
HYDSRUDWLRQ EDVYIQVRRWP NG QAW WBNHV KD
ORZHU FORVHG SDUWV RI 4XDW .k

7KH OLJKDQ /DNH FDWFKPHQW
D VHDVRQDO ODNH VSDQQLQJ
E\ WKH 7DEDUWHK DQG 7DONI
HYDSRUDWLRQ EDVLQ OLJKDQ /I [FNSs
VDOW DQG VDOLQH VHGLPHQW\ [ s A A~ Y
EDVLQ ORFIVWHERUGHUGRUMEK®G [h e o
DQG &HQWUDO ,UDQ ]JRQHV SU}L [§
ILQQWDLQHG FOD\ DQG VLOW\ VH
ZLWK HYDSRUDWH GHSRVLWV 7
+DOLWH *\SVXP *ODXEHULWH
OLUDELOLWH > @

3793069
3793069

ODWHULDOV DQG OHWKRGV e
*HRJUDSKLFDO ORFDWLRQ s T

$UDN OLJKDI@MLQH /DNH LV ORKFXWHG $UDN FLW\ WUHDWPHQW SODQW
NLORPHWHUV QRUWKHDVW RI $UDN NI WRFBYEG/LQWEWMBXWWHDVW KD
DQ HOHYDWLRQ RI PHWHUV OLJKDQ /DNH UDQNV
DV RQH RI WKH KLJKHVW VDOW |0D\R/'VV‘863RFEJ\6Q VHFRQG RQO\
WR 6LUMDQ /DNH ZKLFK LV SRVLWY RRHCD DR | BRYWHIKNOHY HDFK Z|
DERYH VHD OHY HXQJHIK HOGBWHKXDWHY HEMMWIWHHDOHUH GULDOKG /DWW KH 0L

DQG NP8 ZLWK D SHULPHWHRKLERQJIJORAXERE ERWK WKH ODNH DQ
WR NP "XULQJ WKH ZHW VHDVRQUHNVKE LYPWHWUEBIGBSWIRP WKHVH ERU
YDULHV EHWZHHQ DQG FPVREWMRIYW KBG IMAR HOMM HUDORDLFDO DQE
VHFWLRQV RI WKH ODNH ZLWK WKHUDMHHLEDWH,B' W\BHRWXRSE LQ D
HYDSRUDWLQJ GXUIQJ7WHHO GNHMHRWRROPHQW 7KLV DQDO\VLV DLPHC(
VXUIDFH LV SUHGRPLQDQWO\ VZDEBBIUYHUDNOW CGHHYHOW LQFOXGLQJ
UHJLRQV OLUDELOLWH DQG *ODXEXULWH DO

,Q WKH UHFHQW \HDUV WKH BMWRPFEWWRIG RPILFRGDOR )LIXUH |
VXOIDWH IURP WKH FHQWUDO LVI®PRGLRIDWKHHWIONH GHRWLQHGDWLRQ |
ZLWK WKH IDLOXUH WR UHW XU Q pVgH GIHWAHREF ik DAVFH @/ KMP UOMWQ R RYRO D X |
WKH H[WUDFWLRQ DUHDV KDV UMHKVXRX HEHNMIRYKHRMUBRRWHRROH SUR
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FRQVWUXFWHG DQG RYHUODLG RFRROPHULVFNMXAKSDRWH[ARWHG'H ZDWHL
LQ GLITHUHQW GLUHFWLRQV 7KH MWXUDFMAH RZQ VERIQ) ® HYHHYOHEDW FRUUHF
PRQLWRUHG DQG UHFRUGHG LQSGRISRVHGWVRHDUBGXFHRWKHVH LVVXH

WR 7KH VRGLXP VXOIDWHIHFWH@FWRIRW K\H WRIGLXP VXOIDWH H
ZbDV DOVR LGHQWLILHG DQG DVVHVVHG IRU SRWHQWLDO
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5HVXOWYV /ILWKRORJLFDO GDWD IURP ERUI
$UDN OLJKDQ VRGLXP VXOIDWOHQBEYRGLYWIRHQWERQDO PRGHOLQJ

7KH WRSRJUDSKLFDO PDS R|.WW§&%§% DWH WKH YDULDWLRQ

RQV RI *ODXEH
LOQGLFDWHY D KHLJKW GLIIHUH L\H[WUDFWLRQ

PHWHUV DFURVV WKH DUHD §£@ VWLOFW
YDULDWLRQV LQ HOHYDWLRQ 7 q_ HUH L
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DUHD JHQHUDOO\ PDLQWDLQYV
PHWHUV 7R JDLQ D EHWWHU
VXUIDFH HOHYDWLRQV RI OLJKD
DIWHU WKH H[WUDFWLRQ RI VRG
WR GHSLFW WWKSR YXDSHEKEHRI WKH.'P
ZDV LQ 7KH H[WHQVLRQ DQ
OLJKDQ /DNH RFFXU W®RKX
GLUHFWLRQ 7KH HOHYDWLRQ J
QRUWKHUQ 'HKQDPDN YLOOD
OREDUDNDEDG 7DUHK 0D]& DQ
UHJLRQV DV FRPSDUHG WR WK
ZHVWHUQ 'DYRRGDEDG VHFWLR(
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J)LIXUH /IRFDWLRQ PDS RI YHUWLFDO VHFWLRQV DPRQJ OLWKRORJLFD(

7KH HYDSRULWLF IDFLHV DSSHWHKLEFNQARVIRUPYVKIEXSXUH DQG PL[HG
DQG PLIHG HYDSRUDWH PLQHUDOMSHMI XM DSSUR[ERDWHO\ IRXU PHW
HYDSRUDWH IDFLHV FRQVLVW RIDAFRRARXDW RDAHURUWERBHLDA @DWHULD
WKLFENQHVV IURP FP WR WZR PUDMHBR GDRRG 6XCHOWEHH3IODQW % HOR.
PLQHUDOV VXFK DV VRGLXP VGBSBSRWHWVFFREHYMWYMROHOY RI JUHH
TKHQDOGUMWHLOLWH DQG (XJVW HBQ BWHNURRBEE Q\H B HX/P
VXOIDWH KH[DK\GULWH DQG VWDUNMSXWH *OBbXEHIUQRMWWH OD\HU ZL
VXOIDWH EDVVDQLWH DQG J\SVRP[LFRPMLKIPFRQUERQDWHHWHUV LV I
&DOFLWH ,URQ VXOIDWH $P DIRXQWAWARNWLRQG DM GUHKFPWKY UDQJILQJ
FKORULGH KDOLWH 7TKHVH IDFLHVPIHRWRHG X®EHRRGW\H[WHQVLYH C
FRQGLWLRQVDQ ULWKOXIHILPH [URPWIOIRRGRXUH OD\HU LV QRWHG LQ WK

ORVW RI WKH HYDSRUDWH XQLMWYGDWHNZBIVARIFEQQADHNMLRQY DW GHSWK
RI GHWULWDO DQG HYDSRUDWH P@® HDBESURYL PDWHOHAVWLQPBWHUYV )L
PXG VLOW DQG VDQG VHGLPHKKUWVOPIXHEKULANMWKHSRVLWY DUH LGE
OLUDELOLWH DQG *ODXEHULWH 27KERB WZRWRFHNY WOYHEHWZHHQ
VHUYH DV WKH SULPDU\ UDZ PPWWHUNOWVLWK WKGEXRHVVHV YDU\LC
VXOIDWH SURKc $BWNRMR G UWXH VX PIBWHUS O'IXGWVRQPIKEWWDWLRQ RI *ODXE
$GGLWLRQDOO\ WKHUH DUH PULRX® QUBBERQWW\WSHIFMWMWRK® W% H[WHQGL
LOFOXGH PXG VLOW VDQG WEBVWRH DIQKWEHUQ@BDUWY RI WKH VWX
*ODXEHULWH OLUDELOLWH DQ@® HORO LBARUHRKRIDWHY PAL[H®QG O ZKH
URFN W\SHV IRUPHG LQ DQ HQUDXEQGPH@YW LY¥KBBHDWHG )LIJXUH F
HYDSRUDWH XQLWY ZHUH IBMDQJVBHWRNR DW HGON @ GO®NWIWEK DWHK HR IO MXKWM
PDWHULDO ZDV LQWURGXFHG E\*I®WIREEHWIIWH @ HBRN WWRWDIOIXUH E G



6KDIBWLDO -RXUQDO RI OLQLQJIR@YLURRPHQW

a
A [l Clay or Clay/ Silt or Clay/ Sand
i Clay/ Gangue or Clay/ Halite or Clay/ Saltor Cla/ Gypsu with
Halite or Salt or Sand or Sand/ Silt or Sand/ Silt/ Salt or Silt
I Clay/ Glauberite
Clay/ Glauberite/ Halite or Salt, Clay/ Glauberite/ Gypsum with
Halite or Salt

W Mirabilite

B Clay/ Mirabilite/ Glauberite

1 Clay/ Mirabilite

[ Glauberite/ Mirabilite

W Gangue

i Clay/ Mirabilite with Sit or Sand, Clay! Mirabilte/ Gypsum with
Halite or Sand! Silt

B Glaubesite/ Gypsuny/ Halite

[ Clay/ Glauberite/ Mirabilite/ Gypsum with Silt or Sand, Clay/
Glauberite/ Mirabilite with Halite or Silt

394,000 395,000 396.000 Glauberite

| Gypsum, Gypsunv' Sand

1630

1650(m)
=1
(=]

1630
1630
[
=

X - X (m) 20

) B
&S
Glauberite/ Mirabilite (%)

X : X
1 |
392,000 393,000 394,000 395,000

F
JLIXUH/ZBLPHQVLRQYMHEWURYY RI OLWKRORJ\ DQG SHUFHQWDJH RI *OL
OLUDEOLWH LQ $UDN OLJKDQ /DNH
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&RQWLQX¥RXVURIZBLPHQVLR Q/MEWURQV RI OLWKRORJ\ DQG SHUFHQWDJH R
OLUDEOLWH LQ $UDN OLJKDQ /DNH
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g D A
— = - — 7P—-l'
——)
——y

1 6‘50

1630

394,000 396,000

- ad i

1650
s

1640
e
o

o
o
Glauberite/ Mirabilite (%)

394,000 396,000 - 5

K
ERQWLQXRMM7ZBLPHQVLRQYMHEWURYV RI OLWKRORJ\ DQG SHUFHQWDJH RI
OLUDEOLWH LQ $UDN OLJKDQ /DNH

$W D GHSWK RI PHWHUV Q@RBLQYQHWWOYLWKWXIPD[LPXP WKLFNQF
SXUH RU LPSXUH DUH GHWHFWH&L PHROZHNYON\U BHHWY KH G HSSHWSRV KV R
SODQ PDS DW PHWHUV *O IPXBMHRUUWW H) IZDWK] F O DOALUDDAEH G LIVHV K V

LPSXULWLHYV LV HYLGHQW SULRDWDNOY\BYXWKHDOHOMUBDQWRDQG 6LC
HDVWHUQ SRUWLRQV RI WKH UHIWMRIQRORVULWKXG CGEBSWHKPYV DQG JUDG|
LQFUHDNKWKBRH[WHQW DQG YD WIUHHVEDRHGPIRVUWDWLHNPS DUHD HQFRP
DVVRFLDWHG ZLWK *ODXEHULMHXSEWRRPHHWRUN IURP DQ HOHYDYV
SURQRXQFHG IGH SWKKI SORY@GIWPDSYV "HBHWKHUY )LIXUH 7TKHVH GLDJUCL
SObDQ PDSV IRU OHYHOV EHWZHHQIHUHOQDQGHRIJUDSKLFDO GLUHFWLR(
PHWHUV FRQILUP WKH SUHVHQFH.LWKRODM®I DOW D DB RPLBRUHKROH FRUH
SULPDULO\ QHDU WKHKHFHMHWUDP@PSRUW VRO XWHULWH LV REVHUYHG

$GGLWLRQDOO\ SODQ PDSV DW EHWHIONQ GHDWICV RI DQG PH
PHWHUV LQGLFDWH D PLQRU PDUHRKPFMHKLENQ@XIM RI PHWHUV HQ
*ODXEHULWH E\ ZDVWH PDWHULDO PXG LQ DOO GL

$Q H[DPLQDWLRQ RI )LJ KL% KQHIXWY WIQH WIXLADBHBY FOD\HU
DVVRFLDWLRQ RI *ODXEHULWH \DXQES/VODQWVEIDADL \®B\HWORRQLPSXUH *OD
ZLWK FOD\ LPSXULWLHV LQ WZREGIWIHHF & WHFWL RQV R QIMQBW PH
GHSWKV EHWZHHQ DQG PEHMPHKPY WB QBN WKWV RI PHWHUV 7k
RWKHU EHWZHHQ DQG LOWWHBNGQHRBPZLWK FOD\ J\SVXP I
GHSWKV RI  PHWMRIUV OLUDELOLWRRARW IGKOWW RI PHWHUV WKH DU

LQ FRQMXQFWLRQ ZLWK FOD\ DRKSDYDBWRIM |HRS EUIOMAMHYY RI SXUH I
LQFOXGLQJ J\SVXP KDOLWH DQQGWRFFDODIYHBYID® ALYWRY®QG VLOW DC
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PHWWWKILFN VHFWLRQ %HORZ WWKVLFNRR® GWMSMNA ROD\ ZLWK D PDJL

WR PHWHUVY D FRKHVLYRHOMHHY RV REVYHUYHG
1659
= 1635
£
:1652
1649 .

D Clay/ Glaubente/ Halite or Salt Clay/ Glauberite/ Gypsum with Halite or Salt

. Clay/ Mirabilite/ Glauberite

Clay/ Mirabilite with Silt or Sand, Clay/ Mirabilite/ Gypsum with
Halite or Sand/ Silt

D Glauberite

D Glauberite/ Mirabilite

. Mirabilite

)LJXUH_GFDWWHU FKDUW RI *ODXEHULWH DQG OLUDELOLWH PLQHUDC(
LPSXUDWLHNMUHQW KHLJKWYV RI $UDN OLJKDQ /DNH

Tor

Tor

BASE

BASE

W Clay or Clay/ Silt or Clay/ Sand 80
I Clay/ Gangue or Clay/ Halite or Clay/ Sak or Clay/ Gypsum with I
Halite or Salt or Sand or Sand/ Silt or Sand/ Silt/ Salt or Silt 70
M Clay/ Glauberite
| Clay/ Glauberite/ Halite or Salt, Clay/ Glauberite/ Gypsum with

* alite or Salt 60
M Mirabilite
B Clay/ Mirabilite/ Glauberite B>

M Clay/ Mirabilite
|Glauberite/ Mirabilite

M Gangue 30

g Clay/ Mirabilite with Silt or Sand, Clay/ Mirabilite/ Gypsum with
Halite or Sand/ Silt

Glauberite/ Mirabilite (%)

M Glauberite/ Gypsum/ Halite 20
W Clay/ Glauberite/ Mirabilite/ Gypsum with Silt or Sand, Clay/
~ Glauberite/ Mirabilite with Halite or Silt 10
_| Glauberite
Gypsum, Gypsum/ Sand 0

JLIXUH GKBHRVLRQDO PRGHO RI OLJKDQ /DNH VRGLXP VXOIDWH GHSR
JHRJUDSKLFDO GLUHFWLRQV 1 6 : DQG (

7KH *ODXEHWEKBLWH FRQFHQWWDWLRQ WDWHEHY ZHVWHUQ UHJLRQ
EHWZHHQ DQG ZLWK DQ DYFR@FHMQRMUDWDRQV YDU\LQJ IURP
LOOXVWUDWHG LQ OMKIELOL@®MWHIHDULWS DSSUR[LPDWHO\ DUH O
FRQFHQWUDWLRQ PRGHO GLDJUWRH ZKH WR® VH O WUDWWRIMQG LV REVI
LQFUHDVHY SURJUHVVLYHO\ IURWRRWWHK WRXWMKWZEBHDONL®IDXEHULW |
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LQFUHDVH XS WR LQ ERWK BXHOID VDK G HSEDQAWRZLQ OLIJKDQ /DNH |
VHFWLRQV ,Q WKH VRXWKH DYV WHRPSE RXQIERQ WHOD XFERMN WH JQLILFDQ)\
OLUDELOLWH FRQFHQWUDWLRQVH®@DUGERXN DW DBSHWR[LPDWHO\
REVHUYHG RYHU D ODUJH DUHIERX@W FRQWQGVADDXEKHILWH DW DUR
QRUWKHDVW DQG QRUWKHUQ UHNKRBNQMH MWL ERIWWHOHD YERHELLYPHV X O IDW F
FRQFHQWUDWRRQV WIRQJLQJ IU IURP WR V PAHWHKU DQ DYHUDJF
$QDO\VLV RI WKH PLQHUDO GLRQFHEWWRLWORRQRIWKH 6XUIDFH JHRC
VXUIDFH RI OLJKDQ /DNH DV LEHMQ/ WGHWHIO®R SIHG WEBKOWWHG RQ WKH
VXUIDFH FRQFHQWUDWLRQ PDS*ODREMBDWHYVBMEKIRML OMWHDQG D PL[W
PDMRULW\ Rl WKH ODNH V VXUIDEW DELORAVEHIR WWHK FO@\DQ QG J\SVXP
QRUWKZHVWHUQ UHJLRQV FRQWIDIMWRLQD WKMHD ¥ESORWWDWLRQ DUHD
OLUDELOLWH FR® FH@WRRDQW RDVRMXWMMRMWH SODQW VPDOO DQG ODUJH |
FHQWUDO WR VRXWKHUQ DUH D\E HUQW KH WQDNNV HF & P BRI LFPIDW KDWY FR
H[KLELW FRQFHQWUDWLRQV UDGHERVLWIMPFDQ EH LGHQWLILHG LQ W
1RWDEO\ D VPDOO DUHD LQ W K HD\QREX WX WV W H WQKSID MW VB GRR MWKIMW LRQ D
ODNH VKRZV FRQFHQWUDWLRQV ZKIFKKRQEMDVVRIOKEDW LQ ZDWHU DUF
YLIXUH RQ WKH VXUIDFH LQ WKH VRXWKZH\
VFDWWHUHG QRUWKHDVWHUQ SDUWV
DUHD 7KH PDMRULW\ RI WKH OLJKDQ
FRPSULVHV FOD\ PLQHUDOV 7KH GRP
: g - K ERWK RQ WKH WXWIBHISWKXQGLQFOXG
y OLUDEL®RDMWEBHULWH DFFRPSDQLHG E\
FOD\ DQG J\SVXP 7KHVH PLQHUDOV D
EXULHG LQ WKH FHQWHU DQG VRXWKZ
WKH VRXWKHDVW DUHDV WKH\ DUH E
FOD\ RYHUEXUGHQ OLSDBILGIGWEN RIW|
VPDOO DPRXQWV RI ZDVWH PLQHUDO"
KDORV DURXQG WKH FHQWUDO LVODC
VXUIDFH ,PSXUH *ODXEHULWH GF
SUHGRPLQDQWO\ ORFDWHG DW GHSWHK
LVODQG ZKHUHDV LPSXUH OLUDELOLW
DWHWHKK UIDFH
BURILOHV $$ %% DQG && ZHUH
HYDOXDWH WKH FXUUHQW H[WUDFWL]
VRGLXP VXOIDWH OD\HU DQG WKHLU
PLQHUDO OLWKRORJ\ JUDYLWDWLRQE
RYHUEXUGHQ ZDOO DQG JURXQGZDW
7KHVH SASDIQOIMMNRP DUHDV RXWVL(
H[WUDFWLRQ JRQH WR WKH LQWHULRL
oo SUBPQG SIRWWDFWLRQ FRQGLWLRQV %
GDUN FOD\ OD\HU RQ WKH PLQLQJ IOR
Easting
JLIXUH AXDOLWDWLYH FRQFHQ){\-TF § é_V\Q UFy '%PRZ WKH PLQLQJ EDVF
*ODXEHOWUWHLOLWH RQ WKH VXUIDFl;—qg | d} kﬁP D\ HU MR/G B XIP WHXDWD W K
LQHU OD\HU SHUVLVWV DORQJ

/DNH
HIWUDFWLRQ VSDFHV $V JUDYLWDW

(ITHFW Rl VRGLXP H[WUDPRRY HR QY X\wk DV WKH WUHDWPHQW
JURXQGZDWHU OHYHO VXOIDWH SUHFLSLWDWLRQ ULYHUV DQG VHZD
HIWUDFWHG SLWV VRGLXPWVXOIDWH

[
7KH SUDN OGDNKDQV RQH RI WK¥p QR GIHYWWHYV DQG DFFXPXODWH ZL\
QDWXUDO VRGLXP VXOIDWH UHVHUYHY LQ WKH 0LGGOH (DVW

HQFRPSDVVLQJ DQ DYHUDJH DUHD RI NPd 6RGLXP

385,000

3,780,000
3,780,000

Glauberite/ Mirabilite (%)

785,000
378,000

Northing
3
Northing

3,780,000

385,000 390,

295000
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M . : : S GHSRVLWV SULPDULO\ FRQVLVW RI
; Davoodabaa *ODXEHULWH )LIJXUH E PRVW RI

UHPRYHG GXULQJ H[WUDFWLRQ )LJ>
PLQLQJ DFWLYLWLHVY DOVR UHVXOWH
GHSRVLWVY RQ WKH H[WUDFWLRQ IORR

6HFWLRQ && D YHUWLFDO SURILOH
DUHD EHWZHHQ 7DUPD]G DQG OREDUD
WR WKH HDVW RI WKH VRGLXP VXOIDW
SODQW V WDLOLQJV GDP DQG HQFRF
PLQHG LVODQG DQG WKH VHFRQG X
$FFRUGPEGBGMILQJ UHVXOWV WKH HOH

3792000
3792000

e \ o RI 7DUPD]G DQG OREDUDNDEDG YL
| SR a\ S . DSSUR[LPDWHHOMHUV KLJKHU WKDQ WK

— Bl WRSRJUDSKLF OHYHO RI WKH ODNH 7K

- N LQ WKLY DUHD LQFOXGH OLUDELOLWH
| Seten oate DQG LPSXUH 6RPDDBLDEWXOQWY RI LPS?
- e o JODXEHULWH DUH DOVR REVHUYHG DO

WK H %ﬁa\\%w P RI WKH H(WUDFWLRQ Ol
04 O,
JLIXUH/RFDWLRQ RIVHFWLRQV $$ éﬂ@lR \& | WHOD YEHDEWELWHSRVL

,Q VHFWLRQ %% D KLJKHU FR g W&?;gf@@%gﬁj IgSXLéQ\II_VXSILHI\IiU\
VXOIDWH VDOWV ZDV LGHQWLIL D R M@c’f &

$$ JLIXUH D $Vv D UHVXOowh YDSRUDWH

— Mine road

3776000
3776000

a A A'
1660
R

:r — B Mirabiite

Glauberite

1650

1 Glauberite/Mirablite
. Waste
~ Waterlevel (2001)

1640

1630

388,000 390,000 392,000 394,000 396,000

1660 B Mirablite

1650 Glauberite

¥ Glauberite/Mirablite
B waste
— Waterlevel (2001)

1640

1630

368,000 390,000 392,000 384,000 396,000

JLIXUH*HRORJLFDO VHFWLRQ RI VRGLXP VXOIDWH EHIRUH DQG DIWHL
VWDJHVY DQG JURXQGZDWHU OHYHOV

,PSDFW RI FOLPDWH FKDQJH RQKRLQLSXD\D LQ $UDN UHYHDOV FUL'
HIWUDFWLRQ DQG XUEDQ SROOXWKRQ@HILRQ V K\GURORJLFDO G\QDPLI

7KH VWXG\ RI FOLPDWLF YD 6]#\93 \6%\’;‘__’18 E/H LF'QDSI‘\]IHKUL\&%(EJ*

SUHFLSLWDWLRQ DQG HYDSR Bl@ bOIHY DOG 3
PHWHRURORJLFDO VWDWLRQV }%9 o} DG ootoIv LobL
ZKLFK VLJQLILFDQWO\ LQIOXHQ ] LP R
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IOXFWXDWLRQV LQ UDLQIDOO HMIERUDWERQDW RREQUPELHYWKDYV OH
WHPSHUDWXUH DUH SUHGRPLQDSRO XGLRG @ HEX HIOM [RRFIDOW KH \HD U\
FOLPDWLF VKLIWV $OWKRXJK WHXHVRDNG G HFAOLQH O8YWRON ODNH V :
KDYH KLVWRULFDOO\ H[SHULHQFHG ¥{HQLDEBEGQWL WD WIQDBRBQX¥WLRQ Il
HYHQ SULRU WR PLQLQJ DFWLY LWXHM WWKH WRKB WD O WUKH @ KDU | XW
EHHQ D JUDGXDO GHFOLQH 1R WHRDOOWGHISH DZADMRNY WXKH DHFHMW LUH ODNF
LQ WKH FHQWUDO LVODQG DUHDEMKRZE G S RKIDQRL D Q F DMV HQDWLRQTL
SRVW ZKLOH WKH H[WUDFWLRQPIRQGUWHKWELWHIGNDLY UHFRPPHQGHG
GHFOLQLQJ WUHQG WUHDWPHQW IDFLOLWLHV WR UHSXL
7KH WRWDO ZDWHU DUHD LQ ZDWEQ BRODWQE&RVWIRWO DQG DJULFX
GLVSOD\HG DQRPDORXV EHKDYLBUHYMNQIHVIBRMUINWKERYW WEHHDG E\ PL
UHGXFWLRQ LQ ZDWHU OHYHOV EMUGBUJHO\ LQIOXHQFHG E\
WKH SUHYDLOLQJ FOLPDWLF FRQ&RWVRGMU QI WKHWKKD QJHV LQ WKH
H[WUDFWLRQ SRQGV DFFRXQWHGRMUGZVBHR[QAPWOH QQ WKH FHQWH L
RI WKG® IMRWHDU VXUIDFH D UPQBWERP®D PL@QRUW ZLWK WKH FKDQ.
SURSRUWLRQ &RPSDUDWLYH DQ@QDHMNNOVRRXGGHBUSRWQW LZAHPOV ZLWKI
DQG HYDSRUDWLRQ GDWD IURP 'DNRRGREDGBKWWILWDIORY HW KRH 7DUPD]G
FORVHVW WR OLJKDQ SOD\D L QKDL EWH\R R WHDYLRYAFDQWKH \HDUV
FRUUHODWLRQ EHWZHHQ WKHYVHWKML P DRX).G GIDIFW IRW \D DO WRK FW K H P L C
H[SDQVLRQWRIRQ[WRQEV IURP FRRVLVWHQW ZLWK WKH FKDQJHV LC
DUHDV XQGHU WKH LQIOXHQFH RI ZH
JLIXUH ,Q DOO WKHVH FRQGL
o * . JURXQGZDWHUFBIRWHY IR} WKH H[WUD
- LVODQG SRQGV ZDV KLJKHU WKDQ
s A . DUHDV DQG WKLV LVVXH FDQ QDWXUL
£ K\GURJUDSKLF IRFXV Rl DOO VXUIDFH
LQ WKH FHQWHU RI OHJKDQ ,VODQG $
: GXH WR WKH SHENW®Q FOIDRHUWRKH ZD W H U
w FOD\ RQ WKH JURXQGZDWHU OHYHO R
LVODQG DQG WKH DEVRUSWLRQ RI ZD\
. i, FOD\ DQG WKH HIIHFW RI LWV FDSLOOI
XVXDOO\ VKRZV LWV H[FHVV DV HYD

Solar year

recipitation(mm)

d p
2
g

Evaporation an
S
S
H

: FR KOHD QHFBIUW KH D FF X P X

YLIXUH &RPSDULVRQ RI FKDQJH %@mﬁ
UDWH UDLQIDOO WRWDO DUHD Rl\é{I\tK IEH Bl A3 U DURXQG
3RQGV GXULQJ GLIITHUHQW \HDPRSX@WLR GLIITHUHQW VRLO DQG |
DQG WKH XVH RI RYHUFDSDFLW\ DJL
$ FULWLFDO FRQFHUQ LV WKH gHOG®VHIWEKHWUWRXWRIGEDWEPYQOHYHO L
ZDVWHZDWHU IURP $UDN ZKLFKDRHPIDIG EVHIRREHW WEDIHLRY WEKK]DQ L
ERWK DUH HYHQ ORZHU WKDQ WKH FH

160 10 1654 —A—Center of Island

A ~5-6 km from Taremezd
1652 - 6 km from Rahzan

1650

~+—Mining Area Lake from Total
80 Area(km2)

~#—Contaminated Area Lake from
Arak urban sewage (km2)

A
1648 —

1646

Natural area lake, km2

1644

Contaminated Area Lake, km2

1642

Altitude changes of underground water, m

1640 v 4 by
2000 2005 2010 2015 2020

1980 1990 2000 2010 2020

year Year

YLIXUH &KDQJHV LQ WHKHI FMDRWWFE® HDQND XRJ H &KDQJHV LQ JURXQGZDWHU HOHYDYV
ODNH RI OLJKDQ GHVHUW FRRSDXMWGERMR WKH BWHB RHQW \HDUV LQ WKH FHQWHU RI
UHVXOWLQJ IURP $UDN XUEDQ VHZDJH HQWHKH LW OIIKWIQRQ LVODQG DQG VXUURXQC
GHVHUW GXULQJ WKH ODVW  \HDUV IURP WR > @
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,Q JHQHUDO WKH QDWXUDO UHWWLRQDWHRQ H{WWEKFHWLRRIOD SRQG 7F
RFFXUV WKURXJK WKH ILOOLQJGRIVPKQUQH YRAVGR BMMHH UH[WUDFWLRQ
H[WUDFWLRQ DQG WKH ULVH R FZDQWHUUBFWHQV IGRPLOIQWHKHO WDLO
ZLQWHU DQG VSULQJ VHDVRQV DKIR¥®® WMKHR IPWEHQLUYPBREGW DUHDV
LV WKH ORZHVW SRLQW RI WKH O@XENBIXHYWOW DQFRREXELQDWHG XV
WRWDHOWUDFWLRQ DQG WKH FUHDRMDLYOQVRU WYL QLOXFSIVWW QG ORDGHU
WKH GUDLQDJH RI VXUIDFH ZDWHHWUDRF WXBURRQGXPIVXOIDWH OD\F
DUHDV VXFK DV $UDN )DUDKDQ PD®G WLIDKD +I] IDIR®IBHBGHR QWR WUXFNYV
ORXQWDLQV LV DFFHOHUDWHG WR\WZROWIE] WV IGHH $FRIY WGHLD B | WIKK-H 6 RG L X P
LVODQG 7KLV SURFHVV LQW H QN MBI R K MAMHILD QWLPRUWWRH EDODQF
VHGLPHQWRH WRPURXQGLQJ UHJKR®WD OMILFG IOHIYWBY FRPELQHG ZLWHK
IDVWHU VHGLPHQWDWLRQ DQG WBIWRUKD & MMMWRUBRW LWRHD WUWKHV HZL
LVODQG V FHQWHU SODQW LQ WKH VRXWKHUQ UHJLRQ

7KLV SKHQRPHQRQ VLJQLILFDQYWDQWRKBDRWHRQVKIHH[WUDFWHG DUH
HIILFLHQF\ Rl GUDLQDJH IRU VHBSDORWLEXAYHOV LQ QWHBIUEHIGVUDO ST
DUHDV LQFOXGLQJ $UDN DQG LPBSORMBYUHKH7KBIMWVZBRWHU SRQGV |
DFFHVV URDGYV SDUWLFXODUO\ BIXWKQZDWRRC®ONMENDRIP\GXW\LQJ WKH H
IDFLOLWDWLQJ TXLFNHU ZDWHUSGHDHQ W H IDIRG | VFHBQWHGWDOOHQJIH YV
GHSRVIWMWHR¥\VWHP QRW RQO\ DVE®IDQ W & & DIRDMW X UD O
UHKDELOLWDWLRQ RI WKH GHVHUWR HFRWMWW HPK B XIW VIXBIWRR| ZDWHU
PLWLIJDWHV WKH ULVNV DVVRARDWHWLEQWK ZORRIGLORQGY VHYHU]
HQVXULQJ VDIHU FRQGLWLRQV ERH QVIDRIYBRIUG DBW@RQ DQG
LQIUDVWUXFWXUH LQ WKH UHJLRQ

[Q VXPPDU\  WKH vwx&l XQG PR Wk we vai wemiowgavy w

L
VLIQLILFDQW LPSDFW RI FOLPDWH sy Q ey Rdw 4D WHIUHVY LQWR H[W!
UHVRXUFHV LQ OLJKDQ SOD\D KLJKOLJKW HOQW

&l

) LOJ WKH XUJ
QHHG IRU VXVWDLQDEOH ZDWHU P OB ¥ FERIVE %\5’{5 N Doe 6L
DGGUHVV ERWK GHFOLQLQJ zDWHU GHYHARY ¥ WhRd ZowHU
SROOXWLRQ PLQLPL]H IORRGLQJ LQ H[WUDFWHG D

&XUUHQW PHWKRG RI H[WUDFWE%&%’@%QV"LWEIPJ@@QFH PRQLWRULQJ
$UDN OLJKDQ /DNH ROQLWRULQJ DQG DGMXVWPHQWYV RI
WR HQVXUH VWDELOLW\ LQ WKH DUHI
7KH H[WUDFWLRQ SURFHVV IRU MRMUDFNV L\RXQO]IFDOMK

EHJLQV ZLWK WKH UHPRYDO RI W H
IURP WKH VRGLXP VXOIDWH OD\HL?W}#B fD{/ESEi?ﬁtEéE?H HSVV\\,’PH&(?VF\{,UQBOLS
HIWUDFWLRQ PDFKLQHU\ &DUHIXO PN HQ Wd R KD IH Y HRWWHUOV D

GXULQJ WKLV VWDJH WR SUHYHQW W&HQRWHbOHIGRIFWOWOLEOXNWLRQV WR
ZLWK WKH HBHEHGBRYVILAWI WKH SXULWNRUPQ&®LRQ

FRQFHQWUDWLRQ RI WKH H[WUDFW, P W K .
RYHUEXUGHQ LV FOHDUHG WKH DumLﬁégg ey % F@g \%%FLE,L%%DWE;S
VKDSHG VHFWLRQV FDOOHG H[WUDFWyRSD ERQAH VD i BH W HBR S ROGL@W OR
LV GHVLJQDWHG DV D ZRUN IURQW IRY® HQKYOOHHI W REWILRRQD PHOWD O
JLIXUB %HIREMLQH WKH PLQHUDO \@®BHNHAL WH

EULQH SUHVHQW LQ WKH PLQH LV GLUHFWHG LQWR D
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F
JLIXUH D $Q RYHUYLHZ RI WKH HQWU\ RI $UDN X0 EDKD QDWRGH2CPWNHUO IL WY HR
E 7KH VRGLXP VXOIDWH H[WUDFWLRQ SRER3 DX WXIKOH DWHH/ IHG W D O PVOLXREJ Hb R (



6KDIBWLDO -RXUQDO RI OLQLQJI9RQYLURRPHQW

7KHVH VWUDWHJLHY DLP WR PLWLHIWHDPMKIHRR S HUDWOLHRGIDOJLQJ WK
DQG HQYLURQPHQWDO FKDOOHQJHWZRO®RH®REYDWLRER zIRWK VRODU SR
VRGLXP VXOIDWH PLQLQJ HQVXUL®Y \WKIP FIRBWYLRIKX HEPLUWLFXODUON |
HIILFLHQF\ DQG VXVWDLQDELOLWVHRYRQYIWUDFWLRQ

DFWLYLWLHV G3LW OHDFKLQJ DQG SXPSLQJ WR V

7R PLWLJDWH RSHUDWLRQDO FKDBDAKQDHELWYFKKRXOG EH XVHG WR
ZDWHU OHDNDJH DQG SRQG IRUPDWYR®Q DU GHSRVRWVXHIIHFWLYHO\ 7K
VXOIDWH H[WUDFWLRQ WKH IROORYER¥OGWUTNHEH HPWPEH EHCGLUHFWO\

EHHQ SURSRVHG DQG DUH UHFREB Q{GVW@* PRGLXP 6XOIDWH SODQV
LPSOHPHQWDWLRQ SURFHVVLQJ DQG HYDSRUDWLRQ

D&UHDWLRQ RI D QHZ SRR® ZLWK UM \ﬁH[é’ gH R 9 DIQgPlusHRVRKOZ\E)V\IIDI-(lQUGl
QHZ SRRO VKRXOG EH FRQVWUXFWH 3 &JVW%J(—IOG ASATIE S
PLQH WR DFFRPPRGDWH SXPSHG ZD p

nEU25

PXVW EH VXUURXQGHG E\ D UREXVW ) W LSVERHO)L(JVF\'/\(V;((S’Q[;
FRQWDLQ WKH ZDWHU HIIHFWLYHE 5 P

U OHYHO ZLWKLQ WK
RYHUIORZ LQWR QHDUE\ SRQGV VXVWDLQDEOH RSHUDWLRQ

E6SUD\LQJ HIWUDFWLYH EULQH LQWR W LR R
7KH EULQH H[WUDFWHG GXULQJ PL L% WER L%;J/ RF\)IIWSDOLDOQLV(gJVY/
VKRXOG EH VSUD\HG LQWR GHVLJQ MEWESIA AN
SRROV 7KLV SURFHVV ZLOO DLG L k gp Q [
p UH

EULQH ZKLFK FDQ EH IXUWKHU ) LSS o G‘;(VF'-LVVB’ H'-QYLPUDRQDPJ
GRZQVWUHDP SURFHVVHV QJ HQ Q

F &RQFHQWUDWH G EQERQEWwDMvGHAN Dyl LQWHJUDWHG VWUDWHJILHV L
VKRXOG EH WUDQVIHUUHG HLWWKHY WKQRX K sSXB&LGP VXOIDWH H[W
VIVWHPV RU E\ WDQNHU WUXFNVCWR WKULRWREBYWHERRRP QDIHPHQW F
ORFDWHG QHDU WKH 6RGLXP BXQIDRAHL @J QW LR QPHQWDO FRQVHT
DSSURDFK PLQLPL]JHV WKH QHHG IRU H[WHQVLYH

JLIXUHD 3XPSLQJ VA\IVWHP RQH ZRUNLQJ SXPS DQG RQH UHVHUYH SXPS IUR
WKLFNHQHU E 3XPSLQJ RXWSXW RI WDLOLQJV VOXUU\ LQ WKH ROG P
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,PSURYLQJ DQG UHEXLOGLQJ PRIDSFWUDWELQHSRVLWY DUH FRPSR\

%DVHG RQ OLPLWHG VDPSOL )L( 8}5\9/ QEGLER VRGHLXFI’:DVOXFOLL!
DQG RXWVLGH WKH H[WUDFWLR W GB% Vi
PRLVWXUH OHYHO OLQH LV VKR ppgl))(/ s W oo R,
WR UHFRQVWUXFW DQG SUHYHQ LE\ \

Hg IH | U : ") RXQG W K

WKH PRLVWXUH OHYHO OLQH W SATIVE
VXOIMFHVOALQJ SODQW LV UHWX
SRQGY DQG WKHQ OHYHOHG D
PDFKLQHU\ VXEFK DV H[FDYDW
EXOOGR]HUV LI QHFHVVDU\
HQYLURQPHQWDO EULQHV WR D 8@
DEVRUE ZDWHU ZLWKQ @D W SR
DIWHU WKH PLQHUDO LV H[WUD G
DGGLWLRQ WR UHJHQHUDWLQJ W W o'r
WKH RQVHW RI WKH UDLQ\ VHDV Lgyvﬁ lg% MRS
OHYHOV WKH PRLVWXUH OLQH LYy g \P@ HW R 1k
WHFKQRORJLHV $UDN OLJKDQ /DNH
VRXUFH RI VRGLXP VXOIDWH LQ ,UDQ

HQYLURQPHQWDO DQG RSHUDWLRQDO
SUR[LPLW\ WR $UDN FLW\ .H\ LVVXHV

x (QYLURQPHQWDO DQG K\GURZC
FRQFHUQV

R 6HDVRQDO GU\LQJ RI WKH ODNH >

R 5DSLG ZDWHU OHDNDJH LQWR H[WL
DQG VWDJQDQW ZDWHU SRQGV >

R ,PEDODQFH LQ ZDWHU OHYHOV WR \
x 2SHUDWLRQDO FRQVWUDLQWYV

R IRWLOL]DWLRQ RI EULQH UHVRXI
VRGLXP VXOIDWH SODQW

R +LJK PRLVWXUH FRQWHQW XS WR
HI WUDFWHG GHSRVLWV UHTXLUL(
GU\LQJ WLPH QHDU WKH SODQW

YLIXUH +XPLGLW\ FKDQJHV DW GLIIHUHQ YGQAHQPW
SRLQWV LQVLGH DQG RXWVLGH Kﬁ\%gvgll_i?&' Wbloe wrRxuLVP LPS

VXOIDWH HIWUBBPWIIRQLDKEBEQR RIUDN R 7KH SUHVHQFH RI PLJUDWRU\ ELUG
VHDVRQV DQG WKH WRXULVP SRWH(

'LVEXVVLRQ /DNH

7KH H{WUDFWLRQ RI HYDSRUDWH BLEMWVOVWIRKYX cElgHhK 1*2  LQV\
VRGLXP VXOIDWH IURP ODNHV SUHVH®W/DWMLRYLIREHEWLURQPHQWDO
FKDOOHQJHV > @ ,Q ,UDQ VRGLXPFWXIONVBWHKIHY 8§ UFLKPDDOUB DO IJHY WKH |
H[WUDFWHG IURP VRLO GHSRVLWW L@ KD HM VEBKHDRILDOBDN LWDWLRQI
/IDNH ODKDUOX /DNH DQG +R] 6X®PNMNDOQ 4RFOOOMNHWR WKH H[WUDFWL
> @  WERQYW LQ RWKHU UHJLRRNP®OHK DWHS&DRDEIIQJ RSHUDWLRQV C
1RUWK $PHULFD 6RXWK $PHULFDDWRG &KRPDVKWHRGUBR WUHDWPHQW S
VXOIDWH LV FRPPRQO\ H[WUDFMWHRGWIKIR OWEIHIQHWRE IJA& DQG VXEVHTXI
%ULQH H[WUDFWLRQ LQYROYHVHPEXPOSERWIRBOUERBGMW RFAKKHUH GHSWKV |
ERUHKROHV DQG WUDQVIHUULQUQ LWRWR BRWHW IWHOHWHG GHSRV
HYDSRUDWLRQ DQGGHRRIDQ®JZBWUMNWXUH FRQWHQW DUH VWRUHG
VHDVRQV IDFLOLWDWH FU\VWDO X0FG KB XR DYOWVRRUDPO HYDRRWIHWLRQ D
@ 7KLV PHWKRG UHTXLUHV D OXDWW D ®W LIDYOWY BIRXEHHORIRQ E OR VHR @
KLIMKRQFHQWUDWLRQ EULQH > @RSWLPL]LQJ ZDWHU PDQDJHPHQW HC

JURXQGZL

7
éH ([ WUDFWLQ
\/ L{/LJQLILFDQWO\ PR
ViR ERE s
¥ \ o) H WKLQ
L Z W HFHVVLWD
w %Dé?{s/e‘lv U_LL DUDWLR
B\I7Y]g V\VWHF
sdefe
G
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XWLOL]DWLRQ DQG DGGUHV\BWURIFHWY YLIRQBHQYMADYCH ZRXOG LQFU
FKDOOHQJHVY DUH FULWLFDO IRPOXYRXWDVRGEXRA VRGOGLXWH VDOW
VXOIDWH HI[WUDFWLRQ IURP OLJKDIQHFDHM@GW H[WUDFWLRQ JXUWKHUPF

ZRXOG IDFLOLWDWH WKH UHGLVWULE X
JURXQGZDWHU OHYHO 7KLV PL
ZDVWHZDWHU SUHFLSLWDWLR [Qg\&f%ﬁ é@ﬁ/WH\}U DGgﬁ'Eg
GLVVROYHG EULQH GUDLQV LQ A oS
DOG H[WHQW RI WKLV UHVRXUFH
W\ KH DUHD
@3% QGXFWF
QV LQ
LQFOXGH WKH FUHDWLRQ RI DD

&RQFOXVLRQV H[WUDFWLRQ SRQG WR VXUURXQGLQ
VRGLXP VXDORQH WBEWDOOV RI
7KLV SUHVHQWVRBSSRRJ\)WH(@WWD HORY 0G LPSURY!
E A AW E L,
P HW W
7KH H[LVWLQJ PHWKRG IRU
%§ RI H{WUDF
lR F LVVXHV LV
URQPHQWDO L
MWDLQDEOH!
&/ WHFWLRQ |
H FRQWLQXR}
D WHU WKD\
*ODXEHULWH H[WUDFWLRQ DQG
[ Q@ DQ Q}i‘, HG RXW

3UHOLPLQDU\ ERUHKROH & RORJLFDDGOGUEHD\?VDQ

XQFRYHUHG DQ LPSXUH *ODXEH @g USRS
GDUN FOD\ DW WKH ERWWRP R
VSDFHV 7KH DEFXPXODWLRQ RI
VRGLXP VXOIDWH IURP WKH EU

\q}&iz U B@HHQ_WLI—L@FF\UHD\

Q LW\ ZKLOH PLQLPL]

VXOIDWH VDOW DW OLJK DICH QESN Y LQYHVWLJDWLRQ\/

EULQOWHU UHVHUYH WR HQKDQLI'—' %%

PLQLQJ ZLWKLRTXDWLIFPLHQYLU
RSHUDWHG E\ WKH VRGLXP VXOI
SUHVHQFH RI ZDWHU LQ WKH
FRPSOLFDWHV WKH PQGL G FSJH
HIILFLHQF\ ,Q OLJKW RI WKHVH
SUHVVLQJ QHHG WR UHGHVLJQ
EHWWHU DOLJQDZX\WW LWK®D
HQYLURQPHQW DQG LPSURYH
HIILFLHQF\ SDUWLFXODH GV E\RU
EULQH 7R DGGUHVV WKH FKDO
FXUUHQW PHWKRG D FRPSUHKHg
WKH PLQLQJ SURFHVV LV UHFRPR

VXxUUBXQGLQJ

DSSUR[LPDWHO\ WR PHWHU RJ VRGLXP VX

\YJ1JQLHFDQM/F

%Q@@“PXULQJ WK H

Dm/YDuuQJmewﬂWEQZDWHMN HG VROXWLRQ
LQYHVWLJDWLRQV[MH1QHFHVVD

3 VVDU\ WR ¢

LDWLYHV
8 H RSHUDWLRQD

@)

UHFRYHU\ ZKLOH LPSURYLQJ Y HQWDO
PDQDJHPHQW 5 HIHRUH R

D:LQWHU GHSRVLW IRU *ODXEH @DW® DM[RFOYD F&P ORQLFWHU /HLWQHU
NH\ SURSRVDO LV WKH FRQVWUXFWLOR(GD/\MH DO Z IHSW MUV G RGRY LRRQW UROV
IRU *ODXEHULWH H[WUDFWLRQ P&FEPHWKFHOR W N RVQXWHRQ D &G J
GHSRVLW ZRXOG KHOS PDQDJR WPDR'S'I_HQJ%EH %\O'URP WK*H <DFRU
FKDOOHQJHV DVVRFLDWHG zLw%P%HvHP VLR HRORJ\
GXULQJ WKH RPHYNFWARGEWIWL]LQJ WKH
ZLQWHU PRQWKY ZKHQ ZDWHU >0@Y HO VPpERHL © O CRIGUBHERIEIU t I X H]
VWDEOH DQG PDQDJHDEOH WKH GH@'FW/LWHZP&Nb@ H D@WRJLFDO

PRUH HIILFLHQW PLQHUDO H[WUBBW NV OLONH V- D
DFFXPXODWLRQ RI VRGLXP vxo E%%%éll%%@ég DLH%':S v\%o“
HQYLURQPHQW 7KLV N(WLU/\DDI\X/\HI—\D\( Q
UHFRQVWUXFWLRQ RI WKH PLQL SHQGLQJ

DSSURYDO IURP UHOHYDQW JRYH \NBL W‘@VW\H@W@

E %ULQH ZLQWHU UHVHUYH +R V S\Q HU DQG VDOW
ZLQWHU GHSRVLW WKH FRQvwU{ §\%Q L@N@i@g@% ngiﬂl\ﬁlil‘
UHVHUYH LV SURSRVHG WR VX ¥
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> @ .HQGDOO $ & (YDSRULWHV@LGQHQ X/ DIOMNPI=KDQJ :DQJ /

DQG 1 3 -DPHV HGV )DFLHV ORGHOV &$DASRD® HA/L WIRULEEXWLRQ DQG JHQH"

OHYHO PKRQRILFDO $VVRFLDSNSLRQVBOD IEPH)B®D\D DW 4HKDQ /DNH ,QQHU 0
+ &DWHQD

> @ 1REOH*UBDS 5 ,5HLG 1 > @ /L 5 /LX & :X + -LDR 3 +X <
5HIJLRQDO H[SORUDWLRQ IRU FKDQXHO :DQG SODNQPHXUD RUXFODXEHULWH VH
GHSRVLWV LQ :HVWHUQ $XVWUDOLRS XXUQED CARQDMNEZIDMWHUY IURP WKHUPR
$SSOLHG *HRFKHPLVWU\ VLPXODWLRQ RI WKH VKDOORZ JURXQGZ

0, *
> @ &ERQIRLEXFKL,VREH 0 5LYHU %DVEKBEHRKEQD *HRORJ\

&KDQJHV LQ VHGLPHQWDU\ HQYLURSDPEB QWY UK] 6K OKIZXMWEXNH ( $\RUD
.RUHRYLURQPHQW $GYDQFHV & *DUPHDD  $ RZDUG PRUH VXVWDLQDE

EULQH H[WUDFWLRQ LQ VDOW IODWV /HD!
>@ 0D / /RZHQMWHAQ -ZDQX 3
& —KROJGKHOJALX + :X + $WDFDPALHQFH RI WKH 7RWDO (QYLURQ

+\GURFKHPLFDO FKDUDFWHULVWLFV DQG EULQH HYROXWLRQ SDWKYV
RI /RS QRU %DVLQ ;LQMLDQJ 3URYLQ®&H Y%KD/GHDFE SEKKRIMED $ODPEL
$SSOLHG *HRFKHPLVWU\ 7KRPDY . (IWUDFWLRQ RI

5
- @ x s @vwrn 7xn 2utsiov REBRAHARRCO) YROXDEOH PLOHUDO VO
LQ &HQR]RDUIQRDHYDSRULWHYV LQ H Vi é B OEK
5DQJH 3URYLQFH 6RXWKZHVWHU LRORRE e rthY HB

*HRVFLHQFH > @ :DUUHQ . - (YDSRUDWHV $
KWWSV GRL RUJ JHRVFLHQFIFRPSHQGLXP VHFRQG HGLWLRQ 6SU]
> @ (XIVWHU + 3 +DUGLH /g *+HLGHOEHUJ 1HZ <RUN 'RUGUHFKW /RQG

0 /HUPDQ/®NMGE &KHPLFDO *HRORJ KWWSV OLE XJHQW EH FDWDORJ HEN

> @ *KDGELDMDIWL 6DEJLBQ
$VVHVVPHQW RI +HDY\ OHWDO &RQWDPLQ
A\QHN 6 $ $%HOLVRQ &DMRU LR GXH WR OLQHUDO 6DOWV &RPSDQ\ IURP OL

JHRFKHPLVWBWILQ&GREULQHY xv PUYDN -~RBQQDO RIOLQLQJ (QYLURQPHQW
SRUWDIEDHOXRUHVF HQ RHK NBHFUWAURG 1 w U\

> @ .LSQLWRZHQ #XWFKLQJV ¢

*HRORJ\ > @ *KDGLPL ) $VVHVVPHQW RI Wi
> @ (UIDQLDQ .DVHE + 7RUVKL]|_':?3 P+'-F<§DO- QR-YV\QI:SL\Q;L%WHS%V\NBSEP
_DYDQEDNKW 0 'RKDQVDO *KDGLBYDHY

BWXG\LQJ HYROXWLRQDU\ SURFHVVHV Rl SHWHUJDQ SOD\D
EULQHV LQ VRXWK .KRLFRSHW/ LDDVW>RIQUBDKDGLPL ) +DMDWL $ 7&BE]LDQ
UROH RI OLQHUDO 6DOWYV &RPSDQ\ LQ SR

. @ 5DXGVHESVRGHSHOSWL]DOHWFSODD VHGLPHQWY ZLWK KHDY\ PHWDOV
V DOG PXOWLYDULDWH DQDO\VLYV

0/ 3RZHU/ O )RUPDWLRQ RI FDU % pRow PUDOG) DO

WKH DONDOLQH ODNHV DQG SOD\D QPR zR ¥4 OR BRH

%ULWLVK &ROXPREKHP L&D QDGTRORJ\

> @ *KDGLPL ) *KRPL 0 *HRFK

G VHGLPHQWDU\ FKDQJHV RI WKH 0OLJK

> @ $ONKD\HUDULPLDQ (JKE )

0 +DPJHKSRXUSDIKQHPDLH %ULQH '°P@DQLDQ -RXUQDO RI (DUWK 6FLHQFH
JHRFKHPLFDO FKDQJHV DQG VDOW > @ 5DKEPRRXE + $EGL /

SUPLD L@DWBIQ D BHGLPHQWRORJ\ DQG RULJLQ RI OH\JKD

> @ 5H&X &DOJ :D0J  SL EBYHDSSRRVULCNWV&i\t/&J_UBQQQE&Q)NUE,RJ(D)IZDWHV DQG

© :DQJ ' =KDQJ 3 8QUDYHOLQJ ‘wrn

VRXUFHV RI RUJDQLF PDWWHU LQ VXV®H RO®NG B-HHIBVHENRO R MW HIUDE $ 0
VHGLPHQW LQ D FORVHG LQODQG ODNHDFLHY) L\GWMRQEAHLEBROYRYHILWKLQ W}
ILQJHUS UIOMWHWQIDWXBQDO RI 6HGWRHQMR GHMHRUW 6SDLQ IURP ILHOG DQG
5HVHDUFK &DWHQD

> @ %DURXLOOHW & /IDLUG > @ O9HUD 0/ 7RUUHV :5 *DOOL &/
% ))LQQH\ %HOELH ' 7$VVHVVPHQWS$ YOH[HU 9 (QYLURQPHQWDO LPSDFW R
DQWKURSRJHQLF LPSDFWV RQ WKOLWKLXP H[WUDFWRWQRIQRE® EWYQHIZ/ (DUW
%DELQH /DNH ,PSOLFDWLRQV IRU V(QYLURQPH®OWRQ RI VRFNH\H
VDOPRRXUQDO RI *UHDW /DNHV 5HVHDUFK
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> @ 3D]DQG . %HK]|DGLQDVDE 8DLEBOPCGHONVLGALEKL-REUQDO RI *HRVFLH
5H]YDQLDQ]DGHK 0 5 7KH VHGLPHQWYV RI 'DJK

H6RUNK SOD\D $UGHVADERBDBDQWUYD D
(YDSRULWHV DV P} Ve P HIG 5%RXKOLOD 5

+\GURJHRFKHPLFDO FKDUDFWHULVWLFV
> @ .XVFX 0 (QHU 6 %DGSOQDUPKUDELOIBWHRKDUWKH KLJK VDOLQH V\VWH
VRXUFHV DQG K\GURJHRFKHBP2ZFDO HYDODIWHL FBGRX WKFHODH &X' PLRAKH P L VW U\
GHSRVLWV LQ WKH $FOJ|O-RXNKD'BIQL]OL 7XUNH\

RI $IULFDQ (DUWK 6FLHQFH KWWSV GRL RUJ M DSJHRFKHP

> @ . XPDUDMHYKDU 5XPDELQJIK > @ .ULQVOH\ ' % $ JHRPRUSKRO
& .XPDU § ,GHQWLILFDWLRQ RI SDOHRFODNRDPWRORIJLFDO VWXG\ RI WKH S
DQG WUDFNLQJ WKHLU HYROXWERWQWIBDWHKRDRILKXVQ@XUYH\ 8 6 'HSDUW
JHRFKHPLFDO PRGHOV LQ WKH *UHDWK]I@QGWRDR 7KDUSGHVHUW

6FLHQFH RI 7RWDO (QYLURQPHQW & |y ovOoH\ ' % "\QDPLF SURFH\

> @ )RROPKILGLPIBKHLNK =DMDULDHWHRUSKRJIJHQHVLV RI VDOW FUXVWV ZLWKL
5DKLPSRXU %RQDBIOXHQFH RI 3KQRUWIFPHMROWUDGUBBBHGRQJV RI WK ,QWHUQ
DQG &KHPLFDO ODWHULDO 3URSHUMRGBRJIRRKD ® ERIQIUHARL OORQW UHDW

(URVLRQ SURERVYRY SURXOS DLORUDE SAQNERESORUAR uoG o o
IFI KRG RI HIWUDFWLQJ VRGLXP VXOIDW

(QYLURQPHQW EDODQFH RI WKH K\GURJHRORJLFDO
> @ &RHWVLHUV 0 :DOUBKWRQNDI@YLURQPHQWDO FRQVLGHUDWLRQV RI C
FKDUDFWHUL]DWLRQ RI WKH 1HRJH®EXVIWXLDOUUHBROW RP $SUDN 8QLYHUVLYV
+\GURJHRORJ\ -RXUQDO $PODK ,UDQ OLQLQJ &RPSDQ\

> @ 6WREHU , =KRQJ - )URPXFKHU
IUHVKZDWHU LQIORZV WR VDOW ODNHYVY DQG VDOW GHSRVLWYV LQ WKH
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