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/RWDO VXVSHQGHG VROLG QXWULHQWY SKRVSKRURXV DQG
QLWURJIHQ PHWDOV RLO JUHDVH EDFWHULD YLUXVHYV

KWWSV GSZ ODFRXQW\ JRY ZPG ZDWHUVKHG OI



NOAAVASSCH QAANgONNTY " ODMRU ZDWHU FRQWDPLQD((

Z33%Wllo E]A EXYER IR «3iE

RI FRQFHUQ LQFOXGH OHDG DUH RIWHQ iRXQGDUWLFXODUO
JLQF FDGPLXP FRSSHOQ XWKERELUOPQRII DQGSKRYISKERHUHQ/ DUH FR
DQG QLFNHO 7KH\ FDQLEW MARWR WRH SOH\ODZRHIRUWUONKHUV |
IRUPV RI| ZLODGEMR.ZH G IB/HRVEOMMNG R PRQLW R UZD\VWH GIHQUGV BN B @ HQ
XS WR VLIJQLILFDQW OHYHOMRS PHRWHMVR UMD QH B PAP B@W IDFLOL\
70'/ ZDV LPSRVHG LQ PRQLWRULQJVWDWLR®R @R UBKMH BQYH Q
%HFDXVH RI WKH QXPE®G®LD Q& MWW WSHKIDMR IHV VWIDEOHVEE G VWG RBH (
PHWDOV LGHQWLILHGZHB BDH[FRHGW GVHQ® GYWWZAK @ UHIX®A PIXO \
WR YDU\ E\ UHDFK RI WKH WHVW UHVXX@QGVWKH 5LYHUV HC




QWURGXFWLRQ % *UHHQ LQIUDVWUX

*UHHQ LQIUDVMWD WMXRUKVHG WR UHIHU WR VWUDWH
SUHFLSLWDWLRQ ZKHUH LW IDOOVQUDRNVRHHXMWKWD Y\ )

*RDOV

9 55 HPRYH WKH SROOXWDQWYV (QKDQFH ZDWHU TXD!
9 ' HOD\ WKH SHDN WLPH RI WKH VWRUPZDWHU UXQR
9 5 HGXFH WKH FLW\ UXQRII UHVWRUH WKH ZDWHU



OWURGXFWLRQ =% 6WRUPZDWHU %03

%03VUH VWUXFWXUDO YHJIJHWDWLYH WU SRIHYHIHW LD WSHUMXRWHL E

*UHHQ URRIV 5DLQ EDUUHO 5DLQ WDQN

6HOHFWLRQ RI %03V LV EDVHG RQ

f 7KH W\SH RI SROOXWDQWY WR EH WUHDWHG

f 7KH VXLWDELOLW\ RI WKH VLWH WR WKH %03

f &RVW

f (IIHFWLYHQHVV Rl WKH %03 L@ dbOuUsRL QDWLQJ bhbvGa&F iQ demowurork
SROOXWDQWYV

JRXU FDWHJRULHV RI %03V DUH XVHG

t 3ROOXWLRQ SUHYHQWLRQ %03V
+ 3ROOXWLRQ WUHDWPHQW % (:BY/WUXFWHG ZHWODQG “UHHQ VWUHHW
t &RQVWUXFWLRQ %03V

f ODLQWHQDQFH %03V

Z88%WIIAAAXPE v 18] » 0](}EV] X} ERPASS @R Uil Rr(® 1 )& }v &} E



QWURGXFWLRQ %

+ K\ GR ZH QHHG JUHHQ LQIUDVWUXFWXU

+ +tRZ GRHVJUHHQ LQIUDVWUXFWXUH
LPSURYH WKH ZDWHU TXDOLW\ LQ /$ 5LY

+ K\ GR ZH IRFXVRQUHVLGHQWLDO DUHD"™

AMUE W Z33% WIIv A« XAr AXy E P ASEE « r i Vi(i@EP 6
Z vP I



K\GRZH QHHG JUHHQ L

Hlo vP >V e %o
P& v E}(e f ]}E& S vS]}v
\i'CEvAoo- f 'E v «§CE é-/
T Z]v' & ve
KWWS FKXDQVRQJ PH Q KWWSV XUJLWDLSHL ZRUGSU
' LQIUDVWUXFWXUH
%Ev
V(EsE E
, (B %o t SCE
P W EAJ M % 4+ Jv ve 3§ Z EAS]VP
/¢W$(}$,S %t 'E AéGEZ(NVAP
}JA E(0}A Jvo | W «+]A JEE]P|5]}v
KWWS Z2Z2Z SDYHPHQWLQWHUDFWLYH RUJ

SRURXV RQ SXUSRVH SHUPHDEOH SDYHPHQWYV

KWWSYV

Z2ZZ IDPLO\KDQG\PD

KRPHRZQHU KRZ WR EXLOG D



NoXASNYep e AN Yo ' K\GR ZH QHHG JUHHOQ L

BHOH I LWV

(QYLURQPHQWDO
8VHV WUHHY DQG YHIJHWDWLRQ SURWNGH PXOWLSOH HQYL
'‘HFUHDVH ZDWHU ORVYV LQ WKH UHJLRQ

t (FRQRPLF

‘HIHUV RU HYHQ UHSODFHY FRVWOWXOBUJH JUH\ VWRUPZDWI|

SURMHFWYV
SHGXFHV WKH FRVWY IRU WUHDWPHQW DW ZDWHU UHFODPD

I 6RFLDO
KWWS ZZZ UDLQFRPPXQLW\VROXWLRQV |
,QFUHDVHV WKH TXDOLW\ RI QHLJKERWKRRGY DQG DGGV FR

+



NOAAVENCRD E=AAN IOy +RZ GRHV LW LPSURYH ZDWF

Waus v

- ++ + H++ +H+ +H +

SHVWLFLGI
IXWULHQW
SKDUPDFH)
2LO JUHD
+HDY\ PHG
%DFWHULD
6 XVSHQGH

Zu}Aou Zvlpue

_I

X W L H
VH
DOV
YL
G 6R

DW

$t %WLRORJLFDO
%LRGHJUDGDWLI
"B@K\VLFDO
$GVRUSWLRQR DQ
SUHFLSLWDWLRC
XM HPLFDO

—H =+ +=+ +H+ ++

SHUPHDEOH 3
6WRUPZDWHU
5DLQ EDUUHO
5DLQ JDUGHQ
'U\ZHOO

DY

OR®V H[FKDQJH




N VAN YcpdaAVAR Yo" K\ GR ZH IRFXV RQ UHVL

UB4XDOLW\BDQGB:DWHUVKHGY ORVBDQVK®WR®WBULYHUBZDWHUVKHG ODBVXPPDU\

f %HVLGHY RSHQ VSDFH PRVW RI WKH ODQG XVH

+t SHVLGHQWLDO DUHD LV WKH PDMRUHVURM).OAHHRI |
VXVSHQGHG VROLG DQG HWF
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, QWURGXFWLRQ %DFNJUR

bWRUPZDWHU WUHDWPHQW

&DVH  VWXGLHYV

6 XPPDU\ GLVFXVVLRQ DQG




6WRUPZDWHU %03V IRU *UHHQ KRPH

*RDO

3ROOXWDQWY UHPRYDO IRUVWRUPZDWHU

' QILOWUDWLRQ DQG UHWHQWLRQ RI VWRUP ZDWHU
ILPLW SROOXWDQW FRQYH\DQFH

5SHGXFH UXQRII SHDN DQG 'HOD\ SHDN WLPH

8VH VWRUPZDWHU IRULUULJDWLRQ
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 PSOHPHOWLQJ %03V PHDVXUHYV
*UHHQ URRI

'RZQVSRXW 30DQWHU

3HUYLRXV SDYHPHQW

5DLQ EDUUHO

5DLQ JDUGHQ

'‘UNVZHOO KWWS ZZZ P\PFPHGLD RUJ ZDWHU TXDOLW\ SURWHFWL
6NHWFKRIJUHHQ KRPH
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6WRUPZDWHU %03V IRU *UHM@UHHW

*RDO

9 3BROOXWDQWY UHPRYDO IRUVWRUPZDWHU

9 ,QILOWUDWLRQ DQG UHWHQWLRQ RI VWRUPZDWHU
9 /LPLW SROOXWDQW FRQYH\DQFH

9 5GHGXFH UXQRII SHDN DQG GHOD\ SHDN WLPH

9 8VHVWRUPZDWHU IRULUULJDWLRQ

,LPSOHPHQWLQJ %03V PHDVXUHY  fFY 222 rep smmnunmeibinane
9 BHUYLRXV 3DYHPHQWYV

9 6WRUPZDWHU WUHH WUHQFK
9 6BWRUPZDWHU SODQWHU

9 %XPS RXW

9 5DLQJDUGHAQ

9 'U\ZHOO

KWWSV ZzZZ HSD JRFWIXUHH @ KLDQN UIDMIADX



6WRUPZDWHU %03V IRU *UHHQ URRI

$SIJUHHOQUIMNRRIPXOWL OD\HUHG URRIWRS VA\VWHP GHWMJIQLH
VWRUPZDWHU UXQRII

%HOHILWY IRU VWRUPZDWHUPDQDJHPHQW

9 SHGXFHV URRI UXQRII

9 , QFUHDVHV FROQFHQWUDWLRQ WLPH IRU VWRUPZDWHU
9 SHWDLQV VWRUPZDWHU UXQRII E\ LQILOWUDWLQJ LQW!
9 ,PSURYHV VWRUPZDWHU TXDOLW\

3ROOXWDQW UHPRYDO

9 6XVSHQGHG VROLG ILOWHUHG E\VRLO HIILFLHQF\FDQ
DV KLJK DV

9 OHWDOV DEVRUEHGE\VRLO RUWRRN XS E\SODQWYV

9 IXWULHQWYV RIHWBREHRGOEWP RI EDFWHULD e senconsnon car

RUWDNHQ XSE\SODQWV 6WUXFWXUHRIJUHHQ URRI



6WRUPZDWHU %03V IRU *UHHQ URRI FRC

IROWVWRUPZDWHU EHQHILWYV
9 5HGXFHV DPRXQW RIDLUERUQH SROOXWDQWYV

9 IRDGGLWLRQVSDFHLV UHTXLUHG

9 3URYLGHVY KDELWDW IRU ZLOGOLIH

9 3URYLGHVY WKHUPDO LQVXODWLRQDQGVRXQGLQVXODW]
9 6LWHDHVWKHWLFV

Kwws Z7Zz7zZ JRRGQHW RUJ DUWLFOHFURM\S UG

LVDGEYDOWDJIHV
W VKRXOG EHUHWURILWWHG IRU
' QFUHDVHV FDSLWDO FRVW RI EXL
SHTXLUHV DSSURSULDWH YHJHWLE
YHIJHWDWLRQ PDLQWHQDQFHDC
GURXJKW FOLPDWHLQ /$

KWWS 72727 JRRGQHW RUJ DUWLFOHVURMSUBGBREHYH JUHHQ URRIV IURP D



6WRUPZDWHU %03V IRU SDLQ EDUUHO

$ UDLQ EDVYWDHERQWDLQHU WKDW FROOHFWY DQG VWHDUH |
XVHG WR LUULJDWH UDLQ JDUGHQ RU ZDVK WKMVKGEB R DG \ES
WR D KRPH

ERPSROHQWYV

9 5HPRYDEOH FRYHU ZLWK VF |

9 2XWOHW ZLWK YDOYH DQG JDUGHQ KRVH DWWDFKPHQW
9 2YHUIORZ RXWOHW ZLWK GLVFKDUJH SLSH RU KRVH

9 6WRUDJH UDQJHLQVL]HIURP WR JDOORQV

SROOXWDQW UHPRYDO

9 7T/UDSV GHEULVY DQG HIFOXGH YHFWRUV E\VFUHHQ

9 66HGLPHQW ZLOO RFFXULQ EDUUHOV

9 S HGXFHVPRELOL]H SROOXWDQWYV LQWR VHZHU V\VWHP

KWWSV z272Z ZDWHUVKHGFRXQFLO F

6NHWFKRIUDLQEL



6WRUPZDWHU %03V IRU SDLQ EDUUHO FI

%BHOHI LWV
9 &ROOHFWV H[FHHG URRI UXQRII
9 5HGXFHV UXQRIIDQG SROOXWDQW G

9 3BRWHQWLDO ZDWHU FRQVHUYDWLR R
9 /RZ LQVWDOODWLRQ FRVW
9 (DVI\WR PDLQWDLQ
POPIWIDW LR QV
OD\KDYHOLWWOHVWRUDJH FRXOGE L
'DWHU FROOHFWHG LV QRW VXLWDEO HV
FRQWDFW ZLWK IUXLWV YHJHWDEOH
0D\ QRW EH FRPSDWLEOH ZLWK VLW
OD\ DOORZ YHFWRU EUHHGLQJ LI QR W

SHTXLUHV RZQHUYGWRP B I/ QQWAKDHLPQ EDH

KWWSV ZZZ IDPLO\KDQG\PDQ FRP VPDDWQ
EDUUHO YLHZ O
ENPEWFK RIUDLOQ ET



6WRUPZDWHU %03V |IRU "'RZQVSRXW SOD((

$GRZOQVSRXWIRQUWDVIWHODHVKIRPWUXFWXUH WKDW LV GHV|
VWRUPZDWHU UXQRIITIORZWKURXJKDQG EH XVHG E\SOD

%BHOHILWV

9 &ROOHFWV H[FHHG URRI UXQRII

9 :DWHULQJ YHJHWDWLRQ

9 3BRWHQWLDO ZDWHU FRQVHUYDWLRQ VKRUW WHUP VWR
9 (DV\ WR PDLQWDLQ

9 /RZ LQVWDOODWLRQ FRVW

SROOXWDOW UHPRYDO

9 6XVSHQGHG VROLG ILOWHUHG E\VRLORUILOOLQJ
9 OHWDOV DEVRUEHG E\VRLORUWDNHQ XSE\SODQWYV
9 IXWULHQWYV RIHWBREHRCOHE\WVP RI EDFWHULD
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6NHWFK RIVWRUPZDWHU SODC



6WRUPZDWHU %03V IRU SHUYLRXV SDYHTEF

SHUYLRXV SDYBDPHIHWF LD OO\ GHVLJIDHBDWWW MPRW. KD MO\ P
DQG SUHYHQW LW IURP EHFRPLQJ UXQRII

‘LITHUHOW W\SHV Rl SHUSRURXNDMESKDOW SHUYLRXV F
LOQOWHUORFNLQJFRQFUHWH SDYHUV 3,&3

KWWSV ZZZ SZGSODQUHYLHZ R
&URVV VHFWLRQ RISHUYLRXV SDYHPHQW



3HUYLRXV SDYHPH:
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6WRUPZDWHU %03V |IRU SHUYLRXV SDYHPH

%BHQHILWYV

9 SHGXFHV VWRUPZDWHU UXQRII YROXPH DQG SHDN IORZV

9 6BHUYHV IXQFWLRQDO DQG DHVWKHWLF SXUSRVHV

9 5HGXFHV VSDFH UHTXLUHG IRU VHSDUDWH VWRUPZDWH !
TXDOLW\FRQWURO PHDVXUHV

9 S HFKDUJHV JURXQGZDWHU

OHWDO UHPRYDO HIILELHQF\ VWXG\ [URP *HUPDQ\

/IHD G + &DGPLXP +
&RSSHU + =LQF +

SROOXWDQW UHPRYDO HIILFLHQF\ VWXG\ IURP 0DU\ODQG
DQGO9LUJLQLD

6HGLPHQW + 73 71 +
+LJK UHPRYDO IRU :LQF DQG /HDG KWWS UGJXVD FRP VLWHVYLEGHVV¥RYWIOH. GDBOGW L\

6WUXFWXUHRISHUYLRXV SDYHP



6WRUPZDWHU %03V IRU SHUYLRXYVY SDYHPH:

&RPPRQ SUREOHPYVY HOFRXQWHUHG LQ SHUYLRXV SDYHPHQW
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KWWSV ZZZ HSD MIYRQLWBW\S URGXGRVXQ@WRNFWOORKDSW

ILPLWDWLRQV

&RVW Rl UHVWR UDFWOY EHP DR B MZKDDAD K MIHKP Z\KHIOW KZH. W
DQG FDQ QR ORQJHO\IPYFIWHIRRHBBEAHEHSDYHPHQW
SQHYHQ GULYLQJ MRWIDF® WDQSVSHRW B UHKSKRNMHOMHGL DK

1RW DSSURSULDWH IRU LQGXVWU IED/MHSL 8K VRRI VOKRH- 3
WR JURXQGZDWHU FROQWDPLQDWLRQ



6WRUPZDWHU %03V |IRU SHUYLRXY SDYHPH

&DVH VWXG\ 6DQG EDVHG SHUPHDEOH EULRND % HLMLQJ 20\PSLF6WDGLXP &K

7KMDQG EDVHG SHUWRMHDERRGEBHEWHDELOLW)\
ZDWHU FRQVH U Y\DHWLLR/@V DOIDEFHD \VLR@J UHVLVWDQFH
DQWL VNLG DQWLSPQRIIEQWLRIONHFRORJILFDO
FROQVHUYDWLRQ DQG HFRQRPLF EHQHILWYV

, WLV DSSOLHG LQ %YHLMLQJ 20\PSLFV 6WDGLXPDQG VTXDUH LC
Rl &KLQHVH 3DYLOLRQ RI 6KDQJKDL :RUOG ([SRVLWLRQ

&KDUDFWHULVWLFV KWWS QHZV [LRKKDQHW FRRQWHQWB

9 SHUPHDELOLW\>P PO PLQ

9 SHWHQWLRQ JUDPRVH

9 &RPSUHVVLRQ ORVV"”

9 IRUXQRII ZKHQ UDLQLQWHQVLW\” PP G

([SHFWDWLRQ

,WLVH[SHFWHG WRXDUYMH EEOQOWERQAFN FRQVWUXFWHG WR
FROOHFW EWBOPRDWHU DQQXDOO\ WKHUHE\UHFKDUJLQJ
ELOONVRVRRIPZDWHULQWR JURXQGZDWHU HYHU\\HDU

KWWS QHZV [LRKKDQHW FRRQWHQWDB




6WRUPZDWHU %03V IRU WXPS RXW

$EXPS RXWD YHJHWDW H G DRX BE) R WU G WLVRIQORMIR PW & HE QW E
LOWHUVHFWLRQ URUMRRH GL DWIHZRRIXFXRIE WKH H[LVWL

&RPSRQHQWYV

$ EXPS RXW LV FRPSRVHG RI D OD
WRSSHG ZLWK VRLO SODQWY DQG
UXQRIIl LOQOWR WKH EXPS RXW VWU?)

KWWS 727ZZ HDVWIDOOVORFDO FRP ZKDW DERXW EXPSRXWYV

)XQFWLRQV

9 5GHGXFHV VWRUPZDWHU YROXPHDQG FRQWURO SROOXWDQW V
9 5GHFKDUJHV JURXQGZDWHU
9 &0OHDQV VWRUPZDWHU UXQRII GXULQJLQILOWUDWLRQ WKURXJ
JRRQRIYHIJHWDWLRQDQG GHWHQWLRQLQ WKH XQGHUO\LQJ O]
KWWS ZZZ HDVWIDOOVORFDO FRI
KWWSV YLPHR FRP 6NHWFK RI EXPS RXW




6WRUPZDWHU %03V IRU 6WRUPZDWHU SC

$VWRUPZDWHL SIDOWRWRIZDWHU SODQWHU LV D VSHFLDOL
FRQWDLQLQJ DQ HWULQ HRQN GVWRLEN RRDOO D\ WD & ISMRW P
WKDW LV GHVLJQHG WR FDSWXUHDQ®PDQDJH UXQRIIIUR
SODOWYV UHFRPPHQGDWLRQ

1IDWLYH GURXJHKIW WRWOIHRXD @AMWUDHWVI KBURW IV OQ RV LKRRDXUWR U MW KD A IDG
VHGJHYVY UXVKHV IHUQV VKUXEV HWF

JXQFWLRQV

9 3URYLGHVY WHPSRUDU\VWRUDJHIRUVWRUPZDWHU

9 SHFKDUJHV JURXQGZDWHU

9 3XULILHV VWRUPZDWHU UXQRII GXULQJ
D ,QILOWUDWLRQ WKURXJKURRW JRRQ RI YHIJHWDWLRQ
E "HWHQWLRQLQ WKHXQGHUO\LQJVDQG EHG

SHPRYDO HIIILFLHQF\

/66 + OHWDOV +
1LWURJHQ + SKRVSKRUXYV +

KWWS ZZZ SKLOO\ZDWHUVKHG
&URVV VHFWLRQ RIVWRUPZDWHU



6WRUPZDWHU %03V IRU 6OWRUPZDWHU SODC(

$GYDQWDJIHV
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5HGXFHY SHDNIORZ GXULQJVPDOO VWRUP HYHQWYV
/IRZFRVW ZKHQ LQWHJUDWHG LQWR VLWH ODQGVFDSLQJ
SHFKDUJHV JURXQGZDWHU

SHTXLUHVY OLWWOH VSDFH VXLWDEOHIRU SDUNLQJ ORW
(QKDQFHV VLWH DHVWKHWLFV
3RWHQWLDO ZDWHU FRQVHUYDWLRQ VKRUW WHUP VWF
(DVI\WR PDLQWDLQ

‘LVDGYDOWDJHYV

1RW VXLWDEOHIRULQGXVWULDO DUHD

SHTXLUHV LUULJDWLRQ

1RW VXLWDEOHIRUVWHHS VORSHDUHD

SRWHQWLDO FRVW GXHWRZDWHUSURRILQJEXLOGLQJ ZLC

KWWS UGJXVD FRP VLWHVYLEHV¥RVWOIH. GDBDG W L\
6WUXFWXUHRIVWRUPZDWHU



6WRUPZDWHU %03V IRU 6WRUPZDWHU WU

$VWRUPZDWHU MWE HVWUIMHHFEFIRT WUHHY WKDW LV FUROQ\LHRFQV WG UEA F
RI D WUHQFK OLQHG ZLWK JHRWH W DG H ODEW VR Z 0 WEKR MW UXF \& K |
JXQFWLRQV
9 SHGXEHV SHDN IORZDQG GHOD\ S WY ALY
9 GHFKDUJHV JURXQGZDWHU
9 &0OHDQV VWRUPZDWHU UXQRII GXULQJLQILOWUDWLRQ
WKURXJK SODQWY DQG VRLO PHGLD

‘'LVDGYDOQWDJHYV

1RW VXLWDEOHIRULQGXVWULDODUHD

1HHGV SHULRGLFDOO\PDLQWHQDQFH UHPRYHOLWWHUV LQV
SHTXLUHV LUULJDWLRQ

OHGLD FORJJLQJ

SHEFRPPHOQOGHG SROOXWDOW UHPRYDO HIILFLHQF\

766 OHWDOYV
71 %DFWHULD
SDWKRJHQ KLJK 2LOV DQG JUHDVH KLJK

+\G U RFDU ERQV KWWS 727ZZ QLDQWLFULYHUZDWHUVKH
73 PHGLXP + KLJK GHSHQG RQ HQJLQHHUH GPRIPG LoD VWRUPZDWHU PDQDIHPH



6WRUPZDWHU %03V IRU 'U\VZHOO

$GU\ ZIMOMFRYHUHG SRURXV ZDOOHG FKDWFREHU L) KAMCRNVWEKH

LQILOWUDWH LQWR JURXQGZDWHU LWV GHBWYHGE 00Q HRW M!
/[," SUDFWLFH

ODOXHV RI XVLQJ GU\ZHOOLQ &DOLIRUQLD

9 &DSWXUHVY DQG VWRUHYV XUEDQ VWRUPZDWHU UXQRII

9 ) DFLOLWDWHYV VWRUPZDWHU LQILOWUDWLRQ HYHQ LQ FOD\ VRI
9 ,PSURYHV VXUIDFH ZDWHU TXDOLW\

9 ) DFLOLWDWHYV JURXQGZDWHU UHFKDUJH

9+HOSV PHHW K\GURPRGLILFDWLRQPDQDJHPHQW JRDO

‘LVDGYDQWDJHYV

OD\ QRW EH DSSURSULDWH IRU LQGXVWULDO VLWHYV

&DQQRW UHFHLYH XQWUHDWHG VWRUPZDWHU UXQRII
SHTXLUHVY FRPSOHWH UHFRQVWUXFWLRQ IRU IDLOHG GU\ ZHO
,V QRW VXLWDWGN RURROWWHHS VORSF

,V QRW DSSURSULDWH IRU DUHDVKZLW Ky sx 4pwadd WPk bR & b LM bont.
JURXQGZDWHU OHYHOV ENHWFKRIGU\ZHOO




6WRUPZDWHU %03V IRU 'UVZHOO FRQWY

&URVV VHFWLRQRI GU\ZHOO
OHFEKDOLVP RIGU\ZHOO

6WRUPZDWHU LV SUHWUHDWPHQW E\ RWKHU

VWRUPZDWHU %03V
SHFHLYHV VWRUPZDWHU IURPRQHRUPRUH HQWU\

SRLQWV
6FUHHQHG E\LQOHW JUDWH
6HGLPHQWDWLRQRFFXUV LQILUVW FKDPEHU

JLOWHUHG E\GLIITHUHQW OD\HUYV

6WRUHV VWRUPZDWHU
‘'LVFKDUJH VWRUPZDWHU WKURXJKVPDOO RSHQLQJV

SHPRYDO HIILFLHQF\

766 +
73 +
71 *

KWWSV 7Z72Z \RXWXEH FRP ZDWFK"Y X&)\O<3;N&( OLVW 3/JQ <1PY Z<
)7$ )D$&7'(ZD;.0 .3L.\

KWWS Z7ZZZ HONJURYHFLW\ RUJ FLWOBKBZRUGNH/SOGUVBZHQW BB G R WILHAMW
BGU\BZHOOBSURMHFW SURMHFWBVWRUPZDWHUBDQGBJURXQGZDWHU



6WRUPZDWHU %03V IRU SDLQ JDUGHQ

$UDLQ JIDIMGBQY HIHWDWHG VKDOORZ GHSUMWW.RIQWBRQ @&/ L

VWRUPZDWHU UXQRIlI TIURP GRZQVSRXRWDSMPFH® LQID HWYWH

$GYDQWDJIHYV 5SHPRYDO HIILFLHQF\IRUDOO NLQGV RI
9 SGHGXFHV VWRUPZDWHU US®RII $PPRQLD

9 SHFKDUJHV JURXQGZzDWHYNURIHQ * SKRVSKRUXYV *
9 (OLPLQDWHYV SROOXWDC?\'NQCELVFRDUJH &RSSHU *

9 :-DWHU FRQVHUYDWLRQ /HDG + %DFWHULD

9 (QKDQFHV VLWH DHVWKHWURFDUERQ

9 (DV\ WR PDLQWDLQ

9 3URYLGHV KDELWDW IRU ZLOGOLIH

'LVDGYDQWDJHYV

+H H+ H+ H+ +H

1RWVXLWDEOHIRULQGXVWULDO DUHD
SHWHQWLRQ YROXPH PD\ EH OLPLWHG
OD\ UHVXOW LQ VWDQGLQJ ZDWHU WKDW DOORZV YHFWRU EU
SHTXLUHVY UHODWLYHO\ IODW VLWH DQG KLJK K\GUDXOLF FRC(

EHTXLUHV PD LQWH Q DQ EH ZZZ JUHHQLQJWKHJUH\ RUJWLR® D\@ XKLL
6NHWFK RIUDLQ JDUGHQ



6WRUPZDWHU %03V IRU SDLQJDUGHQ FR

'LITHUHQW WA\SHV RIUDLQ JDUGHQ 7\SH

SHERPPHQGHG DUHD

9 $UHDV ZKHUH KLJK UHFKDUJH RI JURXQGZDWHU ZRXOG EH E&
9 $UHDV WKDW DUH H[SHEWHG WR JHQHUDWH QXWULHQW UXQR
9 $UHDV ZKHUH YLVLELOLW\ LV QRW D FRQFHUQ

&SKDUDFWHULVWLEFV

9 .LWKQOQR XQGHUGUDLQ GLVFKDUJH SLSH
9,0 VLWXVRLO KDV KLIJKLQILOWUDWLRQ UDWH
GHWHUPLQHG WKURXJK SURSHU VRLO WHVWLQJ
LOFK KRXURUJUHDWHU
9 $W OHDVW |IHHW GHHS WR DOORZ DGHTXDWH
ILOWUDWLRQ SURFHVVHYV WR RFFXU
9 1R OLQHU RU JHRWH[WLOH IDEULF
9 6RLO PHGLXP FRQVLVWLQJ RI i KWWSVRDQ)IDC;FRPSHUPDFXOWXUHBHNVJQFRI
* WRS VRLO DQG * OHDI &URVV VHEFWLRQRIUDLQ JDUGF



6WRUPZDWHU %03V IRU SDLQJDUGHQ FR

'LITHUHQW WA\SHV RIUDLQ JDUGHQ 7\SH
SHERPPHQGHG DUHD

9 $UHDV ZKHUH SDUWLDO UHFKDUJHRI JURXQGZDWHU ZRXOG I
9 $UHDV WKDWDUH H[SHFWHG WR JHQHUDWH QXWULHQW DQG

9

9LVXDOO\ SURPLQHQW RU JDWHZD\ ORFDWLRQV LQ D FRPPXQ

&SKDUDFWHULVWLEFV

9

© ©O© ©

8VHV DQ XQGHUGUDLQ GLVFKDUJH SLSH
1RLPSHUYLRXV OLQHULV XVHG SDUWLDO UHFKDUJH
'HSWK LV VKDOORZ WR DOORZ KLJK FDSDFLW\ IORZV
30DFH ILOWHU IDEULF FRXOGEHUHSODFHG E\SHD JUD
GLDSKUDJP RYHU WKH JUDYHO EODQNHW LQ WKH YLFL
XQGHUGUDLQ SLSH RQO\

8VH D JUDYHO %ODQNHW DURXQG XQGHUGUDLQ KHOSV

GUDLQ IUHH RI SRVVLEOH VRLO WUDQ\£§R M
SURYLGHY D UHFKDUJH J]RQH

FWLRQRIUDLQJLC



6WRUPZDWHU %03V IRU SDLQJDUGHQ FR

'LITHUHQW W\SHV RIUDLQ JDUGHQ 7\SH

SHEFERPPHQGHG DUHD

9

$UHDV ZKHUH KLJKHU QXWULHQW ORDGLQJDUH DQWLFLSDWI

&SKDUDFWHULVWLFV

9
9

© ©

8VHV DQ HOHYDWHG XQGHUGUDLQ GLVFKDUJH SLSH
LOQFRUSRUDWH D IOXFWXDWLQJ DHURELF DQDHURELF
]RQH EHORZ WKH UDLVHG XQGHUGUDLQ GLVFKDUJH
SLSH

3URYLGHY D VWRUDJH DUHD EHORZ WKH

XQGHUGUDLQ GLVFKDUJH SLSH

SURYLGHY D UHFKDUJH J]RQH

1R ILOWHU IDEULF LV XVHG RQ WKH VLGH ZDOOV RU
DW WKH LOQYHUW RI WKH IDFLOLW\ GLVFKPUIHNGLSHY FrP !

&URVV VHFWLRQRIUDLQ JDUGH



6WRUPZDWHU %03V IRU SDLQJIJDUGHQ FR

'LITHUHQW W\SHV RIUDLQ JDUGHQ 7\SH

SHFRPPHQGHG DUHD

9 $UHDV WKDW DUH NQRZQ DV KRW VSRWV JDV VWDWLRQV W
DQG WUDQVSRUWDWLRQ GHSRWYV

&SKDUDFWHULVWLEFV

9 8VHVY DQ XQGHUGUDLQ GLVFKDUJH SLSH

9 , PSHUYLRXY OLQHU EHWZHHQLQ VLWX VRLOV DQG WKH
SsODQWLQJ VRLO PHGLXP LVGHVLJQHG WR UHGXFH RU
HOLPLQDWH WKH SRVVLELOLW\ RI JURXQGZDWHU
FROWDPLQDWLRQ

9 3URYLGHY D OHYHO RI WUHDWPHQW VWULFWO\ WKUR X.
ILOWUDWLRQ SURFHVVHY WKDW RFFXU ZKHQ WKH UXQF
PRYHVY WKURXJK WKH VRLO PDWHULDO WdRwNzKz IdncXu @ €N dd
GLVFKDUJH SRLQW &URVV VHFWLRQRIUDLQ JDUG



6WRUPZDWHU %03V IRU SDLQ JDUGHQ FR

OHFKDQLVP RIFRPPRQ FRQWDPLQDQW UHPRYDOLQ UDLQ JI

&ROORLGDO SDUWLFOHY DUH UHPRYHG DUH UHPRYHG IURP
VWRUP ZDVOMUUBD\W LR Q

'LVVROYHG FKHPLFDO DQG ELRORJLFDO FRQWDPLQDQWYV PD\ EH
UHPRYN® ESR\QWR PHGLD VXUIDFHYVY GXULQJ LQILOWUDWLRQ

D ,RQH[FKDQJH SKRVSKDWH PHWDOV

E &KHPLVRSUWLRQ PHWDOV SKRVSKDWH RUJDQLFV SDWKRJHQV
F SBUHFLSLWDWLRQ PHWDOV SKRVSKDWH

&KHPLFDO FRQWDPLQDQWY PD\ EH WUDQVIRUPHG DELRWLFDOO\ E\
K\GURO\VLY R[I[LGDWLROQRQU HRIBBXGEGMOLRQ UHDFWLRQV

%LRWUDQVIRUPDWLRQ WKH GLYHUVH PLFURELDO FRPPXQLWLHYV
LOWHUWKWGLVVROYHG DQG VRUEHG FRPSRXQGYV

+HWHURWURSKLFEDFWHULD GHFRPSRVH SROOXWDQWV WRJDLQ HQHU
IRUV\QWKHVLVRIQHZFHOODQGIRUUHVSLUDWLRQDQG PRWLOLW\

$XWRWURSKLFEDFWHULD R[LGLIHLQRUJDQLF SROOXWDQWV IRUHQHU.
30 DKW BBNMYVROYHG QXWULHQWYV DQG PHWDOV

KWWSV ZDWHUBGSGURMH/W H- RFOHV Z RN DHHH\C



5DLQ IDUGHQ FR

6WUDWHJIJLHV IRUHQKDQFLQJ SROOXWDQW UHPRYDO

6WUDWHJ\ OHGLD DPHQGPHQWYV
1. Media amendments to enhance sorption

9 OHWDOV UHPRYDO FDQ EH H@&USN—%W\RLBLQHLFB@WHG VDQGV t
RI PHGLD ZLWK KLJK FDWLRQ Hy—: b\lﬁjjﬁﬁ%?ﬁL\F/w‘E%F\/v\vaDL{/vLLDp B\?v
&(& OLNH]HROLWHV DQG * © J

9 OHGLD H[KLELWLQJ JRRG uHgéﬁ@ﬁ)&ié@?’\ﬁ%%ﬁﬂ\l{&%USJRHVGLV;’{b

LQFOXGH $0 RU )H R[LGH=Z%F HErRYRO &\ PRGPYKDSDEOH RI K
VKDOH FHPHQWLRXVPHGLD DQ&GROERHYMWWRQH

SRWHOWLDO 6WRUPZDWHU ,QOILOWUDWEHRQ OHGLD S5SHSUHVHQWDWLYH

< }dvs E & DuoZ
e L e e L L L
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6WRUPZDWHU %03V IRU

5DLQ JDUGHQ FR

6WUDWHIJLHV IRUHQKDQFLQJ

BWUDWHJ\ DPHQUGIP HQYWT G

SROOXWDQWUHPRYDO

2. Media amendments to enhance contaminant transformation 4. Media amendments to enhance biotransformation

9 FKHPLFDO DQG ELRORJLFDO WUDQ VIR $RIEM LR RRUH RF VOLREIVOAR RQG L
UHVXOW LQ PLQHUDOL]DWLRQ RI RUIJDRLR &R WERO APRNVIVY L W\
GHQLWULILFDWLRQ RU VWDEOH WUD Qg |RYR PMLR R GG W Ve W 3
SRVH SRWHQWLDO ULVNV WR JURXQGZHWHU R ¥ ¥ TIOFH ZRW IR« -

3. Media amendments to enhance abiotic reaction

VXFK DV 3%$+V

9 SHDFWLRQV ZLWK JHRPHGLD OQORY4GEH1L WROMAD WRLQRIILOWUDW

PLQHUDOV DUH FDSDEOH RI R]
FRQWDPLQDQWY OLNH SKHQRO
DPLQHV DQG DURPDWLF WKLRC
9 *HRPHGLD ZLWK D VXIILFLHQW
JHUR YDOHQW )H =9, KDV EHH
KDORJHQDWHG RUJDQLF FRPS
9 3RVLWLYHO\ FKDUJHG VXUIDF#
LODFWLYDWLRQ RI SDWKRJHOQ

LGLMRY PWOXYEWWVYHRIDQG EHKI

LF FRPERCGILGM DURPDWLF
)V

0\ OBM'—W%@WRWHQWLD

10 HPERRHERWH PP & ORIV ZK
RXQG\}O‘B‘%ﬁ@E HRY bR B IPL WIHO VBH
1v PDY Rk PN

Lo G LUEDYFRR/DQG QXWULHQWYV
WKH PHGLD



6WRUPZDWHU %03V IRU SDLQ JDUGHQ FR

6WUDWHIJLHV IRUHQKDQFLQJ SROOXWDQW UHPRYDO

6WUDWEBRQWURO RI K\GUDXOLFV DQG VDWXUDWLRQ

9 3BDUWLFOH GHSRVLWLRQ ZLOO IRUW DVFDNHOMDHHUZKYIFK WDV HQKW @H
ZDWHU LQILOWUDWLRQ UDWHYV

9 ORLVWXUH FRQWHQW ZLWKLQ WKH P QFURWUDO DR M VW H B UTHOAHR WQ:

9 ,QFUHDVHG ZDWHU UHWHQWLRQ W LHW VP ID\QEH SEHRPHRIW E RIORIIRID MRQMD
LW UHTXLUH HLWKHU JUHDWHU VWREBBJH YROXPH RU WUHDWPHQW V

9 6XUIDFH RI SRQGHG JRQHV LQ ELR U W HCD/ELRD WV R BV VKBRXIOG QR

6WUDWBDOOLSXODWLRQ RI UHGR[ FRQGLWLRQV

9 OLFURELDO FRPPXQLWLHYVY UHVSRQVLEOH IRU WUDQVIRUPDWLRQ E\ F
9 )RUFLQJ HIWHQGHG VDWXUDWHG FRQUIWHWR @V PV R HWQIKQIF H KGIH /L MJQ
PLFURDHURSKLOLF DQRJ[JLF RU DQDIMHREXRGROGUWLARQ W U DDA I$HH
Potential drawback:
I FRQWDPLOQDQWVQHUDQRMGAGXWHEH SURGXFWY RI DHURELF DQG DQD
LOQOWHUPHGLDWH PHWDEROLWHY RI BRYHRWORHHFUW KBIOGWKBUB FROQNQ




5DLQ IDUGHQ FR

&836(678'<(GLOEXUJK *DUGHQY BDBHIOERXU@H $XVWUDOLD

7KH SURMHFW LQYRWRHBZDRAWHUF LWORP WKH 1RUMWKG) IGW YUHRAWIIDQ D L'WDW R
GHVLIQHG WHUUDFHG UDLQ JDUGHQ ZLW WIKH WKUIHH DGVLH)E X D WKHAD B B HQ@J
VWRUDJH DQG LUULJDWLRQ RI WKH WHHHYFAAWKLQ WKH SDUN DQG OR

%DFNJURXQG LOIRUPDWLRQ

I1DPHGLQEXUJK *DUGHQV 5DLQJDUGHAQ
IRFDWBRQ*HRUJHY 5RDG )LW]JURN 1IRUWK OHOERXUQH
$XVWUDOLD

'HVLJQ <HDU

<HDU RI &RQVWUXFWLRQ

$UHD P

NWXGIHW

,PDJH FUHBXLWV+' RZQHG

(GLQEXUJK*DUGHQ

KWWS ZZZ ODQGH]LQH FRP LQGH[ SKS
JDUGHQV UDLQJDUGHQ E\ JKG SW\ OWG



5DLQ IDUGHQ FR

&$6( 678 '<(GLOEXUJK *DUGHQV 5DLQ JDUGHQ FRQWIYG

ODLQ FRPSROQHQWVY RI SURMHFEW

f 'LYHUVLRQ SLSH IURP 1RUWK )LW]JURW DMWD'SIDLQ ZLWK JURVV SROO

t 6XUFKDUJH SLWDL@WFRUGHQ

+ THUUDFHG UDLQ JDUDGMH) O WEWLSSIURGE ILOWHU PHGLD WR WUHDW

f 2YHUIORZ SLW ZLWK XQGHUJURXQG SUSXQBHUBBERRBIGWHG WR D N
VWRUDJH IDFLOLW\ ZLWK SXPS WR LUULJDWLRQ GLVWULEXWLRQ V\V

ODLQ GHVLJQ IHDWXUHYV

f¥f )LOWHU PHGLD DQG DSSURSULDWH SPDODOWHUWKDW KHOS WR WUHDW
WKURXJK XSWDNH RI H[FHVVLYH QXWULHQWY DQG ILOWHULQJ ILQH "
¥ 3=LJ |]DJJIJLQJ" IHDWXUHV ZKLFK PDLQWDLQ WKHIORZDW D ORZ YHORI
FRQQHFWHG WR WKH VXUFKDUJH SLW MKWDMNWIBHQRYHUY ZDWHU WR D

6WRUPZDWHU PDODJHPHQW

f SHPRYHV NJ WRWDO VXVSHQGHG VROLGV DQQXDOO\
t SHPRYHV NJ QXWULHQWYV SKRVSKRUXV DQG QkWURIER. DQQ XRQ
+ 3URYLGHV DURXQG RI WKHLU LUULJUBMIRO QM4 RY UPFRIPULERLEQESCY 1P

t BHGXFHV SRWDEOH ZDWHU XVH IRU UVLWHDIDWLRQ E\ (CPRFEIRGYUSLE R+



5DLQ IDUGHQ FR

'QQRYDWLYHWHFKQRORJ\ ELRK\GURFKH P WPIHIRON HR §

'HILQLWLRQ

ORGLILFDWLRQV WR VWUHDPEHG K\GXmMDWIERFR G B WRZ\W HOL WX UWWB FLHP 3D ¥
VHGLPHQWY ZKLFK LV NQRZQ DV K\SRUKHLIVFDBI WRBDB I +\SRIUK.L E & YW
UHVWRUDWLRQ DQG ELRJHRFKHPLVWU\ EHFDXVH RI WKH K\SRUKHLF ]R
PLWLIJDWLQJ WHPSHUDWXUH IOXFWXDWLRQV

6BWUXFWXUH

7KH %(67 PRGXOH PD\ FRPSULVH DQ XSNRWUGIPOFPWEIRWN RI ORZ K\GUDX
PDWHULDO D GRZQVWUHDP EORFN RILDB8Z WARURMX (PLRFUHRQGXFWLY LW\
%(67 PRGXOHYVY PD\ EH SRVLWLRQHG

&URVV VHFWLRQRI (GL

KWWS ZZZ ODQGHJKQH FRP HRIGHHE XU 1 Q IDWEGH@ E\UIKG SW\ OWG



5DLQ IDUGHQ FR

,QQRYDWLYH WHFKQRORJ\ ELRK\GURFKHPWFPHIXAN HIR

$SGYDQWDJHV

9 SURPRWHYV K\SRUKHLF H[FKDQJHY DQG FRUUHVSRQGLQJ K\SRUKHLF L
9 (QKDQFHV UHPRYDO RI YDULRXV FRQ\WDRWLGRIDQMWR/I E \BVAARNMEXE WBLNDOMOY
9 3URYLGHY DGGLWLRQDO ZDWHU TXBIGLIO OQIR W ODH WIRNY HH KCRIAHR k
9 :LWK UHDFWLYH JHRPHGLD PD\ KHOS LHOMB ER QIHPRR DD VVQDH VR Y D W I

"ULYHV RI K\SRUKHLF
HIFKDQJH

I OHDQGHUYV QLWULILFDWLRQ
T %HGIRUP GHQLWULILFDWLRQ
I ,Q FKDQQHO REVWDFOHYV
T 7RSRJUDSKN\
I +\GUDXOLF
FRQGXFWLYLW\
KHWHURJHQHLWLHYV

KWWS ZDWHU HQJU SVX HGX JRRVH
KWWS VXVD VWRQHGDKO FRP UHVHDUFK KWPO

OHFKDQLVP RIQLWURJHOQ



N W’ 1 N ] =l N Y

,(OQWURGXFWLRQ %DFNJUR

6WRUPZDWHU %03V IRU UH)

&DVH VWXGLHYV

6 XPPDU\ GLVFXVVLRQ DQG




6WRUPZDWHU WUHDW 6WRUP ILOWHU

+RZGRHY LW ZRUN"™

9 BWRUP ZDWHU HQWHUV WKH LQOHW SLSHV DQG
FROOHFWLRQ XQLWV DQG SDVVHV WKURXJK WKH ILOWHU
DQG ILOOV WKH FHQWUDO FDUWULGJH

9 8SRQ ILOOLQJ WKH FDUWULGJH WKH IORDW YDOYH LV
RSHQHG ZKHUH WKH ZDWHU LV ILOWHUHG DQG
GUDLQHG

9 $ VLSKRQ LV DFWLYDWHG E\ WKH FORVLQJ RI D
YDOYH DQG W ISHR® QWWGHEDZDWHU LQWR
WKH GUDLQDJH WXEH )LOWHU ZDWHU LV GLVFKDUJHG
RXW RI WKH DSSDUDWXV E\ DQ XQGHU GUDLQ
VI\VWHP

9 %ORZLQJ WKH KRRG PDNHV WKH ZDWHU OHYHO ULVH
XS DQG DLUWHHVEKHIXDOWRUV WKDW  qwws 227 0IR00 LG QHBMAHRP 2 B LW 300

EUHDNV WKH VLSKRQ DQG UHOHDVHY WKH ZDWHU
FROXPQ VHH ILIXUH $ 6WRUP ILOWHU LQ SUDFW




GWRUP [LOWHU F

KWWS ZZZ LPEULXPW\IVOWHP G RRPPHRUB/RFYF3IWHWHK@GDHDOBL]H 'LVWULEXWRQ SGI



AVARSVESVADRVACRURAURCEORVE 1 XWULHQW VHSDUDWLQJ

SROOXWDOW UHPRYDO

ft SHGXFHV WKH FRQWDPLQDQW ORDG LQ VWRUPZDW!|
t SHPRYHV VHGLPHQW GHEULV OLWWHU DQG RUJDQ
PDWWHU

I S HPRYHV K\GURFDUERQV DQG EDFWHULD
f " HFUHDVHV WKH ELRORJLFDO R[\JHQ GHPDQG RI LQ

KWWS PVX ZDWHU PVX HGX PDQDJLQJ VWR

$ 16%% LQ SUDFWLFH



%D\ VHSDUDWR!

+RZGRHYVY LW ZRUN"™

F ., QLWLDO LQIORZ LV WUHDWHG WKURXJK WKH VHULHYV
RI PDQKROHYV

I 'XULQJ PD[LPXP IORZ UDWH DOO RI WKH
UXQRII LV WUHDWHG LQ WKH SULPDU\ PDQKROH

t :DWHU FRQWDLQLQJVHGLPHQWY RLOV DQG
IORDWDEOHV LV GLYHUWHG WR WKH VWRUDJH
PDQKROH IRU D VHFRQGDU\ WUHDWPHQW
SURFHVV

I 6XVSHQGHG VROLGY DUH UHPRYHG E\ JUDYLW\
LQ WKH SULPDU\ PDQKROH

KWWS PVX ZDWHU PVX HGX PDQDJLQJ VWR

6FKHPDWLF GLDJUDP RI D ED\ V



RAWACE VRN ADRAWVARURVAVEEDRAWAE &SROWLQXRXV GHIOHFWLYH VH!

+RZGRHYVY LW ZRUN"™

 1RQ PHFKDQLFDO VFUHHQLQJ SURFHVV WKDW UHPRYHV VXVS
VROLGVY DQG IORDWDEOHV IURP VWRUPZDWHU IORZ

f 5DZ VWRUPZDWHU HQWHUV WKH XQLWY{YV FKDPEHU D GLYHUVL
JXLGHV WKH IORZ LQWR WKH VHSDUDWLRQ FKDPEHU ZKHUH D
IRUPHG LWVSLQV WKH VXVSHQGHG VROLGY DQG IORDWDEOH
FHOQOWHU RI WKH VHSDUDWLRQ FKDPEHU DQG WKHQ WR WKH F

VXPS
t 7KH VFUHHQHG OLTXLG WKHQ PRYHV WRZDUG WKH RXWOHW [
F O H D Q H G Z DW H U W K H Q LV I U H H W R F?(VBWZ HPV)WDRVVHU PVXIEIGXLJPDQDJI!_éJLvvaUPZ[\)]‘

&URVV VHFWLRQ R
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6WRUPZDWHU WUHDW &RPSDULVRQ RIUHPR®

d 2v} 3 PCiC | dwW
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N W’ 1 N ] =l N Y

,OQOWURGXFWLRQ %DFNJUR

6WRUPZDWHU %03V IRU UH)

bWRUPZDWHU WUHDWPHQW

6 XPPDU\ GLVFXVVLRQ DQG




*HRJUDSKLFDO ORFDWLRQ RI IR




&DVH V &,, 6RKUDEML *RGUHM *U Hiydgrebaxi Mrd@

%HQHILWV

9 $]HUR GLVFKDUJH EXLOGLQJ

9 UDLQ ZDWHU KDUYHVWLQJ
9 :DWHU OHVYVY XULQDOV LQ PHQTVY UHVWURRPYV
9 SRRI JDUGHQ FRYHULQJ RI URRI DUHD

9 SBWLOL]J]HVY 5RRW =RQH 7UHDWPHQW 5=:7

KWWS ZZZ JUHH QER®/ VQWWVIFIHLQE B H Q ¢

&,, 6RKUDEML *UHHQ % XLVQHYV



&DVH YV

&,, BRKUDEML *RGUHM *U HydRrahad Mid@ HF\R\D 8

SRRIIJDUGHQ

KWWSV

LPDJH ARFA & HO/HKDHFGIQ Q D O

I SEVRUELQJKHDWDQG UDGLDWLQJLW

+H +H

LOQWR WKHEXLOGLQJ 7KLV LV
PLOQLPL]JHG WKURXJK WKH URRI
JDUGHQV FRYHULQJ RIWKH URRI
DUHD

SDLQ ZDWHU KDUYHVWLQJ
6HHSDJHLQWR WKHJURXQG KDV EHHQ
LQVWDOOHGLQ SHGHVWULDQDUHDVLEL
SDUNLQJDUHD

SKSDSS VRKUDEML JRGUHM JUHHQ EXVLQHVV FHQWUH



&DVHYV &,, 6RKUDEML *RGUHM *U Hiydgradbad Mnid@ HF\R\D &

)JXQFWLRQRID ZDOO PHVK -DOL

KWWSV 7Z7ZZ VOLGHVKDUH QHW VPLY®SWDQMDQVD



&DVH V &,, 6RKUDEML *RGUHM *U Hiydgradsaxd Mnd@ HF\R\D &

SRRW ]RQHWHFKQRORJ\

95RRW JRQH WHFKQRORJ\ LV D ORZ HQHUJ\ ORZ
PDLQWHQDQFH DQG QDWXUDO DSSURDFK WR WUHDW
GRPHVWLF VHZDJH
9,W LV D ZDVWHZDWHU WUHDWPHQW WHFKQLTXH
FROQVLVWLQJ RI FRQVWUXFWHG ZHWODQG ZLWK
VXEVXUIDFH IORZ RI ZDVWHZDWHU
97KH ZHWODQG D OLQHG|EDVLQ FRQWDLQLQJ
PHGLD DQG ZHWODQG SODQWYV WUHDWYV we swno be Lo FRxUYH
ZDVWHZDWHU E\ D YDULHW\ RI SK\XLFBQ 4 y( 572 @E))s i}y & zv)
FKHPLFDO DQG ELRORJLFDO PHDQV




, [ &

&DVH YV

*D U G BehgdluduQndia

97KH 5R\DO *DUGHQLD LV WKH
SODWLQXP UDWHG KRWHO

97KH KRWHOTTV $WULXP OREE\
/KHUH DUH QR GRRUV DQG WK
FRROHG $OVR WKH OREE\ IH
JDUGHQV ZLWK D PL[ RI SODQW
GULS LUULJDWLRQ

9 7KH KRWHRQH RI WKH ILUVW KR
WKH FRQFHSW RI YHUWLFDO
JDUGHQV ULVH WRZDUGV WKH H
IURP QDWXUDO VRXUFHV RU W
OLIKWLQJ V\VWHP

ZRUOGYV ODUJHVW /(('

LV QRW DLU FRQGLWLRQHG
H ZKROH OREE\ LV ZLQG
DWXUHV YHUWLFDO KDQJLQJ
'V WKDW DUH ZDWHUHG XVLQJ

WHOV LQ ,QGLD WR FUHDWH
KDQJLQJ JDUGHQV 7KHVH
“HLOLQJ /LIJKWLQJLV SURYLGHG
KURXJK DQ HQHUJ\ HIILFLHQW

KWWS ZZZ VWDUZRRGHR/SHOW F RF HRX KHTZRISHBIN[\ KW

, 7& S5R\DO *DUGHQLD %DQJDC




&DVH YV

7& *DUG B&gduluQndia FRQW G

/ILYLQJ ZDOOV

9/LYLQJ ZDOOVEIZD uPXYHJHWD

O RU

YHUWLFDO JDUGHQYVY YHIHWDW$HRYBODQHOSWH
RULQWHJUDWHG IDEULF VA\VWHPV WKDW DUH DIILI[HG WR D

VWUXFWXUDO ZDOO RU IUDPH

90RGXODLDIFRPSULVHG RI SRO\
FROQWDLQHUV JHR WH[WLOHYV
PHGLXP DQG YHIJHWDWLRQ

9/LYLQJ ZDOOV SHUIRUP ZHOO L
LOQWHULRU DSSOLFDWLRQV DQ
DQG WHPSHUDWH ORFDWLRQV

SURS\OHQH SODVWLF
LUULIJDWLRQ DQG JURZLQJ

Q IXOO0O VXQ VKDGH DQG
G FDQ EH XVHG LQ ERWK WURSLFDO

KWWSV JUHHQZDOO ZRUGSVMNDML GBEPOH I

6WUXFWXUHRIOLYLQJZD



. 7& *D UG iBeyauiuQndia FRQW G

ILYLQJ ZDOOV

%HQHILWV

9,PSURYHPHQW RI $LU 4XDOLW\

95HGXFWLRQ RI BUEDQ +HDW ,VODQG (IIHFW o
90RGHUDWH %XLOGLQJ 7THPSHUDWXUHYV 'V'l 1(CJAlvP A oo
9&RQWULEXWH WR &DUERQ 'LR[LGH 2[\JHQ ([FKDQJH

96 WRUPZDWHU ODQDJHPHQW DEVRUEV RI
UDLQIDOO

9+DELWDW DQG %LRGLYHUVLW\

Kude] }(0]A]JvP A oo

KWWSV ZzZZ KRWHOV FRP KR LWEF KRPWE B CHHDQD DADX{ X



5D L Q J D BaBfeix@Cau@ty, Virginia, USA

'DWHUVKHG FRQGLWLRQ RI WKH UDLQ JDUGHQ

t DFUH VI GUDLQDJHDUHD
¥ DFUH VI LPSHUYLRXV DUHD
¥ UM.Q JDUGHQ IRRWSULQW

6RXUFH KWWSV DAWDMRF VWDWIUHVE HFHW HD HHE H
HVLGHQWLDOBS5DLQB*DUGHQV SGI



5D L Q J D BaBfeix@Tauty, Virginia, USA FRQ W !

/KH UDLQ JDUGHQ FURVV VHFWLRQ

6RXUFH KWWSV DFAWDMRAF VWDWIUHVE HFH W HD H H E H E S5HYBGEBHQGH QD B%0



5D L Q JD BaBfEixTauty, Virginia, USA FRQ W

5DLQ JDUGHQ FRQVWUXFWLRQ

QVWDOOLQJ VW
%LRUHWHQWLR(
IDQGVFDSLQJ
2XWOHW SLSH
FRQWURO

6RXUFH KWWSV DAWHDMRA VWDWIUHVE HFHW HD H HE H E
5HVLGHQWLDOBS5DLQB*DUGHQV SGI



5D L Q J D BaBfeixTaudty, Virginia, USA FRQ W !

SDLQJDUGHQ FRVW HVWLPDWHYV

AMUE WZEE% sWIle§ 8] iXec E *% X }uldd d]iHSIADIDID 105 6300 11667 116381700600 (0dZ E] wedX %o AZ



&DVH YV

/," %03V VLP X Ghangde@ Cna

TKHIORZFKDUW RI/," %032

7KH SURFHVV RI/," %03VYSODQQLQJ

6HWWLQJ RI UXQRII FRQWU
%DVLF GDWD FROOHFWLRQ
6XEZDWHUVKHG GHOLQHDW
6HOHFWLRQ RI IHDVLEOH /,
/,' %03V VFHQDULR SODQQL

RO JRDOV
DQG VLWH FRQGLWLRQ DQI
LRQ

' %03V

QJ DQG VLPXODWLRQ

6RX
IRU

UFH +DLIHQJ-LDLGDIZDRQJEPRZ ¢ )L ¥ OFL FKOWKRED\/1' BDBX S
XUEDQ UXQRH FRQMW VR/X ®\QIQWHKLQD -RXUQDO RI (QYLURQ]



&DVH V [,' %03V VLP X GDawgdéeh@ Cha &ERQW TG

3 Fvi(s CJS *} 1S ov pe
6RXUFH +DLIN@QDILDDRDLLBDZ D QIX 6 5)MAKDE GEQWKRQ\ 10FV IKWRQQL®JI IRU XUEDQ UXQRII
FRQWURO DQG WKLH) BDVRX VU@ B G \RIQ @KLIHPYIRMQWDO 0D H



&DVH V /., %03V VLP X Ghangdéh@ Ciha ERQW I G

, QIRUPDWLRQDERXWGLITHUHQW VFHQDULRYV

+ 3UH GHYHORSPHQW VFHQDULR
7KLV VFHQDULR DVVXPHG WKH VLW B FRROHQIW LRFAR UE PO L QV B WEKHHI
ZDV FRPSULVHG Rl UXUDO DUHDV ZLWK FURSV IRUHVW DQG SRQG
¥ %DVLF VFHQDULR
7KH FROOHJH DGPLQLVWUDWLRQ KD G HYMHOREPHRWD S\WID® I LFRIOFOX
/," %03V FRQWURO 7KH H[LVWLQJ FROOHJH FDPSXV GHYHORSPHQV
+ 6FHQDULR WKH OHDVW FRVW %03V LPSOHPHQWDWLRQ VFF
8QGHU WKLV VFH QIR HW DM PR RRIDWA WHKOIWIRW MR RI ZRH /,' %03V Z
LQVWDOOHG GXULQJ WKH SKDVH ,,,FEB:MSXVFRRY YV EFHXF & LLRF GHEH £
XQLWYV JUHHQ URRI XQLWV  JWDANAOMG VZDOH XQLWV DQG UDL
+ 6FHQDULR WKH PD[LPL]JHG %03V SHUIRUPDQFH VFHQDULR
8QGHU WKLV VFHQDULR WKH SULP DMK H R,Q V40EN UDI\WHRDL X BI'Q NWR/ P
FRQVLGHUHG IRQEBWBRVIKDVADPOXV FRQVWUXFWLRQ SHULRG 7KH
ELRUHWHQWLRQ XQLWYV JUHHQ URPILREDWMW HQ\W DV \SHRE RZD G Y
GHWHQWLRQ SRQGYV



&DVH V [,' %03V VLP X GDawgdéeh@ Cha &ERQW TG

'LITHUHQW VFHQDULRYVY OD\RXW PDSV

6RXUFH +DLINRDILDODRDLL@®DZ D QEX 6 5UAKDW G

6 F H Q D U L RWKRQ\ 1 7DIXUL /Q R SODH®UXQWKHFRQWHWRO DQ 6 F H Q D U L R

XG\ LQ &KLQD RROPHIDMDR| (RYDUHPHQW



&DVH V [,' %03V VLP X GDawgdéeh@ Cha &ERQW TG

&RPSDULVRQV RIGLITHUHQW VFHQDULRYV

&RPSDULVRQ RI DQQXDO UXQRII YROXPH XQGHU GLIITHUHQW VFHQDULRYV

&RPSDULVRQ RI SROOXWDQW ORDGYV

'‘DWD IURP +DLIHQJ -LDLQ-DEDRQJIGIORZ /| <X 5LFKDUG )LHOG $QW
SODQQLQJ IRU XUBDMQGXWRH FBROMRMUIXQ®\OL R &IQLYQAD RQPHQWDO 0

&RPSDULVRQ RI SHDN IORZV XQGHU (HBLIIHUHQW VFHQDULRYV



&DVH V /., %03V VLP X Ghangdéh@ Ciha ERQW I G

$QDO\WLYV RI VLPXODWLRQ UHVXOWYV

7KH IRXU VFHQDULRY GHVFULEHG DERYKH HUN XQ\RXOLKREE GV
UXQRII YROXPH SHDN IORZ DQG WKH SRGEXWDKHNVEORDE \ZHHUM
FRPSDUHG WR WK HVFUID BUHLYRH O7TRKSHPVHHQUWH V XOWYV LOOXVWUDWH
XUEDQL]DWLRQ KKRZ WHIVDMD WK ID OWZRIY R W6 R X O/F HHQIBI FW LY H O\
TXDQWLW)\ DQG SROOXWDQWY ORDGYV 8QGHU 6FHQDULR  WR\

ZHUH UHGXFHG E\ DQG WHRV $MHKRW IHY K Q & HALR VEKIHL
VFHQDULR 8QGHU 6FHQDULR WRYBOOUKNIRQWYBRXB M ZFHHIOHN L
DQG UHVSHFWLYHO\

$ FRVW HIIHFWLYH XUEDQ UXQRII FRQ\R URQ W L ID0/2NVQSOWIQHL § H
RI XUEDQL]DWLRQ +RZHYHU WR ILQGW0ORM SEDQYQULDED @ WKRR
DQDO\VLV RI YDULRXV SODQQLQJ GHVLJQ VFHQDULRV LV QHFF
DQDO\VHVY VXFK DV VLWH FRQGLWLRON %03 HIIHFWLYHQHVV |



N W’ 1 N ] =l N Y

,OQOWURGXFWLRQ %DFNJUR

6WRUPZDWHU %03V IRU UH)

bWRUPZDWHU WUHDWPHQW

&DVH VWXGLHYV




6 XPPDU\ GLVFXVVLRQD 6 XPPDU\ DQG 'LVF

BWRUPZDWHU %03V IRU UHVLGHQWLDO DUHD
+ *UHHQ KRPH %03V

&RQVLVWYV Rl VUZH@ODUGHQ E®WUHOHMDGKRPRQV (DRKWHHQ QHLJKERUKRRG !
+ *UHHQ VWUHHW %03V

*UHHQ VWUHHWY XVH FRPELQDWLRQVHJ VXIRALPZD WOI® %A &X FHR VIVPS U RZ BIWA
BWRUPZDWHU WUHDWPHQW WHFKQRORJLHV
t BWRUPILOWHU

SHPRYHV SROOXWDQWV VXFK DV GLQOXRONMH® WNWDRF VKIRUREDWER QN QDRIG
+ IXWULHQW VHSDUDWLQJEDIIOHER[HV 16%%

S8WLOL]HV D SDWHQWHG VFUHHQLQIFWE PKRRIOR FKW R B WUFRIQYD V /W LRIQ HRD® C
t %D\VHSDUDWRU

(IILFLHQWO\ DQG HIIHFWLYHO\ WUHDW VWRUP ZDWHU E\ VHSDUDWLQJ GHEU
+ &RQWLQXRXV GHIOHFWLYH VHSDUDWLRQ &'6

8VHV WKH QDWXUDO PRWLRQ RI WKH ZDWHU WR VHSDUDWH DQG WUDS SRO¢
&DVHVWXGLHYV
t &,, 6RKUDELL *UHHQ %XVLQHVV &HQWUH ,QGLD

$ W\SLFDO FDVH ZKLFK XVLQJ JUHHQ TKRREZDWR XOVQIOE PH) DIOW R/ \W R O P HFWHU D
+ ,7& 5R\DO *DUGHQLD %DQJDORUH ,QGLD

6XFFHVVIXO %03V DSSOLHG LQ WKH WRP®BUPDDO JHVHDPWR UPZOWENEX\Y FD O
+ 5DLQ JDUGHQ LQ )DLUID[ &RXQW\ 9LUJLQLD $PHULFD

3URYLGH WKH GHWDUL®NWQRLWKRRQDWQYXFWHG DQG LWV FRVW 5DLQ JDUGHQ

VWRUPZDWHU
+ &RPSDULVRQRIGLIIHUHQW W\SHV RI/," %03V VLPXODWLRQ &KLQD

7KH VLPXODWLRQ RI D FDPSXV XQGHD\ D/FHOBRURNVURCRE V QVE B &/X% D QY QRIB\H




6 XPPDU\ GLVFXVVLRQD 6XJJHVWLRQV IRU

'LWK WKH JRZQOLQJ $RSYBDWRD R dD WHHQ ISQIRBHWMPUXFWXUH ¢
WKH HIILFLHQW ZD\V WR LPSURYH DDQWHRL WXDDWW\S RE G X WH. FEQ \
*DUGHQ ZLOO EHFRPH D SRSXODU WUHRQEGHAR O O L\DROLOYH GIXKOMR K R¥
JUHHQ ZDOO FDQ EH DQ RSWLRQ IRUGHRXWROW DRCHKNRWHQW WK
IXQGLQQFHSJRQ WKH JUHHQ VW UH HMNYHDRX®D WMLISIOO @HQHIE RWKF

Z838% WIIAAAXI vPpue %X }ulfiiolifl]v]o ZrZzpd XiZA@ES]| or% ES u r ]

&RQFHSWXDO YLVLRQ RI D IXWXUH FLW\



SHIHUH

KWWSV ZZZ FLWFRRQRKHLFW IJRDPUB LMD JRY BB GIEQNREICLZIDWHU, QIUDV W L
KWWS ZZZ ZDWHUERD UGRDROS B R ¥ FURVULGRHWYY D\G/RIS QLH/GED XV U

KWWS ZZZ SKLOO\ZDWHUVKHGY RUJ GREG*ZREBSBHQGHG-XQH  B/2
KWWSV ZZZ HSD WRRYLWEBMVVSURGXBRFXPHQWY JLBPXQLFKDQGERF
KWWS ERH ODFLWRRPEY QDL XWUHDEK GGOBSSH0B  SGI

KWWSVY GSZ ODERIBQWGEURDRIG GRIL 'HPYSIIOARRE PHQ@®D UGWD QDQXDO S
KWWSV ZZZ RZS FVXV HGX FVXV ORG EZDYK & XFAURD FHLWH QRA HH O RQIHUARY
SURMHFW SGI

KWWS ILOHV KDZ® ISIO DRYQ CORKVRDUBKDQGERRN SGI

KWWS ZZZ JUHHQURRIV FRP EORJ JSZ FLL VRKUDEML JRGU
KWWS IRUHVWHUQHWZRUN FRP GSDOQDAI\YH ENWRH ERD) WHUY \@ R WL
KWWS ZZZ ED\WDYHU FRP GRZQORDGYHKH@HFIISHDQ G D\BMNEDY D W
KWW S IWS YLHZHU DVS

KWWS ZZZ QJRQOLDW QHWVPWRWPZIODWH LV LW DQG KRZ LW LV XVHI
KWWS PVX ZDWHU PVX HGX PDQDJLXQV VWRUPZDWHU RQ WKH PVX F
KWWS ZZZ LQGLDHQYLURQPHQWBRMWD® RUWH MEY UHMHO\B ¥DOOH. @ H,\BG E
KWWSV PHGIRPLFHSRBWRY B::/ MSJ

KWWSVY WKHDUFKREORJ ZR UGLSYWLKMVZD OOV

KWWSV VWRUPPRWHULSRDH Y &IOSV WW\R O P Z% 0B/ BBR QBLOWUDWLRQ
KWWS ZZZ UDLQFRFPPOQHW\WRDEWRBQGBUXQRIIBZHELQDU




SHIHUH

KWW S
KWW S
KWWSV
KWW S
KWWS
KWW SV
KWWS
KWWS
KWW S
KWWS
KWWSYV
KWWSV
KWW S
KWWSYV
KWWSV
KWWSV
KWWSYV

ZZZ IUHHSDWHQWVRQOLQH FRP \
QHZV [LQKXDQHWFRRPV\N B RKB/ P O K
ZZZ HSD JRY VLWHV SURGRBWHRQQVOHNWW FKDSWHRKPHGWV
UGJXVD FRP VLWHVL®HWORWMDL B SEDFWLFHV
ZZZ FW JR% GHHQ ODEBEGHHSELRUHWHQWLRQBPDQXDOB
ZDWHBBGSRBHWMW FIRPHY Z MDQHO HW DO HHV SGI
ZZZ GHT WWRDW BDRWHXVGRIF8GIZU ELRILOWHUV
ZZZ ZDWHUERDUGV FD JRY GRPM UBVRXXHW \E ORBINMHOGBLO
VSDWLDO XVF HGX ZS FROQWIHRIW B&ORDGV *UHHQOL
ZZZ ODVISRERQD/WBW RUOHVBPI ZTFPSXU SG|
MDQXDU\ VQODSVKRW HSD JBRRXRHQWSYURSKHEF WLER\GS HFO
ZZZ \RXWXEH FRP ZDWFK"Y X&)\0<3;N&(
Z7ZZ ODQJHJKOH FRP HOIGHE X UDKH QDDGEIPY E\ JKG SW\ OWG
Z7ZZ SZGSODQUHYLHZ RUJ PDQXDO FKDSWHU
GSZ ODFRXQW)\ JRY ZPG ZDWHUVKHG OD GRFV ODULYHUBZ
GSZ ODFRXQW\ JRY ZPG ZDWHUVKHG OD
VWDWLF VTXDUHVSDFH FRP VWDWLF FH F HEE HD HF

KWPO

BY

SHVLGHQWLDOBSDLQB*DUGHQV SGI

KWWSV

27272 HYDSXEY Y3BVZSSSBJIJXLGH SGI



SHIHUH

KWWSV ZZZ GHV QK JRY RUJDQL]BDIWLRRFEPMOWER QG[EDS/BHU VWRUPF
KWWS H[WH Q V ICRQVRWRHIRZDMWHUNVHLM/ HY GHIDXOW ILOHV 'U\ZHOOV
KWWS ZZZ QMVBERIFPZDWDORUBG6:% 03B  SG|

KWWS ZZZ LPIDPRXV LQIR SL[DEDGH/IBKRWR UHVLGHQWLDO UDLQ J
KWWS ZZZ SKLOO\ZDWHUVKHGV RUJ ZKDWBZHUHBGRLQJ JVGP
KWWS ZZZ HDVWIDOOVORFDO FRP ZKDW DERXW EXPSRXWYV

KWWSV ZZZ HSD VWY XEWXQHL KDANWXBHQ LQIUDVWU

KWWS HFREURRNO\Q FRP FDWHJRU\ DOO SRVWYV

KWWS ZZZ JRRGQHW RUJ DUWLFOHYV LPSUHVVLYH JUHHQ URRIV I
KWWSV ZZZ ZDWHUVKHGFRXQFLO RUJ UDLQ EDUUHOV KWPO
KWWSV ZZZ IDPLOW\KDIUWNPORPFRZ QHD WKBREZQWERD BXIH®GYLHZ DOO
KWWSV LQGXVVES\DHFWM.RRBARQOARWQG LQLWLDWLYHYV KRXVLQJ V)
KWWS ZZZ SKLOO\ZDWHUVKHGV RUJ IORZHUVKRZ

KWWS ZZZ QLDQWLFULYHUZDWHUNKMHG®@IRLDJRRH GW R/MW BB R ZDIWNHHIUF
SURMHFWVY WUHH ILOWHUB BILQDO

KWWS ZZZ EHWWHUJURXQG RUJ UDLQ JDUGHQV

KWWS ZZZ JUHHQFLWLHVFDOLIRWRUP ZMWHZD AMHD JM P B QW DRQFE VG E
KWWS ZZZ JUHHQLQJWKHJUH\ R WIHIDWIHDQW XQ H\D WU DADWVRQU HV ELR
KWWS ZZZ MNGKWWQ2RWINMBRDUGHQV KWPO



SHIHUH

KWWS
KWWS
KWWS
KWW S
KWWS

VWRUPZQWHGXE ER R O/RJIOF RRPWL HOKDQFHG SUD

VXVD VWRQHGDKO FRP UHVHDUFK KWPO

ZDWEX HRRVHINKHVHDUFK KWPO

2727 SHGDJRHLFDQD PEXOYHQBXNMWSHOWD Q VWRU

Z72Z HONJBRKVYHOFLWHRBRDUWPWQWVBGLYLVIRRMHF S BBG ISRBRZFBU N

U\BZHOOBSURMHFW I3URBRNMME BV BMXKRIGZDDVHUBPRQLWRULQJ

KWW S

27272 ZDWHUERDUGYVY FD JRY HATRRPDOBWSHREBUVWFP XBWISURJIXDE

BDQJHOHVBULYHUBZDWHUVKHG ODBVXPPDU\ VKWPO
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