Dear Reader,

Time is running again so fast and 7KH .UDK &RPPXQLW\ ZLOO MRLQ
already half of 2015 has nearly past, an WKH ODUJH GLDPHWHU SLSH SURC
important year for large pipe diameter systems in VXVWDLQDEOH DQG VXFFHVVIXO [IX)
Europe. The raw material situation is very

GL"FXOW QR PDWHULDO LV $OO/'RDLRREOBGIRQIDAQWHUP SURMHFW
RQO\ DW YHU\ KLJK SULFHWX SZHW K/ RARKD QANFKMRRDQGERRN RQ
WKH QLFH DQG IXQQ\ H[SODQBWISHRW®WV+ FH XLROWLWFHAR LQWR SULQW
PDMRU3® JLYHQ E\ WKH PDLQ UDZKHGBWWWUDEBXWLRQ FDQ VWDU
suppliers. QRW ORVH WLPH DQG RUGHU \RXU F

%HVW ZLVKHV IURP :HVWHUZDOG

$OH[DQGHU .UDK

Another news is that the German

FRPSDQ\ A%DXNX3 JRW D QHZ PDLQ RZQHU WKH
FRPSDQ\ A+DZOH3 7KH RWKHU ODUJH SLSH
SURGXFHU LQ *HUPDQ\ A+(1=( *PE+3 DOVR JRW

D QHZ PDLQ VKDUHKROGHU A.+% *PE+3 DQG
EHVLGH WKH JHQHUDO PDQDJHU :ROIJDQJ )HVWHU
| am now also appointed as a general manager

RI +(1=( *PE+

.+% *PE+ LV DOVR D PDLQ VKDUHKROGHU RI .UDK
*PE+ 6R WKH FRQVROLGDWLRQ RI WKH ODUJH SODVWLF
SLSH PDUNHW LV JRLQJ RQ TXLFNO\
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/HVWLQJ RI +'3( ODQKROHV IRL

Introduction:

ODQKROHV PDGH RI SRO\HWK\OHGHFR+RZYZREBIBO\RX H®WH WKH ULVN F
VXFFHVVIXOO\ IRU PRUH WKDQ \MQOWURAUHOGHGHRQGLWLRQV"S

,W LV D JURZLQJ PDUNHW DQG WKRZDFERVWOOIXBNIRIHGHPIRQVWUDWH W
PDQKROHV PDGH RI WKHUPRSODVWLAVRBVWBDWHDWONMND O XQGHU WKHVH

ZHOO NQRZQ FRQGLWLRQV"®?

$+ 1R OHDNDJHYV 7KH IROORZLQJ GHVFULEHG W\
+ (DV\ KDQGOLQJ LQ %DKUDLQ IRU D ORFDO D!
+ /RZ ZHLJKW FOHDUO\ WKDW 3RO\HWK\OHQH PD
$ 'XUDELOLW\! \HDUV XQGHU LUUHJXODU XVDJH QR SURE
+ ,PSDFW UHVLVWDQFH UHTXLUHPHQWV

+ )OH[LELOLW\

$  +LJK BWUHQJWK 7\SH WHVWLQJ IRU ¢UH KD]C
+ 7DLORU PDGH GHVLJQ IRU DQasi@dR@&G FDVH

e (DVLO\ )DEULFDWHG * LPSRUWDQW IRU IXWXUH

FRQQHFWLRQV 7KH WHVW SURFHGXUH LV GHYHO
+'3( ODQKROHV IRU ¢UH KD]DUG DQ

,Q WKLV FDVH WKH OLQLVWU\ RIKHRWMYW WYHORMWDEQGHWHUPLQH LI
KDG UHVHUYDWLRQV FRQFHUQIZROO VERM FRBRMVH EIDHG FRQWLQXH
ADPPDELOLW\ RI WKH +'3( PDQKRQHMUGIQW QUFBIQ®ULRY 7KHVH VI
DIWHU LQVWDOODWLRQ 7KHVH UIRXBDWHVWKGV SKD/Y LVEROEMV R HI
DQVZHUHG FOHDUO\ DQG ZLWKRRWL®WYW HRRD LOQMHQWLRQDOO\ D

GRXEW PDQKROH RQ ¢UH
$+ 3:RXOG WKH PDQKROH EXUQ LI ®SHELOHWHG PP ,' +'3( ODQKROH -
PDWHULDO ZDV DFFLGHQWDOO\ GURSSHG P'7, LQFOXGLQJ EI
into it?” WR 02: OLQLVWU\ RI
+ 3 RXOG WKH PDQKROH EH GHOLEHUDWHO\ VHWSHFL¢FDWLRQV
RQ ¢UH XVLQJ FRPPRQ SODFH ,QOHW DQG RXWOHW
HTXLSPHQW?:" R YLD +'3( ZHOGLQJ

HQWU\ DQG H[LW SRL

2] FRXUVH HYHU\RQH LV DZDUH WKDW 3RO\HW BDWHXH6WLFN
LV D SODVWLF PDWHULDO DQG LV ADPPDEOH,JOW VWIB® &LIJDUHWWF
EH FODVVL{HG HJ DFFRUGLQ$SSDUDWRDUW %XUQLQJ &LJDUHWW

LQWR FODVV % ZKDW LV UHSUHVHQWDWL%XUOQRQ®J .HURVHQH
SQRUPDO ADPPDEOH PDWHULDOV’' 7KDWPétl QRW UHDOO\
VXUSULVLQJ EHFDXVH LW LV D SOdnatilf PDWHULDO +DYLQJ
VDLG WKLV WKH PDQXIDFWXUHUV DUH XVLQJ WKH
WHPSHUDWXUH EHKDYLRXU RI B8RQXROK\OHDRIUHGHDW VLWH LQ D
VXFFHVVIXOO\ IRU WKHLU SUR G XFWHLIR QVSWDRFGHIMYHYHUWLFEDOO\



/HVWLQJ RI +'3( ODQKROHV IRU

$FFHSWDEOH VWRUDJH FRQGLWF;‘-_;*‘,';,"‘?I_]E__'_*;
PDQKROHV WR EH NHSW LQ YH 1
VDIH GLVWDQFH IURP HDFK RWK =i )
\DUG QHDU VLWH R"FH JXDUGHG .. '
VWDQGDUG RQ DOO 02: VLWHYV _
2WKHU DVVXPSWLRQV $SPELHE
EHWZHHQ U& DQG U& ZLWK
WKDQ NP K

JROORZLQJ QXDQFHV DUH DVVXP
a.

Fire test using match stick: L. ¥
7KURZLQJ RI LJQLWHG PDWFKEmEs
manhole.
JLUH GXUDWLRQ ZDV XQGHU VHFR
itself out, leaving no damage to the manhole.

E
Fire test using ignited cigarette lighter:
JLUH GXUDWLRQ ZzZDV XQGHU

HIWLQJXLVKHG LWVHOI
no damage to the manhole.
F

Fire test using burning cigarette:
7TKURZLQJ RI LIJIQLWHG FLJDUHW
JLUH GXUDWLRQ ZzZDV XQGHU
HIWLQJXLVKHG LWVHOI R
no damage to the manhole.

™) e

d.

Fire test using a burning kerosene block:
30DFLQJ RI LJQLWHG .HURVHQH
+'3( VKHHW

JLUH GXUDWLRQ ZDV XQGHU
PLQXWHV DQG H[WLQJXLVKHG L
GLVFHUQLEOH GDPDJH WR WKH
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/HVWLQJ RI +'3( ODQKROHV IRU

&RQFOXVLRQ RI WHVWLQJ DFFR UM

7KH +'3( ODQKROH ZDV SURYHG
VLVWDQW XQGHU WKHVH FRQGL
YHG WKDW WKH ¢UH IDLOHG WR £
WKXV FDXVLQJ OLWWOH WR QR |
Manhole and sheet.

Scenario 2;

6LPXODWLRQ RI ODQKROH LQVWL GoUirie ov v virs
ORFNHG OLG

Other assumptions:

$PELHQW WHPSHUDWXUH EHWZH §
ODQKROH LQ IXO0O RSHUDWLQJ
AXLG LQ WKH ARZ FKDQQHO

JROORZLQJ QXDQFHV DUH DVVXF: s
FDVH RI WKH XQORFNHG &, OLG

$+&0RVH DQG VHDO DOO X
GRZQVWUHDP FRQQHFWLRQV
$2SHQ OLG BHWWLQJ XS 06 5HTXLUHPHQWYV
$3XW SHWURO OLWHUV LQVL
+&0ORVH OLG LQ RUGHU WR DFFR
RI IXPHV IRU DSSUR[ PLQV
$2SHQ OLG

$+7KURZ LQ SHWURO VRDNHG UDJ
$t&ORVH OLG

$+$OORZ WKH SHWURO WR EXUQ F

e v——— |

JLUH 7THVW XVLQJ %XUQLQJ 3HWL

JLUH GXUDWLRQ ZDV DSSUR]|
tinguished itself out, leaving no damage to the
+'3( ODQKROH Igniting the petrol



/HVWLQJ RI +'3( ODQKROHV IRU

$00 WHVWV DUH ZLWQHVVHG E\

f 6WDf DQG 4& .UDK %DKUDLQ
f SHSUHVHQWDWLYHV IURP 02: 0O('
6(33"
6(20' 530' DQG RWKHU GHSDUWPH

.LQJGRP RI %DKUDLQ
f SHSUHVHQWDWLYHV IURP &LYLO '
.LQJGRP RI %DKUDLQ

Author:

&ODXGH +HQG\
.58+ %$+5%,1 &2 ://

,QVLGH ODQKROH DIWHU )LUH 1R 'DPDJH

&RQFOXVLRQ RI WHVW DFFRUGLQJ VFHQDULR

7KH +'3( ODQKROH SURYHG WR EH ¢UH UHVLVWDQW
XQGHU WKH FRQGLWLRQV DV VHW XS LQ WKH OHWKRG
VWDWHPHQW ,W ZDV REVHUYHG WKDW WKH ¢UH EXUQHG
RXW DQG GLG QRW LJQLWH WKH +'3( PDWHULDO
WKXV FDXVLQJ OLWWOH WR QR GDPDJH RQ WKH +'3(

Manhole.
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+(1=( 'RXEOH :DOO 7DQNYV

+(1=( LV RQH RI WKH PDUNHWDYHDWKBIWHPSHUDWXUH GURS\
PDQXIDFWXUHU R ODUJH G LIOHPHWHU W IsHO BIVWONLRQ LV EURNH
pipes. The pipes, made out of Polyethylene or ZLOO IDOO RXW DQG EHFRPH VWLFI
3RO\SURS\OHOH DUH XVHG IRUFREXOOREDWLRQV LQ
ZDWHU DQG VHZDJH V\VWHPV DOHP DU DEIIWHWWMM. BOPDMRU LPSRU
DSSOLFDWLRQ DV ZHOO 7KH VSBUQBHZWXMEPOASHAM¥BIKDUJH DULVI
EH SURGXFHG HLWKHU ZLWK D VROMGAIHUGIURRO WEKADDWROGWFWLRQ
VWUXFWXUHG SLSHV WR XVH WKLV IRU WKH LQWHQGHC(

WR WKH NQRZ KRZ LQ SURFHVV H
(VSHFLDOO\ WKH GRXEOH ZDOOGWWUXFWRX S\ VWOIDFESH¥HY D FRQ\
+(1=( WR SURYLGH D KLJK TXDOIWRSHOYG WHRNDIW\DV VXFK DV
VWDQGDUG IRU LOQGXVWULDO WDEBWIPHRQRW REBX0O@DEE DFKLHYHG
LOWHUHVWLQJ VROXWLRQV IRU SURFHVV HQJLQHHULQJ
GRXEOH ZDOO WDQNVY KHDW H[FKDQJHU HWF

7TKH GRXEOH ZDOOHG FRQVWUXFW
7KH IROORZLQJ EULHI UHSRUW LW\R AW XWRHS XSERVBOWKH VWRUD.
DSSOLFDWLRQ RI VWRUDJH DQ@HIRNHHWWHEW WEGNVHVW FDQ E
PDGH Rl 3BRO\SURS\OHQH IRU D EHOWKXWHOFHPXOMWDBQFH PHDVXUHP
LQ URDG FRQVWUXFWLQJ GHWHFW RYHU RU XQGHU SUHVVXL
- | 7KH VSLUDOO\ ZRXQG SUR{OHV LQ
rr FDQ DGGLWLRQ@DOO\ EH XVHG IRU
HE— PHGLD +RZHYHU LQ WKLV VSHF

1 - VWRUDJH PHGLXP ELWXPHQ HPXOV
= 1] - XS E\ SDVVLQJ D KHDW PHGLXP
= | B y SUR{OHV 7KXV WKH KHDWLQJ :
¢ i - . GLVFKDUJH IURP SURGXFWLRQ ZD\
] VSLUDO SUR¢{OH Rl WKH GRXEOH ZC
RI WKH YHUWLFDOO\ WDQNV

b

Bl ‘ +(1=( 'RXEOH ZDOOHG WDQNV XQLT
. - PDWHULDO DQG FRQVWUXFWLROQ
3LF +(1=( 'RXEOH :DOOHG 7DQNV IRU WKH
VXVSHQVLRQ Rl %LWXPHQ HPXOWIKRQ 'RXEOH :DOO 7DQNV IRU WKLYV
SURGXFHG RXW RI 3RO\SURS\OHQ!|
The storing and maintained suspension of a 33 + 3'DSOHQ %( ~ E\ %YRUHDOLYV
ELWXPHQ HPXOVLRQ IRU IXUWKHY NFRFRZOFWRRQ LWYHRXWVWDQGL
depends largely on whether the temperature PHFKDQLFDO FKDUDFW
RI DSSUR[LPDWHO\ GHJUHH &HBRULBVYQOEDWREBUDGXDWH HQJLQH
FRQVWDQWO\ KHOG LQVLGH WIKKR MWVRUBG{HY WHONRQVLEOH SURI
$GGLWLRQDOO\ WR WKH ¢QH GLWWUYLWKW ILLRIY W IFIKER WY HRU WKH S
LQ WKH ZDWHU\ OLTXLG HPXOVL¢{¢HUV VWDELOL]H WKH
WHPSHUDWXUH LQVLGH WKH PL[WXUH

=



+(1=( 'RXEOH :DOO 7DQNYV

7TKH FRQQHFWLRQ SLHFHV VHDO |
FRPSOHWH ZDOO FURVV VHFWLRQ E
7KH EULGJLQJ SLHFHV ZHUH FRQQH
EHIRUH DQG DIWHU HDFK 3ZDWHU '

~__Inner layer

Profile helix / .‘ 3 L F

3LF +(1=( '"RXEOH ZDOO 6WUX
IRU SHUIHFW ARZ Rl KHDWLQJ P

7KH SLSH ZDV SURGXFHG DFFRU/(
ZLWK DQ LQQHU GLDPHWHU
PP FIAOLQGULFDO KHLJKW 7KH J
E\ ",%7 VHUYHG DV WKH
WKH VWUXFWXUDO GLPHQVLRQL
following
LPSRUWDQW SDUDPHWHUV ZHUH FO0oFXAPAMHY LWk gLWK 6SHFLDO
PDQXIDFWXUHU LQ RUGHU WR JXDU®DPRVYNH wkH

PDLQWHQDQFH RI ZDUPWK LQ WKH LQVLGH HQHUJ\
yield, isolation and heat loss. /R DFKLHYH KH JUHDWHVW KHDW

WKLFNQHVV EDVH ,QOLQHU ZDV F
7KH HEHFWLYH YROXPH DPRXQW\&WHVPQ'HQQQBQ/\}B NWKH ZDOO WK

GXULQJ XQSUHVVXUL]HG VWRUDS)IP\B%GZWUH%Q\IVP\M WWH"G JUHDWH

media. WLR HHW WKH VWL
$ GHVLIQ WHPSHUDWXUH RI  GHRIUHHRPEpAHRXORWKE FNQHVYV
OLIHWLPH RI  \HDUV ZDV FKRVHQ 6WDQGDUGO\ D

VDIHW\ IDFWRU RI ZDV WDNHOQ To know exactly what is needed

/IDWHUDO FRQQHFWLRQ SLHFHV BWUH V&M (R @k WUHDWPHQ

VWUXFWXUDO YLHZ 7KH WDQNV IEHS/%L ﬂi'|PE§CA\bLVﬁ RWRREHG IRL
DQG D FRYHU HDFK $JLWDWRUW oKX &P WRQ R Wikt 2D00 - ORUF

FRYHUV ¢[HG E\ WUDYHUVHYV GHVLJQ “ZDV GHPDQGHG ZKLFK F
DGDSW LWVHOI DFFRUGLQJ WR LW

3HUIRUPDQFH JXLGHOLQHV SHUH—PMQ\E?(\)\ZB(\OWBOVIPéH DOO KHDWLQJ F
DWLRQ ~ 3UHFLVHO\ WKLV L

| WKHUH DUH QR]]OHV LQVWDde'WéRLQfL\/@l%HWIB\oS PGPV DQG L

ZDOO RI WKH WDQN D EULGJLBY ‘@EHFﬁKRLE\HS DOO WKLFNQH
KDV WR EH XVHG WR DYRLG VXEP V'\ﬁxﬁﬁ % DUH VWUHQJW
IRU WKH ARZ RI WKH KHD HLHﬁ(I'J'GP Q\ WLPH IRU DQ\

7KH SLQSRLQWHG UHGLUHFWLRB!"RTUKWEW Ve F FeY %00\ FRPSOH)

LQWR WKH E\SDVV ZDV UHDOL]HGh WKURXJK VSHFLDO

FRQQHFWLRQ SLHFHV
'LSO ,QJ OLFKDHO ORULQ

+(1=( *PE+ *HUPDQ\
ORULQ#KHQ]H JPEK GH
Z2ZZ KHQ]H JPEK GH
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$ QHZ DQG LQQRYDWLYH VROXYV

HE-HAS-160/225

7KH .UDK &RPPXQLW\ OHPEHU +HQJ]H *PE+

RIHUV KLV SDWHQWHG +RXVH &RQQHFWLRQ 6ROXWLRQ
HAS-160/225 WR DOO .UDK &RPPXQLW\ OHPEHUV

3DWHQW 1R '( % DQG WR DOO
ODUJH SODVWLF SLSH XVHUV 3( DQG 33 SLSH
VA\VWHPV

JLQDOO\ D TXLFEN VHFXUH DQG FRVW HIifHFWLYH
VROXWLRQ IRU KRXVH FRQQHFWLRQV RI ODUJH SODVWLFV
SLSHV LV DYDLODEOH 7KH FRPSOHWH LQVWDOODWLRQ
of the HEFHAS ZLOO EH GRQH IURP RXWVLGH VR

WKH LQVWDOODWLRQ FDQ EH GRQH XQGHU RSHUDWLQJ
FRQGLWLRQV 1R PDQXDO AKDQG H[WUXVLRQ
ZHOGLQJ® LV DQ\PRUH UHTXLUHG EXW D VSHFLDO
heating element fusion system is used,

DFFRUGLQJ WR '96

The HE-HAS KRXVH FRQQHFWLRQ LV DYDLODEOH LQ
WZR FRQQHFW DRIBO-SORIAY and

DA 225-SDR17,6. 6R RWKHU SLSH PDWHULDOV OLNH

39& 33 FDQ EH MRLQWHEGIASIDV\ 7KH

KRXVH FRQQHFWLRQ FDQ EH GRQH RQ VROLG ZDOO

SLSHVY DFFRUGLQJ WR ',1 1 (1
‘1 (1 $670 ) 1%5
DQG 3$6

&ROOHFWRU VL]HV DUH
I "1, + PD[LPXP SUR¢OH KHLJKW
WKLFNQHVV PP
I "1, + PD[LPXP SUR¢OH KHLJKW
WKLFNQHVV PP
$SSURYHG IRU +(1=( DQG .5$+ SLSH



$ QHZ DQG LQQRYDWLYH VROX'

,QVWDOODWLRQ SURFHGXUH %HVLGH WKH +( +$6 :( ZHOGLQJ HT:
$$ KROH ZLOO EH GULOOHG LQ WRHHS &QQO\ WKH +( +$6 KRXVH FRQC

17KH WHQVLOH HTXLSPHQW ZLOO EH LQVHUWHG
through this hole into the main pipe /LVW SULFHV DUH EHWZHHQ

$7KH H[LVWLQJ KROH ZLOO EH PO&I FHYLFDOO\
t$ KHDWLQJ HOHPHQW ZLOO EH LQVHUWHG

$$IWHU WKH IXVLRQ WHPSHUDWX{UH 1X¥UYHOHK WMHRKRHFDO RU FRPP

KHDWLQJ HOHPHQW ZLOO EH UFRFRVYHGXHVW
$7KH +( +$6 KRXVH FRQQHFWLRQ ZLOO EH LQVHUWHG
DQG WKH IXVLRQ SUHVVXUH zLoBXHH EREOW XS
$+$IWHU FRROLQJ WKH LQQHU SDU®H® RRWKH KRWWRHU
FRQQHFWLRQ ZLOO EH VFDOSHGRRIY H}RLWK BW WY KH
PDLQ SLSHV KDV D VPRRWK VXUIDFHAURIDIGRUI
ZZZ KHQ]H JPEK GH
7KH DYHUDJH LQVWDOODWLRQ WLPH LV RQO\ PLQ
7KH QHZ KRXVH FRQQHFWLRQ +( +$6 KDV WKH
following advantages:

t9HU\ FRVW HfHFWLYH

F4XLFN DQG HDV\ LQVWDOODWLRQ

¥/RQJ OLIH WLPH

F:HOGHG WHFKQRORJ\

s ZDWHU WLJKW

1R OHDNDJH GXULQJ VRLO PRYHPHQWY WKDQNV WR
welding

F7KH FRQQHFWLRQ FDQ EH GRQH GXULQJ DQ

operating line

BULFHV IRU WKH ZHOGLQJ HTXLSPHQW +( +$6 :(
FDQ EH REWDLQHG RQ UHTXHVW RQ SXUFKDVH RU
UHQWLQJ EDVLYV
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6HZDJH 3UHVVXUH 3LSHV

SURMHFW "HVFULSWLRQ

8QGHU WKH SURJUBRFHIRRIS AMHKHY KR/ QHZ SLSHOLQH ZLOO UXQ IURI

IRUWKHUQ $UJHQWL QRDQPDFWRIEINFHYHHIDQR ,QGHSHQGHQFLD $

:DWHU DQG 6DQLWDWLRQ ¢ QUFRHUGVDERHDMEH)J VRXWK WR WKH

,QWHUDPHULFDQ 'HYHORSPHQW %RXANK WWi BYWIWRBW UXQV WKUR;

([HFXWLRQ 8QLW FRQGXFWHG WYURELBGCHRH SHREHY\GLUHFWLRQ E

DQG DZDUG RI WKH ,QWHUQDWLRRRIP SXEWLFLEHR WHRULMRY LQ WKH ¢
IRU SURMHFW WR FURVV LW DQG FRQWLQXH DOF

6WUHDPOLQLQJ RI 3XPSLQJ 30KOWQHUO XKHWILOGWXUQ DW f WR

(% XHQW 7UHDWPHQW 6WDWLRQ trebth@WplaRJR GHO (VWHUR

ZKRVH ELG LV RQ 1RYHPEHU 2Q KHOG

-DQXDU\ W K H ,QWHUS$PHULFDQ

'"HYHORSPHQW %DQN %, UHSRUWHG QR REMHFWLRQ

WR WKH UHFRPPHQGDWLRQ IRU DZDUG Rl FRQWUDFW

7KLY LQWHJUDWHG XUEDQ VDQLWDWLRQ SURMHFW LQYROYHV
WKH H[SDQVLRQ RI VHZDJH O\LQJ RYHU WKH
FRQVWUXFWLRQ RI D VHZDJH OLTXLGY WUHDWPHQW SODQW
W SURYLGHV IRU H[SDQGLQJ WKH QXPEHU RI QHZ

FRQQHFWLRQV LQ XQLWY ZKLFK ZRXOG DGG

WR WKH H[LVWLQJ XQLWYV 7KH OHQJWK RI WKH

HIWHQVLRQ QHHGHG WR DFKLHYH QHWZRUN LV

HVWLPDWHG DW NP 7KLV LV D OLQH PHWHUV RI1 SL

VXEMHFWHG WR D PD[LPXP SUHVV>
IRU ZKLFK WKH XVH RI D K\GUDXOL
LQQHU GLDPHWHU DQG NJ FPO C
pressure was determined.

THFKQLFDO 2fHU

7KH FRQVWUXFWRU FRQVRUWLXEF
$PHULFD /DWLQD WR GHYHORS DQ
RULJLQDO RTiIHU ZKLFK ZDV FRQFHL
RU +'3( ,62 ZLWK EXWW IXVLRQ
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6HZDJH 3UHVVXUH 3LSHV

% XW ERWK DOWHUQDWLY HVMechahiddl &hd statiQ €aMulations

DGDSWHG WR WKH OLPLWDWLRRNVNOHRIPDW®HSLERONQH ZLOO ZRUI
LQ WKH ¢UVW FDVH EHFDXVIUMNMWEKUHZHJIH NJ FPO WKH FR
LPSRUWHG JRRGV HI[SHQVLYH BSORWHQWKHPDQGHG WKDW WK
GHOLYHU\ WLPHV DQG VHFRQGOFPBIPRDUWPXPZBOBRIZODEOH GHVLJQ S
WKH WUHQFK WR EH FDUULHG EURWVHBQ@ HXZJMWRY SHUGRUP PHFKDQL
FROODSVLEOH VRLOV DQG KLJK ZDWRFRUWYDEDL W\R WKH WDEOH LQ WK

JRU WKLV .UDK $PHULFD /DWLQD$PDGH) WRROBW.WRQV ZHUH EDVHG R
RQH XVLQJ WKH 3( *) WHFKQRORJ W Q\X AV KHD RW KHWPH VWUXFWXUD
ZLWK 3( XVLQJ WKH ',1 3%6 SHUIRUPHG )RU WKLV ODUVWRQ ¢
VWDQGDUG )RU WKLV KH PDGH D VWVWBW®WMHGELMRY VHKRERPHQGDWLRQV
LQ WKH WDEOH EHORZ VWDQGDUG LV XVHG WKHQ WKH F
ER[ $IWHU KDUG QHJRWLDWLRQV
DOWHUQDWLYH ZDV GHFLGHG DQG

WKH PHFKDQLFDO DQG VWUXFWXUL

12



IRU 1IRUWKHUQ $UJHQWLQHDQ SURY
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IRU 1IRUWKHUQ $UJHQWLQHDQ SURYL

)LQDOO\ WKH SLSHVY ZHUH GHVLJQHG XQGHU WKHVH
FRQFHSWV DQG VSHFL{FDWLRQV DQG FRQGLWLRQV
are as follows:



6HZDJH 3UHVVXUH 3LSHV

RUN VLWH

7KH ZRUN EHJDQ LQ 2FWREHU$W WKHQGDWW RI LVVXDQFH RI WKL
VFKHGXOHG IRU FRPSOHWLRQ ELGHSWHRKFZHYI IROORZLQJ WKH SO
6KLSPHQWY DUH PDGH IURP .UDK $PHULFD /DWLQD

IDFWRU\ ORFDWHG LQ %XHQRV $LUHV DQG WUDYHO PRUH

WKDQ NP WR UHDFK WKH ZRUN VLWH LQ QRUWKHUQ

Argentina.

$O00 MRLQWV ZHUH PDGH XVLQJ WKH XQLTXH VA\VWHP
RI HOHFWURIXVLRQ E\ .UDK 7UDLQLQJ FRXUVHV ZHUH
KHOG DQG RSHUDWRUV RI FRQVWUXFWLRQ FRQVRUWL
XP ZHUH SUHSDUHG UHJXODU YLVLWV WR PRQLWRU WKH
SURFHVY DUH DOVR SHUIRUPHG
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SRO\HWK\OHQH 3LSHVY DQG 0D

General: 7KH UHOLDEOH VWUHQJWK GHSHQG

DQG WKH VWUHVYVY ORDGHG WLPH
7KH FRQWURO Rl JDV DQG AXMWIMQHYV ODKH FJWBHS PRGXOXV

,
\

DSSOLFDWLRQ UHTXLUHV VDIH DMKG BEBREOYEBRBOMI BLGWW 60RZ &UL

systems. KDV WR EH FRQVLGHUHG

'XH WR HQYLURQPHQWDO ULVNV /WKG,; OMVXLDHRH@WDQRU G
WKH UDZ PDWHULDO DQG DOO (KANRKQD®E&INHPIR: QLX\DKUD Q W\
SURGXFWYV DUH PXFK KLJKHU Wéafedy@rduRanvirgnmenaedHusur all health,

J
p

VHZHU DSSOLFDWLRQV $OVR 3JIRO\HAMIO\GH@QH NMAGYHV DV WKH F

IDEULFDWLRQ WKH TXDOLW\ VROXMWIHPRHQ®E® VKRXODG EH XVHG

VLIQL,;FDQWO\ KLIJKHU 6SHFLDO ORFDO DSSURYDOV IRU
ubz PDWHULDO SURGXFW SURGXFHU ZHOGHUV DQG

IDEULFDWRUY DUH RIWHQ QHHGHG WR VLPSO\ HQWHU WKH

PDUNHW

JRU PRUH WKDQ \HDUV +LJK 'HQVLW\
3RO\HWK\OHQH 3(+' KDV EHHQ VXFFHVVIXOO\

XVHG LQ ODQG:;OO DSSOLFDWLRQV (VSHFLDOO\ WKH
PRGHUQ ELPRGDO W\SHV RI 3(+' DUH WKH SHUIHFW
PDWHULDO IRU WKH FKDOOHQJHV ZH IDFH LQ ODQG¢OOV
DQG LQ FRQWDFW ZLWK KD]JDUGRXV AXLGV DQG JDVHYV

7KH H[FHOOHQW FKHPLFDO UHVLVWDQFH RI
SRO\HWK\OHQH DJDLQVW D PXOWLWXGH RI DFLGV O\HV
DQG RUJDQLF K\GURFDUERQV LV D VWURQJ DUJXPHQW
IRU XVLQJ 3RO\HWK\OHQH LQ ODQG¢ OO0V

$OVR YHU\ LPSRUWDQW DUH WKH PHFKDQLFDO
FKDUDFWHULVWLFV DQG WKH GXUDELOLW\ 7RGD\ ZH KDYH
EHHQ XVLQJ 3RO\HWK\OHQH VXFFHVVIXOO\ LQ WKH
SLSH LQGXVWU\ IRU PRUH WKDQ \HDUV DQG WHVWYV
KDYH VKRZQ FOHDUO\ WKDW ZH FDQ FRQVLGHU D OLIH
VHUYLFH WLPH RI PRUH WKDQ \HDUV 7KH ORQJ

WHUP K\GURVWDWLF SUHVVXUH FXUYHV SLF SURYLGH
WKH EDVLV IRU WKH VWUHVY UHODWHG GHVLJQ



3RO\HWK\OHQH 3LSHV DQG 0DC

7\SLFDO WHFKQLFDO FKDUDFWHULKWLFWRWPBFp EdYlQ+LLK
'HQVLW\ 3RO\VHWK\OHQH XVHG

IROORZ

| RUWBIESHBU G \PW GV VMR FRQVLGH

PL ¢QLVKHG SURGXFWV DQG RlF%MMWDWh%Qb@dMﬁ%%@@%V 7TKH ZDV

RI PDQKROHV WDQNV DQG DSSDURERW HaMFF RQV

.00 DSSOL

FDWLRQ

BURSHUW

L H VValue

Standard

"HQVLW\

. NJ Pfi

"1 (1,62

&RORXU

%ODF

&DUERQ &R
RI 3( QRW
YDOLG3( HO

DWHQW

‘1 (1,62
11358

7TKHUPDO V

VD E BIOQL W\
f&

,62

6WUDLQ DW

Y‘LHOG

,62

BWUHQJIWK

DI'W VBB OG

,62

6WUDLQ DW

EUHDN

,62

JOH[XUDO 0
PLQ ,62

RLBOMWa

,62
,62

/IRQJ WHUP
K f& \H

DUV + 2 OL
UHTXLUHG §
056

VWUHQJIW

D 03D 056
WUHQJWK

+\GURVWDW
strength

lF 03D

"1 (1,62

6ORZ FUDFN
JDWLRQ QR
IRU 3( HO

*SURKSD
W& Y DEDL G
$UNRSDO

(1

)XOO 1RWFHK
THVW )1&7

&UHHS

JRU RWKHU DSSOLFDWLRQV OLNH
OHDFKDWH UHVHUYRLUV
DQG RWKHU ODUJH GLDPHWHU

VA\VWHPV

DV D ¢[ D
EHFDXVHRIXQGH¢QHGURWM&QJ K
DQG DFFUXLQJ JDV 7KH ZDVWH ¢
GRZQ ZKLFK DiHFWV WKH LQGXF
IRUFHV WR WKH VKDIW $OVR WK
LV FRPSOHWHO\ GLfHUHQW WR D
GH¢;QHG VRLO FRQGLWLRQV DUH H]

PDQKROHV VKDIW
SXPSLQJ VWDWLRQV
FRQVWUXFWLRQV WKH

VWUXFWXUHG SUR,OHG ZDOO LV BRELVIPSMOFEOQHY LQ /DQGL00 D

JH *PE+

5%9 3][WKH *HUPDQ\
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3RO\HWK\OHQH 3LSHV DQG 0DQ

7\SLFDO DSSOLFDWLRQ IRU 3RO\HWK\OHQH 3LSHV LQ

ODQG¢OOV DUH

1'UDLQDJH SLSHV IRU OHDFKDWH

It/ HDFKDWH PDQKROHYV

+3HQHWUDWLRQ &RQVWUXFWLRQV
t/HDFKDWH FROOHFWRU 3LSHV

1*DV &ROOHFWRUYV

f/HDFKDWH UHVHUYRLUYV DQG SXPSLQJ VWDWLRQV

1&RQGHQVDWH VHSDUDWRUV

3LF /IRQJ 7THUP K\GURVWDWLF SUHVVXUH UHVLVWDQFH

RI SLSHVY PDGH IURP 3( DFF '

1

+HOLFDO H[WUXGHG SRO\HWK\OHQH SLSHV DQG

PDQKROHV

JRU DOO ODUJH GLDPHWHUV -

1) KHOLFDO

HIWUXGHG SLSHV .UDK SLSHV DUH ZHOO SURYHQ

7KH SRVVLELOLW\ RI WDLORU
provides many advantages in design of the

PDGH ZDOO VWUXFWXUH

FRPSRQHQWY 3UR¢{¢OHG ZDOO LV XVXDOO\ XVHG ZKHQ

VWDELOLW\ VWLiQHVV LV QHHG

HG DQG VROLG ZDOO ZKHQ

VWUHQJWK LV ZDQWHG )RU OHDFKDWH GUDLQDJH SLSHV
RIWHQ D FRPELQDWLRQ RI VROLG ZDOO DQG SUR¢;OHG ZDOO
LV XVHG 7KH KROHV RU VORWYV DUH PDGH EHWZHHQ

WKH SUR{OHV VR WKDW WKH H
WKH OLTXLG FDQ EH UHGXFHG D
FRPSOHWH SLSH LV JXDUDQWHH

18

WUDQFH UHVLVWDQFH IRU
§UQMWWW%HEBRQV HYK H

G
JRU PDQKROHV ZLWK KLJK GHSWI

VA\VWHP LV ZHOO SURYHQ DQG FL
DOWHUQDWLYH 7KH VHWWOHPHQW
WR 'XULQJ VHWWOHPHQW WKH
UHGXFLQJ WKH KHLJKW DXWRPDWLI
DQ\ VWDWLF RYHUORDG

'XH WR WKH WHOHVFRSLF VA\VWHP V
FDQ EH PLQLPL]J]HG (DFK VHJPHQW
LV AH[LEOH DQG LV DGMXVWLQJ WF
around.

Mostly the segments are jointed with
SUHGHWHUPLQHG EUHDNLQJ SRLQW
RU E\ XVLQJ VSHFLDO SLQV ,Q WKH
WKH EUHDNLQJ SRLQW ZLOO FOHDU
Rl PDQKROH OHQJWK



3RO\VHWK\OHQH 3LSHV DQG 0DQ

7KH KHOLFDO H[WUXVLRQ WHFKQR
SRVVLELOLW\ WR SURGXFH RQO\ W
SLSH ZLWK 3( HO DQG WKH UHPDLQ
ZLWK W\SLFDO 3(+' 3(

7KLY VDYHV FRVWV DQG DGGLWLR!
DGYDQWDJHV 3( HO LV RSWLPL]H
SURSHUWLHV EXW QRW IRU WKH P
IDFH LQ WKLY DSSOLFDWLRQ ,W LV
IRU WKH VWUHVYVY ORDGHG SDUWYV

modern PE 100 only.

3LF VFKHPH WHOHVFRSLF VKDIW
ODQKROHV IRU ODQG¢0O0O JDV

$QRWKHU VSHFLDOW\ RI ODQG:,00 DSSOLFDWLRQ LV WKH
ODQG:,00 JDV :KHUHYHU FRPSRQHQWVY FRPH

LOQWR FRQWDFW ZLWK ODQGC',O\(/)\FJ_F%V W(/@}?%\ K_m % e
SURWHFWHG DJDLQVW HOHF vw DWW RC ¢ YRR
%HFDXVH SODVWLF PDWHULDOV ‘UM FEVPEFow X O P®

HOHFWULFDOO\ FRQGXFWLYH D VSHFLDO UHFLSH IRU WKH
SRO\HWK\OHQH KDV WR EH XVHG

5DZ PDWHULDO VXSSOLHUV SURYLGH
SRO\HWK\OHQH PDWHULDO ZLWK D KLJKHU FRQWHQW RI
EODFN FDUERQ WR DFKLHYH WKH QHFHVVDU\ HOHFWULFDO
FROQGXFWLYLW\ 7KH UHTXLUHG YDOXH IRU WKH HOHFWULFDO
FROQGXFWLYLW\ GHSHQGV RQ QDWLRQDO UHJXODWLRQYV
HJ *89 5 EXW W\SLFDOO\ WKH UHTXLUHPHQWYV

DUH DV IROORZV ©6XUIDFH 5HVLVWDQFH ” Y ,Q

HDFK FDVH WKH VXUIDFH KDV WR EH JURXQGHG

3LF *DV ZHOO PDQKROH
+HQJH *PE+ 5%9 3|WKH *HUPDQ

ImPro |l 11-



SRO\HWK\OHQH 3LSHY DQG 0D«

/IHDFKDWH UHVHUYRLUV 'RXEOH ZDOO ,
constructions The storage pipes have an inner and an outer

+DYLQJ UHJIDUG RI HQYLURQPEEﬁﬁRﬁQﬁﬁﬂwﬁk%ﬁfﬁgoo $V VSDI
PHDQV WR WUDQVIHU KLJKO\ oRDEME IPHr«kPAEY HoWRHU D VTXI
WKH VHZHU ZLWKRXW DQ\ OHDNBYH O¥NIVDWHE Wt WRQDO GUL
EHJLQV DW WKH GDPYV VLGH RI WYHPHML B ORY Lk WRWIHFV XVHC
URXWH LQ WKH GDPYV VLGH IURPDFKH BHWY Y wiRY VXUH DQG
EXLOGLQJ XS WR WKH OHDFKDWH UHVHUYRLU VKRXOG

EH GHVLJQHG ZLWK D GRXEOH ZDOOHG SUR¢OH $00O

IROORZLQJ SLSHOLQHV DQG VKDIW VWUXFWXUHV PXVW EH
PDQXIDFWXUHG LQ D ZD\ WKDW OHDNDJH WHVWYV FDQ EH

FDUULHG RXW

%HFDXVH RI WKHUPLF LQGXFHG H[SDQVLRQV WKH

LOQQHU DQG RXWHU SLSH ZDOOV DUH ¢UPO\ FRQQHFWHG

7KH PRQLWRULQJ DUHD FDQ EH WHVWHG IRU

OHDNSURRIQHVYV YLD YDFXXP RU H[FHVV SUHVVXUH

A permanent monitoring display or humidity

VHQVRU FDQ EH DGGLWLRQDOO\ LQVWDOOHG DW WKH

GUDLQDJH SRLQW 7KXV D FHQWUDO PRQLWRULQJ LQ WKH

FRQWURO VWDWLRQ LV SRVVLEOH
3LF 'RXEOH ZzDOO /HDFKDWH UHV

:KDW QHHGV WR EH FRQVLGHUHG THQIH "PE+ 5%9 3|WKH *HUPDQ\

AIDQG¢;0O0O OHDFKDWHV DUH KDUPLQJ WKH
HQYLURQPHQW DV WKH\ FRQWDLQ KD]JDUGRXV
OLTXLGV 7KHLU H[DFW FRPSRVLWLRQ LV PRVWO\
XQNQRZQ DQG FDQ FKDQJH RYHU WKH \HDUV 3

&RQVWUXFWLRQV IRU WKH VWRUDJH RI OHDFKDWHV DUH
WKRXJKW WR WUDQVIHU KHDYLO\ ORDGHG OHDFKDWHYV
LQ UHGXFHG DPRXQWVY LQWR WKH WUHDWPHQW SODQW
DQG RU WR FUHDWH VWRZDJH VSDFH DV WHPSRUDU\
VWRUDJH XQWLO WKH OHDFKDWHV DUH FROOHFWHG E\ D
VXFWLRQ YHKLFOH

3LF 3HQHWUDWLRQ FRQVWUXFW]
7KH PDQXIDFWXULQJ RI WKHVH VWRYDHARRS QNWP DQ\
URP VSLUDO ZRXQG SUR¢OHV HQDEOHV WKH OHDNDJH
FRQWUROH RI WKH ZKROH V\vw Hpthor

6WHSKDQ )cOOJUDEH
3ODVSLWHF *PE+ *HUPDQ\
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6WRFN PDQDJHPHQW RI DJULFX
LQ -DSDQ

1. Background &EXUUHQW VLWXDWLRQ

$00 RYHU -DSDQ ZH KDYH KXJH IHJWL RXR WWXKUD @ JIHFEOW XUDO SLS
WR FXOWLYDWH ULFH YHJHWDBXQWQHOMLWYSBHQGQRWKHIKRQ V\
FURSV ODMRU SDUWV RI WKH SUBHQLRUF G RMHFWW ZFWH RUWDO
GHYHORSHG EHWZHHQ DQGLURQEWD QKXW RQFUHWH SLSHV H[LV\
1DWLRQDO GHYHORSPHQW SURMMBEWKBU@RHWHVKHQ RYHU DQG
D FHQWXU\ SDVVHG DQG WKH L QevenlkutdahbXtEiaofknatdr sEplFforliehgertime
WRR ROG ODMRU SUREOHPV RIDQZUWEXYHDLQHWHDBUKXPDQ DFWLY
OHDNDJHV FUDFNV FROODSVHV$PRRUGERQURWRRQQ7KRWHVWLIDWLTF
LV QRW RQO\ KDUPIXO WR WKHSIHIJHFX\OW XU DWK HIUFH. OZAWNWIHHY  DFF
EXW DOVR WR WKH IDUPHUTV S URSHIWOW QHYRXQWKB® VWRF®N SDUWLF>
PDQDJHPHQW RI DJULFXOWXUDWK H\L KHDGL @PHW R WRWKR | DFFLGH
KXPDQ FDSDFLW\ DQG (QDQFLDOOFBEEPKOWWLRXRHELPLODU LQFLGH
/HDNDJH SUREOHPV RFFXUUHG L
VWHHO SLSHV DQG ¢(EHU UHLQI
PRUWDO SLSHV 7KH PDS VKRZV I
RI WKH SLSH WKH DFFLGHQW HIL

JURP WR D JRYHUQPHQWNDC
WHDP LQYHVWLIJDWHG WKH JLYHQ
PDLQ SLSHOLQHV LQWHQVLYHO\ E
FRQFUHWH QHXWUDOL]DWLRQ Wt
R MRLQW GHIHFWLRQ (0) PF
QRQ GLVWUDFWLYH LQVSHFWLRQ
LQYHVWLIJDWLRQV 7KH UHVXOW
DEUDVLRQ DQG FUDFN SURSDJD
degradation over time.
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6WRFN PDQDJHPHQW RI DJULFX
LQO -DSDQ

SBUREOHP
JLEHU UHLQIRUFHG SODVWLFV PRUWDO SLSHV

‘H IRXQG OHDNDJH SUREOHPV HVSHFLDOO\ LQ WKH
MRLQW VHFWLRQ DW ¢(EHU UHLQ IRUFHG SODVWLF PRUWDO

SLSHV 'L XQGHUQHDWK WKH URDG 7KH\ ZHUH
QRW DEOH WR WUDQVSRUW RI WKH OLTXLGV IRU
DJULFXOWXUDO SXUSRVHV DQ\ ORQJHU

ORUHRYHU D FDU DFFLGHQW KDSSHQHG GXH WR
OHDNDJH XQGHUQHDWK WKH URDG

' QYHVWLJIJDWLRQ

&DXVH RI WURXEOH )LEHU UHLC
PRUWDO

W ZDV FRQ¢{¢UPHG E\ WKHVH LQY!
WKH VRLO FRQGLWLRQV ZHUH VLJ
uneven settled and also showed stress

FRQFHQWUDWLRQ RQ WKH ¢WWLQJ
VHH SLFWXUH EHORZ DIWHU VXFK

3& SLSH

‘H DOVR IDFHG WURXEOHV ZLWK 3& SLSHV "1

ZKHQ WKH JURXQG FROODSVHG GXH WR LWV OHDNDJHYV
DQG IRUPHG D VLOQNKROH :KHQ DJULFXOWXUDO EXW
HVSHFLDOO\ VHZHU SLSHY EXUVW OLNH WKLV PRVW OLNHO\
D VHFRQGDU\ GLVDVWHU IROORZVY GXH WR FRQWDPLQDWHG
soil or groundwater.
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6WRFN PDQDJHPHQW RI DJULF;
LQ -DSDQ

&RQFOXVLRQ

(VSHFLDOO\ IRU DJULFXOWXUDO
LPSRUWDQW WR XWLOL]JH SLSHV ZL
OLIH WLPH W LV VWULNLQJ WKDW
PRGL{FDWLRQ WR UHSODFH RXU R
modern ones in order to provide safe water for
DIJULFXOWXUDO XVHV 7KH QHZ RQI
VX"FLHQW OLIHWLPH %DFN LQ WKH
UHLQIRUFHG SODVWLF PRUWDO SLSES
iron and steel pipes.

$GGLWLRQDOO\UNZDVFRQ¢UPH%>%gﬁﬁhyégw%§9%$§ww GXUDEC

WKH ZDWHU TXDOLW\ ZDV FRQWD %

IUHH FDUERQ GLR[LGH 7KH FDUERODWLRQ RI WKH

FRYHU FRDW PRUWDO LV UHGX % Wg H? D

WKLFNQHVV $V D FDXVH RIGHJU§§V§X# %%ﬁ5Q§%§B%ﬁﬂ)Hwiﬁaﬂgﬁ
WKH SLSHV FUDFNHG DQG FROODSMIH] w\ IRU RXU SLSH VI\VWHPYV

&DXVH RI WURXEOH 3& SLSH

SRO\HWK\OHQH SLSHVY UHWDLQ WKH
XS WR \HDUV DQG ORQJHU 3( SL
XVHG IRU JDV DSSOLFDWLRQV DQG
DURXQG WKH JOREH 7KLV LV WKH
SLSHV IRU DJULFXOWXUDO XVHV
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1RZ SURYHQ <HDUV OLIH H]J
SRO\ROH¢Q VHZHU SLSHYV

7HSSID 7KH (XURSHDQ 30DVWLF GESHYVIHBGFRQ ¢ GHQFH
JLWLQJV $VVRFLDWLRQ

7RQ\ &DOWRQ 7(33)$fV JHQHUDO
3RO\ROH¢Q VHZHU SLSH V\VWHBW DK HGVHWWK. MHKH SURMHFW PV
OLIHWLPH H[SHFWDQF\ RI DW ORDPYMUV DBABBURSHOBMWRUV RI VHZH
LV WKH FRQFOXVLRQ RI D UHFORW BWMWZRREPDEHRWR WKBW WKHVH V
FRPPLVVLRQHG E\ 7(33)$ DQG K@ETHSBQAMQWUIYLFH OLIH RI DW
VFUXWLQLVHG E\ 3URIHVVRU +MHLDYV WKIHDXPDWRPLDOV SURGXFW
WKH 7THFKQLFDO 6FKRRO IRU KL JBHUFWGKHADWHRQY WKH DSSURSULD
LQ 9LHQQD 7KH SURMHFW LQYROKHGRWWHRHAADYBWRRYR YLWDO:C
Rl PDQ\ VDPSOHV IURP LQ VHUYRBWISWISHOQ WWIRONNUY SLSH PD
WKDW ZHUH WHVWHG DQG DVVH¥RG M RBWR UPH VRNV FORVHO\
ODERUDWRU\ FRQGLWLRQV 7WRHUNHWX@®MDWRO\ MMKALOO OHQG I
DQDO\VLYV DQG ¢QGLQJV Rl WKLYRDRROHRQH VHEHBWSIGSHY WR EH
WR IDYRXUDEO\ LQAXHQFH WK R\QHF WHHZWHIG R SHRI@MWGRHOQFH DV W
IDFHG ZLWK PDMRU FDSLWDO LERGWMRMHHW Q@ Q WKHZR RIKRXW WK H L
UHSODFHPHQW QHWZRUNV

&RQGLWLRQV VHW RXW E\ WKH S
ORVW (XURSHDQ FRXQWULHV WDRHWRWKBPIQG UBIOLHG RQ HORQJ
VKDUH Rl DQWLTXDWHG VHZHU)RWWDRWNID\WQFEKH\WHIRWY LQFOXGHG
RQO\ OHDN DQG ODFN SHUIRUPBQBH YV WKHDW GV QUG DG\ EHHQ L
WR EH PRGHUQL]JHG RU MXVW SHHISOHFEHWR| WKW SUMRBRVHG LQ VH
H[SHFWDQF\ LV D FULWLFDO IDFWRU LQ DQ\ LQYHVWPHQW
GHFLVLRQ 3RO\ROH¢Q SR O VKWR/$\ OMIQHW VD@BPRQVWUDWHG W
SRO\HWK\OHQH V\VWHPV KDYH GHHMIQU XKRHUBWZAIRGHAYU GHJUDGDWLR
IRU RYHU \HDUV DQG FRPSDUWKLWRVOR) SRQVWDOWRQ QRWHV
SLSH PDWHULDOV WKH\ KDYH RRGWNVWVH[EWYOD WHGE BHSHY ZHUH P
D ORQJHU WHUP VROXWLRQ +RIZHYAMUJHEHUB\WVRWEKHPDWHULDO IR
OLIH H[SHFWDQF\ Rl SRO\ROH ¢@L ISIVEIHAH KD VP EBIH QVK D Q \HDUV
GLVFXVVHG IRU PDQ\ \HDUV D G$Q@® LZH. WK FRQE OXVNVRQEHDU LQ Pl
KDV QHYHU EHHQ GHWHUPLQHG IRQMX.@D@RRQVKDRY HY HYHQ JUI

SHUIRUPDQFH WKDQ WKRVH HDUOL



1RZ SURYHQ <HDUV OLIH HJ:
SRO\ROH¢{¢Q VHZHU SLSHYV

2WKHU NH\ IDFWRUV ZHUH LQYHVWLJDWHG WKURXJKRXW
WKH GXUDWLRQ RI WKLV SURMHFW EXW WKHVH ZHUH IRXQG
QRW WR DGYHUVHO\ DfHFW OLIH H[SHFWDQF\

7TKHVH LQFOXGHG WKH FKHPLFDO FRPSRVLWLRQ RI

WKH VHZHU ZDWHU WKH WHPSHUDWXUH SUR¢{OH RI
VHZHU ARZV DQG YDULDWLRQV LQ WKH NLQG RI L
QVWDOODWLRQ SUDFWLFHV XVHG 7KH LQAXHQFH RI KLJKHU
FROQOFHQWUDWLRQV RI VHZHU H%XHQW WKDW DUH
W\SLFDOO\ DVVRFLDWHG ZLWK VWUXFWXUHG ZDOO SLSH
V\VWHPV ZDV DOVR H[DPLQHG

7KH IXOO WHFKQLFDO UHSRUW DQG D VXPPDU\
WHFKQLFDO UHSRUW DUH DYDLODEOH RQ WKH
7(33)$ ZHEVLWH $IRXU SDJH OHDAHW RXWOLQLQJ WKH
SURMHFW VFRSH LV DOVR DYDLODEOH WKURXJK 7(33)$1V
FRPSDOQ\ PHPEHUV DQG RU IDWLRQDO
DVVRFLDWLRQ PHPEHUV W LV DOVR LPSRUWDQW WR QRWH
WKDW WKLV SURMHFW ZDV FR RUGLQDWHG E\ 7(33)% LQ
FROQOMXQFWLRQ ZLWK /\RQGHOO%DVHOO %RUHDOLV DQG
7*0 $XVWULD

)XUWKHU LQIRUPDWLRQ 7RQ\ &DOWRQ 7RQ\ FDOWRQ#
WHSSID HX 7HO

$YHQXH GH &RUWHQEHUJK

%UXVVHOV
%HOJLXP
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