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Advantages of needle-punched, PE-coated

BENTOFIX X

Geosynthetic Clay Liners (GCL)
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Material science - Engineering - Innovation

BENTOFIX® - The Original!

The Inventor of needle-punched Geosynthetic Clay Liners. V I




BENTOFIX" X

Bentofix® X geosynthetic clay liners (GCLs) - also known as geosynthetic clay barriers (GBR-C) - are
needle-punched, reinforced composites that combine two durable geotextile outer layers and a uniform

core of high-swelling powder sodium bentonite clay, with an additional polyethylene extrusion-coated
barrier. This forms a uniform, multi-directional, shear-resistant, hydraulic, multi-component barrier
with self-sealing and re-healing characteristics.

Bentofix® geosynthetic clay liners (GCL) exemplify
how geosynthetics perform best: by interacting with
natural elements to create something stronger or
more secure.

Needle-punching revolutionised
n Versatile sealing applications possible

The .needle-punched manufacturing technology
greatly increased the internal and external shear
Higia . : strength of GCLs and expanded the range of applica-
E:;g::::;in?r Zﬁh('jzv:;l}l':gé‘)dwm tions in which GCLs could be used. The needle-pun-
coating ching process firmly bonds the three unique layers
of Bentofix® — two outer encapsulating geotextiles
and the core of sodium bentonite. This bond creates
a single, engineered barrier that utilises the best of

both synthetic and natural materials.

n Immediate sealing and long-term

WA Desiccation barrier

WA Protection against ion exchange
The Power of Powder Bentonite
YA Baries 20ainst rocts Bentofix® GCLs outperform significantly thicker lay-
ers of compacted clay. The exceptional, immediate
WA Gas and radon barrier swelling characteristic of powdered sodium bento-
nite provides a long-term barrier that can “self-seal
WA [nptoves the prstaction against an re-heal” (e.g. swell to fill potential punctured./
bentonite erosion from high water amaged zones) and rehydrate to renew the barri-
pressures and gravelly subsoils er even if it has been exposed to desiccation. The
highly engineered geotextile outer layers provide
WA Direct coverage with concrete out'standing Protection.against piping of the ben-
and lime possible tonite, durability to resist damage, and strength to
manage the challenges inherent in barrier designs,
such as for security on slopes and against fluctua-

"‘ Shear resistant overlapping possible ting heads.

with special adhesive tapes

Bentofix® X Coating - the add-on value
WA Cost-saving alternative to

compactedClay The polyethylene coating is attached uniform and

firmly onto the woven Bentofix® X component crea-

WA Robust and durable geosynthetics ting a durable bond with the needle-punched fibres.

Egrc:psmate the bentonite scating This ensures a very high fibre pull-out resistance and
increases the long-term internal shear strength.

\" The uniform needle-punching improves
multi-directional shear strength and
internal friction angle

The Bentofix® X polyethylene extrusion coating en-
sures an immediate and enhanced barrier to gas and
radon while protecting against desiccation and cri-
WA self-sealing length overlaps; with BFG tical substances. In applications wih high hydraulic

types all overlaps self-seal gradients over coarse soils the additional Bentofix®
X coating prevents bentonite piping. In other appli-

WA Quick, easy and cost-efficient cations the barrier acts as a possible root barrier.
installation

Figure 1
Desiccation behaviour of
geosynthetic clay liners
in a laboratory test
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ADVANTAGE 1: BETTER DESICCATION PROTECTION
Bentofix® X GCLs are coated with a polyethylene
layer on the slit-film woven side. Installed with the
coating facing up, impermeability and performan-
ce aqainst desiccation improve. In a test Bentofix®
X was placed over a sand layer with the PE coating
faced up. Bentofix® X was saturated for 3 weeks with
water through the sand layer under a confining stress
of 18kN/m2 prior to the desiccation period at a tem-

Shear_stress [kN/m?],

per?ture of 40°C and air h‘umidity of 40%. During a PP ——
period of 250 days the moisture content of the ben- » Wsandvsise B Seeidaintus | |
tonite layer was monitored. The results show that a & | B e I
relative water loss of less than 10% occurred. There- i3 | . = |
fore it can be stated that Bentofix® X-types do not 0 ] 10 15 2
desiccate under these conditions. ‘Stiedr displacemnent fmm]

Figure 2

ADVANTAGE 2: SHEAR STRENGTH Example of shear
stress of Bentofix® X

The interface friction angle also plays a major role
in slope applications. The mechanically bonded non-
woven of Bentofix® provides high interface friction
Bentofix® X coated angles. The structure of the polyethylene coating of
! I Bentofix® X geosynthetic clay liners varies according
to the thickness of the coating. Therefore, project-
specific friction angles should be specified. For slope
inclinations up to 2.5:1 (hwv) the extruded friction
{ ; structure of Bentofix® X-types is typically suitable.

coating against
various materials
at 20kPa confining
stress

GCL
with bitumen applied ADVANTAGE 3: CHEMICAL RESISTANCE
The polyethelene coating of Bentofix® X-types is
manufactured from high-quality resins, which are
comparable to those used in certified geomembra-
nes. This gives the coating the necessary chemical
resistance for long-term bentonite protection

against critical substances.

eratiires 40°C
uinidity: 30-40%

50 100 150 200
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Please send me
free of charge the
Bentofix®-X binder

Bentofix® X Sealing Applications:
- Landfill caps, closures and base seals

- Environmental protection under roads,
railways, airports

- Dams and dykes

- Water containment and pond applications
- Structural waterproofing

- Secondary containment

- Mining applications

- Tunnels
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BBA certified waterproofing
BBA'““E’""" systems (Bentofix® BFG 5000 +

CERTIFICATION

CGATIFICATE No 05/4256 Bentofix® X2 BFG 5300)
A P>~I,\ NAUE GmbH & Co. KG Phone  +49 5743 41-0
i 1= Gewerbestr.2 Fax +49 5743 41-240
32339 Espelkamp-Fiestel E-Mail info@naue.com
N A U E Germany Internet www.naue.com

\ll ®
i A% and Bentofix® are registered trademarks of NAUE GmbH & Co. KG in various countries.
The information contained herein is, to the best of our knowledge, true and accurate. There is no implied or expressed warranty.
© 2016 by NAUE GmbH & Co. KG, Espelkamp-Fiestel, Germany - All rights reserved. - No. 291 - Status 24.08.2016



Fiber-reinforced Geosynthetic

Clay Liner (GBR-C)

Bentofix® X2 NSP 4000

N
RNR
NAUE

NAUE GmbH & Co. KG
Gewerbestrasse 2

32339 Espelkamp- Fiestel
Germany

Phon: +49 57 43/41-0
Fax: +495743/41-240
E-Mail: info@naue.com
Internet; www.naue.com

Bentofix® X2 NSP 4000 is a shear strength transmitting geosynthetic clay barrier (GBR-C) , continuously
needle-punched through all components. A GBR-C is also known as geosynthetic clay liner (GCL) or bentonite mat.
Following its needling process a polyethylene layer is coated to the entire surface of the woven side.

The 300 mm length longitudinal overlapping areas are marked on the coating side.

Property Test method* Unit Values
Geotextile layers:
Polypropylene nonwoven:

Mass per unit area IEN ISO 9864 ‘g/m2 ‘2 230
Polypropylene woven:

Mass per unit area ‘EN ISO 9864 ‘g/mz \a 120
Bentonite layer (sodium bentonite powder):

Mass per unit area EN 14196 (p cLAY) g/m 23,700

Swell index ASTM D 5890 ml/2g =24

Fluid Loss ASTM D 5891 ml/2g <18

Water content DIN 18121 /1SO 11465 (5hrs, 105°C)  |% approx. <10

Percent Finer ( Passing Sieve No.200) ASTM C 136 % 270
Polyethylene coating:

Mass per unit area EN ISO 9864 g/m? >200

Thickness EN ISO 9863-1, ASTM D 5199 mm 20.2
Bentofix® X2 NSP 4000:

Mass per unit area EN 14196 (p GBR-C) g/m? approx. = 4,250

Thickness EN ISO 9863-1/ASTM D 5199 mm 26

Max. tensile strength, md/cmd** EN ISO 10319/ ASTM, D 6768 kN/m 12.0/12.0

Elongation at break, md/cmd** EN ISO 10319/ ASTM, D 6768 % 10.0/6.0

*kik >
(ii:\llvi:[/zn\?sthwoven/coatin ) ASTHD' 6496 o 250
' 9 N/m > 360
Static puncture strength (CBR) EN ISO 12236 / ASTM D 6241 N > 2,000
s EN 14150 / ASTM D 5887

Permeability (10 m water head, coating only) (m¥m?/day |3 x 10®

Permeability / Hydraulic Conductivity EN 14150 / ASTM D 5887

(calculated by testing according to EN 14150) (10 m water head, coating only) m/s <10™

Index Flux (q) EN 16416 / ASTM, D 5887 (GBRConly) |(m%m?/s | 5x 107
Roll dimensions:

width x length, / diameter ( e.g.) - mxm/m |4.85x50/@ 0.65

* = hased on; **md = machine direction. cmd = cross machine direction: *** max.peak

The listed technical values are guiding values, achieved in our laboratoriis and/or independent testing institutes. Our productes

are subject to changes without prior notice.

revision date" date 8 April 2014

Bentofix.xlsx X NSP.xlsx X2 NSP 4000_e




Installation Guidelines
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220 g/m? ienagauaiuassiu EN IS0 9864 (EN 965)
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Slope length a %\\\?
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4.1.7 Measuring tape

S




4.2 N1SH6aA0

- - — < < - ° A —_ ° - & -
4.2.1. ms@agoiiuaunisodoasiHozdoorilusruniianmuenmaulna liaosimsaanolusru:n

Juuan lasardeuiasgiu ASTM D 6102 81090 QW
o)
. . - o PO gy s o " - Ty P P
4.2.2. fioumsaaaotuaumisodoiasizrozaeorinmsuada@onitgeousnnhgiinnisaaaolii

- = w2 . 5. sl oSt o/ A 5
aoundousonazissu ddala 9 1Wu nogl, daaiaw, nunuuunmln%ﬁk@wmums DELNERE]
' o o T =t ol = o i NG !
govNoUMNSANINSaUTo tﬁumanmmsmmm&oo:maouszmu'{um(”;@ymn:n >100

Jadwas lus:e: 5 wasdosun 4 [(Q§\7/
SR g VAN
N
| (,‘;\\\1)7
2

)

~ -~ P ol ~ - ¢
@ suUn 4 uaaonisysuaniwiiunnauynuuaumnisddoasizn

miisoduinsizrozdsorinmsdaegluseouSouduuugoonivaia msyukuauniion

i = it g T . im0 iy 4 S et :
/‘tx AUIE@INIgadIWUaUIUDa0INSI=N lla:'\ltma\)}'nﬂ'lsuﬂaﬂ'[nlluuﬂ\)f‘!,l]n 5 wedanuwu

R i o A R e S e i
GCL msyududuniisodoinsizriv=ldindoosoununaznyunkuduinisodonsiziidaunusn
P .~ = ° o 8 - 50 < ? s e A = | . Ve ) [0
dnualdmusyn 6 nazitnsaauuauniisodoiasizrisosiadadosdn 7 lasdooldliani

a5 A= i 2 ; ‘ : 2 "

ﬂ:)’]UﬂUll.]UWIﬂU[WEﬂU]nlﬂﬂﬂD'\Ulaﬂn'\ﬂmaa\)ﬂdstﬂauﬂa\)ﬂwu GCL lla:lwaTH"[mlluamsoolﬁU

UUNa&ds1o

Bentofix® Installation & Acceptance




7
Ui
sU 6 taaomsyuiuaumisodoiasnzH
Bentofix® Installation & Acceptance | .
. _d



=

° ' ' - e o A “ o . < ‘e
4.2.4. i1N152101UISO8GONU/So8daUL aduliiiudosun 8 v:=dooliszazdounulijvos
' P . . .~ - ' - o Py - o o
n31 300 uaalumsﬁomunmouaz@o v=aiovlulisosgun3adaadulunuodounu uasld
¢ - - - ' < A P | '
wulnlue ludsuawu 0.5 Alanu /1wgs Isenuasuunuddanuaosun 9n IWoidoUsasnod

Coe - ke 8 gy ° P Vs 4
dmsuuspunalandeluynshidy aoswavuulnludiuiinournmsiousessionosyn9y

"

A ’ = ~ P .
Un 8 1amon1sononuiEuauintaddoinsizn

i

Bentofix® Installation & Acceptance




sUn 9 nanonisaenuikudunisodoiasdcrayefisuulnluniuuwo

ua:uuumsa%
O P T v o bt - D
4.2.5. mMublAia5009ns131110Ulag ASOUUNEU AL aomsum:moouﬁ‘umudmnuaqamouaa

300 Gadwas aogui 10

e . WA ) = Face

P T
sun 10 naaoguaadunisfaanousuauintisn

Bentofix® Installation & Acceptance




10

4.2.6. lunnsusaomsimsaaaouiuduiniesdoinsizrozdooriinisu anunEuaumrieodoins1zn
@o8ddany

a.2.7. damn wulnlud daowduuinnst 50% deurnmsUanuadeddany = \rfm@smﬁau
wiuGumisodosnzrludoudu 1 dosuuGumriisodoiasizHnuio g \;_)} 7

&,

4.3 N15AUAYANNIWAISWAAYTDIIEA, ) Q//\f—

O
e - o~ 3 - P . ) <
4.3.1. iuauInteodoIns1zio:wanongwannlasunssuseoauuIa :1309001

o e v S b 2 Biite ” S
4.3.2. uwumumuaoaomsunnwamuaao:maommsmsaoaauimaha YooK wanaIuuUIASTIU

nsusmsanunw 1S09001 na: dovindvdesuseound @1 Nywan

4.3.3. wAnv:ioodain3auuanadouINHeonadouuoowua nudumnisodoiasizinnya
- e 2 '
gooniswannuwnly ru. nuosou

o - A o s e b s S
4.3.4. 1nuamonan§w1waausumsu1lm naun1saovdaunn,

5. A1SHA00UIISIDGONTU o

naunuaumidsadoiasizrlagundiozdoununud @
S = | u .y ok -~ .
Jaawasis=uluaundwYavliiuduinisddoinsi=i laeuiud
- . - et & & =] - o
usinusagaonsaianuruziluwudan gsruzhvaudouy

. = o - o A .
Bentofix “NSP” GCL a:us:a:qmuu[nTu@ Uangnodundioazeugioialdlunisdeniu

Us=u1ru 500 Tazwas laghisuludaoldagiou {ornnsusniuiGulunisaeaniu Bentofix “BFG” GCL
Tarinmstadeuansuulnlurldusnuuauna nazfundnovevtduaunisodoiasizy lasldaisiuuln

. = | - ¢ e -~ - ¢ ) - o
Turius=unru 0.4 kg/m FouSurruaisiuu rilundudumtsodoiasihtuauisadsulasuldlags:=ynu

nwywan NAUE GmbH & Co. KG.

lagszgzmsaoniu 300 0 mg veqnimualdddeidu Overlay ludumoumsuaa tasiimsiay
« ] A o - A = ‘- - ~ . ° vt -
arswulnlurnaollludoundaun AusoulasveonuGunisognaa 6o mlkiis:e:iadouans

wulnlurionShjtlivowa v:=a fomus:=a:seadoddvarsaarsuulnlurldisze: 500 Daawasaogy
A
nil

, bentonite impregnated ,
"eifge 500 mm :

24

ITOFIX® |

X

R s R
[N w LI
{ 1
overlap mark U300mm

4 - . .
sun 11 naaofiomsaonivuwu GCL

Bentofix® Installation & Acceptance.




11

6.n11510590 Bentonite Paste

] ‘ f R - i 3 a
dou nazwowulnlud 1 dou azaeliidnuddea3eoway snuuaisazareuulnluriv=qady
sesdalriinouniivegiotos 200 Jadwasuaznur 10 Tadwas @osin5e9 (To éz;a unwuaunge
> ‘ "o = - ' - - - . -
dolasn=rnuulidnne dodacinoua:analifiduaunsadoudandasul:zuuagnsy ldlinona
(Broom) do# Jno1aeenegos:ins:=ooliliiiaaoumdsmedeousu GCL uan a;\{('xaaouumdu GCL

V.20 < A
nualoaosdin 12

@oﬁodauwaumaomﬁmuwun'

- - - - - = Ao o o —
mmomsanumoqdn lagdszeznumuniimuald nsonotuduwuauIntsd

msaaaouduNuaU
wed o
\Ja’]aT:)nm']UUUﬂaOﬁ']ﬂlla:
- TP [ -4 P | - o ' P | o b -
dolns1=HNOAGN10&aoU anDSIAANASY niamluawisananiasslaaosodolarsuwuaumniad

doiasrzravluluaiay




12

8.011566 6105131959868 UUD

msaanonduaundssdoiasiziaulasoasionaundmiloliiiuauouiesnuinaiunsatiiu
w4 o P — o . < A < = v i e
Uszgndldsounulalasisieazideanisiaaonazs=azaoniuaosun 14 naznasin @wumumuao

) ¢ o .~ - - - o - o | - A A . - -~ “
dolasn=rnulasoasionsun3adeusesnadvinnisanaons:e:aosdn 15 ﬂmuuusg m%nuuulmlwu
GCL wuuaiinAuaoasundalililiseadu souwu ua:uStaruﬁosaaoiamuaaouuiu@ﬂ\"uom @iu Au n3eddn
4 . - ' - | ° '

du 9 vreguuEouwu GCL nvzninisaaniu A

{Masandawusnukiu iby@iendu Ay WialAadwr anajuudusu GCL fanhmisd |

v
i T T T T T T ] ]
1 il T ] P ] T v T T

A — - . ' - - -
sUn 14 ndaaonosieazios wiu GCL nulasvashonaunsa
- ' ] “ e (o - ‘o - - &
S“Umoamomsnaaswomm‘?‘ouwumu@umsn:nnuTmsoaswomaunsmuamob"lu:;lln 15-22

connection bar :
(fixed 5 times per m

sUfi 15 uanofivszaznmsaaaosounulasodsionounsa suUn 16 lasoasoaaunsa

Bentofix® Installation & Acceptance




sUf 17 msdausiu GCL

13

—~ S . A . ' -
sun 21 msaaaouwu GCL sun 22 nisdeonunsu GCL fighulaseasio




14

9.4a@955:30
b
9.1 W20USI0USAYAANIUDNDNAZNISASIVHDU o~ ?7
s
sosfonosy

. . oA - = —~ o
MSASIvAUYARDSI0IUDHaNWoUUaIn nsa1uuuomo‘imﬂuanum:mslﬂ@
Ut

A - ° = . Ty ° . A ' 5 . .
i 23 Fovsrimsaaaonwu GCL Funsnuazuinuiu GCL ueun 2u16eniuaus:s: uaq:,@ 219509010 N0Y
O[»\\‘\“

"\\\7

¢ . | ' _
wulnlun nazdsvasovdousasiBouagvazidya

Cover soil 2300mm

A ' - e B -t
sun 23 uamomsmamuustomn(lﬁ,’@anonuauauua:uuam

- o |
9.2 n1sSIasSguwuUniazn1Isay

A it — o ¢ o e " wae - ~ <
Wwanwuauniedoins1ziinsaaaol Ailarinmsaauaununitmeslu 24 9oluo

1 grunnigsvamueiniaonvv:mlrinalinse l@‘i
] asdulasaniwonmeidu duan

agoo Taawas (Jaouiduus:zuinu 6 kN/m2) uazadsriinisagy

° s ol o - - ° -
aurnnuald ernsaanonaziianisilgndenls

n1SnUAUAdSTadWNU1D819UD

| o v Ao §oiies —- - <& P = e = . . . -
numsludunrinmsyuukuauintaddaoas snolUauntsulditudaanuozidu Fine cohesive soil n5o9:

we e - . (o Ty ‘ e < aiZa e
'['dllJU?j:UhU}'lUUU']O\[GlEJDOQS:HD’lOﬁDO awasuiny YiSf)O'IUYlUﬂS’]uIﬂ'lSﬂS:'\')’IEJGDUOOOU‘ﬂ”lﬂYlG] onau

- . . . q 2 A o = < - < - o
iia Silty soil naz Organic soil uy cauiv=tilditudaany Admonisuadaadsuluianioasogiu

%‘2

mmﬁmusmﬁauﬁﬁamﬁ U'SD@,
A o o= =
lagnaoolivsuangsn

e T — - - 2 L og o q.vo - P |

ﬂUYlﬂYl'l\)ﬂ’lSl‘.lllNUmUll’lUElDa\)l n 24 HGIUSIOﬂ.la'lOIUUthlU:U'ﬂHY]'\n’lSUO\OO'lllUUL]ﬂﬁllUOOO'm
& i) - G s e

SN1IN1ISUMDADYIVSUNSE00 wolyliuSusagsalianIstanooan

oglavo

cover soil

tarp, thin
membrane

300 mm

(NN

> =

- =EENTORIX® - |

ntonite
ot J%L overlap mark

[] ]
: 500 mm g

= = . . . = v oo B s
suUn 24 ranosUnaniomsuadanuuudsaniviwu GCL sun 25 waaon1sldoru Geomembrane sounuuu GCL

| Bentofix® Installation & Acceptance



15

- v o= - 0 . "= — o ¢ - | -
MSnUEoNNAUUS DSBS NI WIHUAUINTEAIAS1:HAISKANA8Y NMSNUGUAdSY=NUluIUD
- - ' o oA - f 3 . < - ] 2 -
weodunuoybu GCL nazvruzdunsunisldindeouada gooseadaliaosudunsotunaaguaaunisuadn

A g - = — A 19w - P R N - A
iarhmsuasaasonostaiiuililiiinseswsiiauuiiun ndediliawisananiasonsdsinsvnmsou
gedda snussnn 610 9 laldldmsnuaununedioios 500 Tadwas :

N

&
tonasgoneny | o3&

Al 2= = - - o e o
Wainand1uIdenig and1a nsaviansg vni=n1s0oo0nv USID(ULTUWDS-((R %%UIIUUIOI?JY\UYI lag

) — P [T ' | 8 e A [ ¢
NSUENAIUUSIDAUNIAYN890NUINDUIEIDNFUAIUTDOIWUAUINTIE0IAS1=A
P -t | P - ' - P
inaaduidgnienuenooan 500 DadaiwasnSaagtouas 300 Uaawsas qu@%

i A
gousosfonosun 26

3 s R . ve - v ~ g sl
nuaundsodoiasizrozlasuaouidemeladneoinaisiail asawnulilagaoyooinad gnunnun

- ' - - -4 o Ghoal
goiiuna1 70°C lugruznooiiu nSoadnuidsmeninavnmsand
duianudn snnmsriuinsamleiasduvasivulniuriisomulnoy

. -

Ydoungunuuiaeonu

Secutex®
nonwoven

bentonite

4 P - .
& sUin 26 nanomsdounguSuiEsnsTauuiu GCL

10.1 91 @smsoaaau

Q

47% AnsanaoIaziduYTaU WUAUINTYId0IAS1zHADINNINISASIVAOUSO8GD IUDAITU
- . P ad o4 =4 9 o - ° N e |
@sdoURWS009INMSsAa0 HuNAWUAIIUIABMBABIRINISSUIAS00nU1e llasinmsdoundy Fo
~ . ., — Ao - —- o p~ - '
ATsrdonsdaundudovlidaonsnsuiiavaunsagnlasuuaunuigdugunisdoungy

Bentofix® Installation & Acceptance




16

18n415971939
i\

1. Larry Lydick, June 03,2014 “GCL Installation”, GSE technical manager.

ternational

2. Athanassopoulos C.and Smith M., September 25, 2013 “Design for conside s for
geosynthetics clay liner in heap leach pad liner systems",'CETC@%ﬂ

crop., USA,

3. CETCO “Installation Guidelines Bentomat Claymax Geosyntheti ner”’

4. Geofabrics “ELCOSEAL laminated GCL Installation guidelines” %

5. Jilin Liufangzi Bentonite Science & Technology Co. Ltd “Instal uideline of Jilin Liufangzi
geosynthetic clay liner”

6. NAUE GmbH & Co0.KG Gewerbestrasse 2 “Bentofix Type G Installation and

Acceptance Procedure for Landfill Applications™ lkamp Fiestel, Germany.
Q@y

5
S
@
&

§
&

NG

Beritoflx® Installation & Accaptance [l ]
_d



i

So)

(7%
© Z&Vigor merger co. Ltd., 96, 31 Floor, Soi Ratchadaphisek 19, Ratchadaphisek Rd., Wat
Thapra, Bangkokyai, Bangkok 10600 Thailand.

Tel : (66) 2848-0999 Fax: (66) 2848-0806-7 URL : www.vigormerger.com

Bentoflx® Installation & Acceptance l
_d



A& | Vigor Merger Co.,Lid.

COLETANCHE



GEOMEMBRANE WATERPROOFING SYSFEM

'COLETANCHE

A UNIQUE DESIGN

WATERPROOFING SOLUTIONS

ENVIRONME TRANSPORT
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HIGHLY TECHNICAL PRODUCT -
i

public works and civil engineering projects around the world.

The high technical performance of these solutions makes them suitable for a wide range of applications
for both new build and renovation projects in various sectors: environment, hydraulics, transport and
underground construction. '

MULTIPLE APPLICATIONS

COLETANCHE® geomembranes are
specially designed for the following
sectors

|
With its COLETANCHE® brand, AXTER proposes a range of geomembrane construction solutions for
|
|

> Environment: retention of solid and
liquid waste, biogas barriers, etc.

> Hydrauiics: dams, canals, basiné, etc.

> Transport: bridges, roadside ditches,
railway lines, etc.

# Underground construction:
buried walls, waterproof linings,
underground structures, tunnels,
etc.

COLETANCHE?®: GUARANTEED
QUALITY

We implement a quality assurance
system to the manufacture and
installation of our gecomembranes, -
guaranteeing maximal quality.
Welds can be inspected byvarious
methods, including ultrasound

TEC H N lCAL These waterproofing systems are implemented in compliance with local regulations and

reference systems. For example: CETU technical approval and ASQUAL certification in

VALIDATION ™

Additional internal specifications can also be implemented. Please contact your local
representative for more details

ASQUAL

o

l\




RELIABLE TECHNICAL SOLUTIONS FOR A WIDE RANGE
OF APPLICATIONS

: /ﬁﬁlE COLETANCHE® GEOMEMBRANE:
A UNIQUE DESIGN

P.4

P 6 ENVIRONMENT

LTI
54

P.8  /HYDRAULICS

P9 | (ONDERGROUND CONSTRUCTION
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P10 “TRANSPORT
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PEELABLE PROTECTIVE
STRIP FOR WELDING

RESISTANCE TO COMPATIBLE WITH

AGGRESSIVE ALL SUBGRADES
ENVIRONMENTS AND COVERING
even without adding MATERIALS
an anti-puncture (hot-mix asphalt,
geotextile’ concrete, stone,
gravel)

EXCELLENT
RESISTANCE TO
AGEING
Resistance to UV,
weathering, biological
agents and oxidation

=
=72
SUITABLE REMARKABLE
EVEN FOR DIMENSIONAL
EXTREME WEATHER STABILITY
CONDITIONS AND FLEXIBILITY
(rain, wind, cold to Guaranteeing permanent
-40°C) contact with the supporting
ground

BOTTOMSIDE:
ANTI-ROOT
PERFORATION FILM

UPPER SIDE:
SANDED

. OVERLAP LINE
i~ FOR WELDING




FOR ALL APPLICATIONS DEPENDING ONIMPLEMENTATION CONDITIONS,
SUPP RT‘SURFACES AND CLIMATIC CONSTRAINTS.

 COLETANCHE® ES

ANTI-
PERFORATION

IMPREGNATION
AND COATING
BITUMEN AND FILLER

GLASS FIBRE

-

NONWOVEN
GEOTEXTILE

IMPREGNATION
AND COATING
BITUMEN AND FILLER

ES RANGE is made from elastomeric bitumen, with
high elastic properties, ensuring better resistance at
low temperature, higher resistance to UV and improved
durability in exposed situations.

' COLETANCHE® XP

IMPREGNATION AND COATING

ANTI-PERFORATION FILM BITUMEN ANDFILLER

IMPREGNATION AND
COATING
BITUMEN AND FILLER

COMPOSITE
STRUCTURE

XP RANGE is a single-structure variation of the ES range. It
is less thick, but made fromthe same amount of elastomeric
bitumen, ensuring the same mechanical and construction
performance.

The geomembranes of each range are available in increasing grades of resistance, meeting all requirements,
regardless of the mechanical stress to which the product will be subjected.

i Thlckness
; ‘ (mm)

3,2
3,2
3,7
P Az

*Non-standard lengths and widths can be made to order.

Standard

width (m)*

51

Dens:ty

Standard

length (m" (/m?) ifi
N O
B0 4850
65 5800
e e - Elastomeric
140 2500 bitumen
100 4300
100 4300
80 4900
g 5200 Iy
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ndustrial and domes

 CONTAINMENT OF SOLID
WASTE

Waste from domestic, mining and industrial
activities, green waste

The COLETANCHE® geomembrane is widely used for the following
purposes:

W waterproofing and isolation of bottom ash maturation areas,
composting areas and ore extraction sites,

B containment of storage centres for contaminated industrial
waste (chromates, potash, etc.) and landfill sites,

B coveringslag heaps after activity to prevent the spreading of
pollution via rainwater and contamination of rivers and the
water table,

m protecting reserving water resources and soils against
pollution of all kinds.

05
CONTAINMENT OF LIQUID
WASTE 7

Waste water, liquid waste from industrial and
mining operations, tailings pond
Watertight construction design for rg__a'ééntion of polluted waters
has increased substantially in recent years.

Coletanche geomembranes have a high level of resistance to
biological and chemical agents and offer an environmentally
friendly solution to awide range of pollutants.

BIOGAS BARRIERS

Sensitive sites

The COLETANCHE® geomembrane enables the recovery

of formerly contaminated sites by making them suitable for
construction. By preventing the gases in the soil and/or backfill
from spreading through the upper level structures, it preserves air
quality in the new constructions. Its performance levels make it an
effective barrier against upward gas flows.

MNPy o A W Ve S Sa
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COLETANGHE® PROTECTING — » " .
THEENVIRONMENT =~ & '
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COLETANCHE® protects against the harmful effects of pollution, preserves water resources and soil quality for
future generations in conditions compatible with today’s industrial, domestic and mining activities.

COLETANCHE® has a wide range of applications in industrial and
mining sectors: basins for storing, lagooning or leachating different
types of liquid and solid waste, for bottom ash maturation or green

BUILDING ON . waste composting platforms.
I SENSITIVE SITES

COLETANCHE® is suitable
for the most demanding sites:
it can minimize the impact
of construction activities on
the natural environment or
improve conditions.




this is why we

1S

'DAMS

Flood mitigation, irrigation, industry,
hydroelectricity

The COLETANCHE® geomembrane is used for new build and
renovation projects concerning the upstream construction facings
of dams: Ospédale dam, Galaube dam, El Mauro dam, etc. It is
particularly well-suited for the waterproofing of slight gradient
earth-filled dams.

e
CANALS e

Irrigation, navigation and supply canals

Used on its own or combined with mechanical protection

systems made from concrete, gabion or rock, the COLETANCHE®
geomembrane is an effective solution for the waterproofing of all
kinds of irrigation canals, hydroelectric power plant supply pipes
and waterways. It is also recommended for the construction of
drainage trenches and repairing leaks.

BASINS =

Large and small leisure pools, fire reservoirs, fish
farms, drinking water reserves

Thanks to its resistance, flexibility and compatibility with drinking
water, the COLETANCHE® geomembrane is ideal for construction
hill reservoirs and basins for utility purposes (irrigation reservoirs,
fish farms, drinking water supplies, fire storage, roadside basins)
and leisure facilities (snow machine supplies, artificial lakes and
ponds, protection of dams for leisure ports, etc.).
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GROUND CONSTRUCTION

 WATERPROOF LINING

Construction from the inside

Lininga building involves construction the basement areas from
the inside. In France, DTU 14-1 defines the general criteria and
recalls the crucial nature of treating particular features. Alining
with a bituminous construction membrane is completed by an
external structure to protect the waterproofing and ensure
resistance to hydrostatic pressure.

UNDERGROUND
STRUCTURES / TUNNELS i

Extrados waterproofing o

Extrados waterproofing involves construction the prefabricated ‘
frames installed in a trench to be covered later. The
COLETANCHE® GC system, currently under evaluation by CETU,
is implemented independently and the overlap joints are welded
with a blowtorch. The goal is to eliminate the risk of hatural [
groundwater infiltrating into the underground construction; !
COLETANCHE® thus ensures the waterproofing, protection
and long-life of cut-and-cover tunnels and wildlife crossings, for
example.
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RANS

 RAILWAYS

Stabilisation of railways

The COLETANCHE® geomembrane is often used in the construction of new railway lines (high speed lines) or for the
renovation of existing lines. Specially designed to hold the ballast directly on top, this geomembrane is used to stabilize soil
at risk of deformation in contact with water (clay, gypsum, sandy terrain) and to prevent fine particles from rising up into the
ballast. This also means that the use of pollutant phytosanitary products is unnecessary. The width of COLETANCHE® (5.4m)
corresponds to the usual dimensions of a European railway line, which also makes it ideal for railway bridges.

" ROADSIDE DITCHES

Ditch waterproofing

When motorways are built or roads are widened, the water laws
(control of rainwater and runoff to protect the quality of the
groundwater) require the construction of sealed gutters (ditches)
to collect the runoff water from the road and transfer it to the
retention basins.




AIRPORTS

Stabilisation of airport runways

COLETANCHE“’> can be used for airport runways to create a waterproof barrier above water-sensitive soil to
preserve the physical and mechanical properties of the runway regardless of weather conditions: rain, snow,
sun, high or low temperatures. The composite structure of COLETANCHE® geomembranes, with its reinforced
geotextile, also offers excellent resistance to punctures due to aggregate.




AXTER

Rue Joseph Coste
59552 Courchelettes
France

Tél.+33 32793 1020
info@coletariche.com
info@axter.eu

[ AXTER COLETANCHE INC.
1500 rue du-Collége, Suite 205

Saint-Laurent, QC H4L 5Gé6
Canada

Tél. +1(514) 903-1912
info@axtercoletanche.com

% AXTER COLETANCHE

AXTER designs, manufactures and commercializes construction
systems (bitumen, PVC, liquid) for flat or sloping rooftop terraces,
public works and civil enginéering structures. These construction
systems also comprise additional products and accessories that are
required for their installation. AXTER generates 40% of its turnover
on the export market, in more than 50 countries around the world.
Our sales and technical teams work with you as partners, assisting at
every stage of your project..

| AXTER ILLZACH
33ruedes 3 Frontiéres
68110 llizach
France
Tél. + 3338 961 5161
info@axter.de

| AXTER CZECH REPUBLIC

Eli4$ova 20 - 16000 Praha 6
Czech Republic

Tél. + 420222 951 195
info@axter.info

www.coletanche.com

AXTER IBERICA

Apdo. de Correos 180
PI.CaN'llla

Avda. Jacint Verdaguer, 26
08530 La Garriga (Barcelona)
Espaiia

Tél.+34 938717333
info@axter.es

W4 AXTER LIMITED

West Road

Ransomes Europark
Ipswich - Suffolk - IP3 9 SX
Royaume-Uni

Tél.+44 14737 240 56
info@axterltd.co.uk

AXTER CHILE

La Concepcién, 65, Oficina 904
Providencia

7500010 Santiago de Chile, Chile

Tél. + (56-22) 236 99 39.
info@axter.es

[ AXTER AUSTRALIA

Bureau 1302

50 Cavill Avenue

4217 Gold Coast
Australia

Tél.+61(7) 56 3544 89
info@axter.com.au

T
hies non contractuels. Le fabricantse réserve le droit de modifier 2 tout moment ses prodults. © Photos « Terrapixa, Axter, X.- Février 2021 @

Réalisation: axsllescom/ Imprimerie: GRAPH 2000/ Informations, schémas et photagraﬁ




Environmental protection

Waterproofing of hydraulic Works

Transportation: Soil stabilization

and erosion control
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Company introduction

Systems based on Bituminous solutions

Our Expertise: Design, manufacturing and sales of Waterproofing I l

w Buildings: - Flat roof designs / Bridges 7]

Bituminous membrane (1m width / fully torched)

s Civil engineering: - Dams, Ponds, Canals
- Mining TSF & mine closure COLETANCHE
- Landfills and waste containment
- Transportation

Bituminous GEOmembrane (5m width / torched on overlaps)

Company introduction




Product presentation

Product presentation

Geotextile impregnated by Bituminous Blend
Coletanche is a multi-layered composite, each component providing a technical benefit on site

Non-woven
geotextile Sand

Anti-perforation Impregnation Glass fleece Impregnation
film and coating and coating
bitumen filler bitumen filler

COLETANGHE m



Product presentation

Roll dimensions

—— T R e
R e — st e
PEELABLE PROTECTIVE . —
STRIP FOR WELDING

->STANDARD LENGTH: 55 M TO 140 M
- STANDARD WIDTH: 5,10 M

BOTTOMSIDE: - THICKNESS 2,2 TO 5,6 MM
ANTI-ROOT
PERFORATION FILM

COLETANCHE® is available in two ranges:
ES range and XP range

UPPER SIDE:
SANDED

Thickness'
Width (average)
Length

Non-woven Geotextile weight
Unit weight

Friction angle

Coefficientof Linear Thermal Expansion

Water Permeability




Product presentation — ES range

ME!

Max. tensile strength;, kN/m:
- Londitudinal
- Cross direction
Elongation, %:
- Londitudinal
- Cross direction
Static puncture resistance, N
Resistance to tearing N:

- Llonditudinal
- Cross direction

Flexibility at lowtemp. °C:

Product presentation — XP range

COLETANCHE XP - Single composite reinforcement

Composite
reinforcement

v

Anti-perforation Impregnation
film and coating
bitumen filler

Sand

Impregnation
and coating
bitumen filler

COLETANGHE m



Thickness

Width (average)

Length

Reinforcement weight
Unit weight
Frictionangle

Coefficient of Linear Thermal Expansion

Water Permeability

Certifications

H Manufacturer Certifications
» |SO 9001
* |SO 14001

H Product Certifications
« CE Marking
+ ASQUAL, SNCF, NSF/ANSI 61, Gost R
« Numerous other tested approvals

® Verification according to ASTM standards

1SO 9001

Qualité

ISO 14001

Environnement

AFNOR CERTIFICATION @ AFNOR CERTIFICATION

Ay

INTERNATIONAL
Standards Worldwlde

GEOMEMBRANES cmmt:s

@ Cartlﬂed )

RESEAU NSF/A':E,.“'

e 4 e

COLETANGHE mm



Advantages of Coletanche

1. Excellent puncture resistance
Long life expectancy
Installation in extreme weather conditions
Wrinkle resistant
High friction angle

Easy to install & easy to repair

Advantages of Coletanche

Coletanche is very Puncture Resistant: » v NO CUSHION GEOTEXTILE REQUIRED

o Just one material to install

Thanks to its Internal reinforcement

v/ CAN BE USED OVER ROUGHER SOILS
o Bigger grain size accepted (subgrade/cover)
o Reducing site preparation & earthworks

Coletanche has excellent UV resistance: » v CAN BE LEFT EXPOSED
o No need of soil protection cover

Thanks to the Bituminous blend o Can be covered with any type of cover
(if needed)




Hot-Mix Asphalt Concrete

_cmmm:n[ Il

The visco-elasticity of the bitumen ensures the
watertightness allowing bigger grain size on
bed soil and cover

ES= #Ll iy
BEDDING S6IL 70 0y
FAILURE 8% Ps

Can be covered by
all type of materials:

- Rocks

- Gravel

- Rip-Rap

- Concrete

- Soil of any grain size

1.- Excellent Puncture Resistance

Rubber-tired machinery allowed over the gecomembrane
durlng installation and maintenance




Advantages of Coletanche

2.- Long Life Expectancy

v Excellent Longevity W o — e
o +30 years exposed B /gty ) '
o +300 years under protection (covered) s i - o~
i t b
v’ Durability compatible with the work life & ,
5: gyl .:“’.-.A R A "‘
Worst case biodegradation of a covered 5,6 mm NS A5y /-"
thick membrane is 3 mm after 300 years. N N
According to French Atomic Energy| (e , "
it Authority (ANDRA), now called |3 i
Brookhave_n Laborato.ry (USA Testmq.). e i R A R T >
Average biodegradation of bitumen in soil is effective barrier for 300 Years ’

5,5 x 10-4 cm per year

“

Advantages of Coletanche

3.- Installation in Extreme Weather Conditions

v Extreme climatic conditions -> Extremely hot / cold temperatures

v’ High wind zones -> No uplift with strong winds

o Can be installed in high winds up to 50km/h.
o Thanks to high surface mass of BGM
o Few ballasting during installation

v Rainfall & high humidity areas > Flame welded seams HDPE liner: wind uplift and winkles

—Bﬂlmﬂﬂﬂ!’l



Advantages of Coletanche

3.- Installation in Extreme Weather Conditions

Examples of installation in Extreme weather conditions.
Note the perfect conditions of BGM. There are not induced wrinkles due to temperature variations.

4.- Wrinkle Resistant

NO WRINKLES !!!

Same temperature:

- BGM section (as a
~ base for discharge
pipes) with no wrinkles

PE section with lots
of wrinkles

BGMs have a very low coefficient of thermal expansion and do not wrinkle with changes in
temperature. This provides a more secure project in the long run, with less risk of wrinkle
induced cracks and failures. '

—GBIETANGHE'I



Advantages of Coletanche

4.- Wrinkle Resistant

[} . i

= e 7 "_1 % ":E’j%&—ﬂ'.g;ﬁauq-_.u_x:a"{m‘gi o |
|
%
|
\
\
|
\

e s 4o
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HDPE:
Thermal expansion coeff.= 0,12 mm/m/K
at At=25 K and 50 m of length = 1560 mm

BGM:
Thermal expansion coeff.: 0,0022 mm/m/K
atAt=25 K and 50 m of length = 2,7 mm

FLAT AND SMOOTH FINISH! MANY WRINCKLES!

e e Y B R 5 1 R S W T S N S T |

Advantages of Coletanche

5.- High Friction Angle (34°)

v High Friction angle of 34°
v High surface mass & good flexibility .

v’ Adaptability to STEEPER SLOPES
o Excellent contact with the soil
o HDPE typically needs a 3H:1V slopes (18°)
o COLETANCHE can reach 1,5H:1V slopes (34°)
o Less mine time & cost savings on earthworks




Advantages of Coletanche

6.- Easy to Install & Easy to repair

v' SIMPLE INSTALLATION
o Prefabricated membrane
o Installation done by local trained workers
o Minimal tools needed

NO ADDITIONAL MATERIAL (Geotextile)
v' Less material to transport to the jobsite
v' Less material to install
v/ Faster job

Advantages of Coletanche

6.- Easy to Install & Easy to repair

SEAMING

Example of Correct Weld

Excess bitumen

200 mm/ 8 inch gi = 25 mm /1inch




Advantages of Coletanche

6.- Easy to Install & Easy to repair

Easy to repair:

v’ Simple, just welding a patch of Coletanche
o Bituminous binder (hot melt product)
o No need of External companies
o Mine own workforce can be trained for maintenance

v’ Can be repaired underwater (BGM = 1.22 kg/L)
o Even to other types of ggomembrane

et NS S

OLETANGHE m

BGM-HDPE connection




Coletanche against other geomembranes

Characteristics / Performances GOLETANGHE® m PVC
Water permeability SaME '

Gas pamaatilty | .

Easy installation

Dimensional stability

Surface mass

Tensile strength

Direct implementation on concrete
Installation in cold weather
Friction angle

Coletanche against other geomembranes

Characteristics / Performances COLETANCHE®
Ageing/Sustainability
Seam quality control
Repairs

Acid resistance

Chloride resistance

Leachate resistance

Contact with bituminous concrete
Puncture resistance

Resistance to tear propagation

UV resistance / Membrane exposed

High
= }Good

Average

RO R o

—



Fields of application

Environmental Waterproofing of
Protection Hydraulic Works

i

Solid Waste Storage ® Reservoirs and Basins
Liquid Waste Storage ® Canals
Biogas Barrier " Dams

Successful projects

Waterproofing of

Transport Works

B Roadside ditches

® Railway

® Airport landing strips
® Underground works




References: Hydraulic works - Dams

BABGM resisted 8.1 earthequake (2008)

Cerro Lindo — Peru

Mont Tremblant— Canada

La Galaube, France

References: Hydraulic works - Canals

Irrigation Canals

Quincy Columbia lrrigation District, USA [ Naches Sefa :;T’E’TWJGHG%LB’\
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References: Hydraulic works - Canals

Canals for water supply to Hydropower plants

|




References: Hydraulic works

Reservoirs & Basins — Drinking water storage

COLETANCHE m

References: Successful mining projects

5 TSF& Decant pond, Garrapateena Gold'mine; Australia; (88:000/m2),




v' COLETANCHE was accepted by
Finnish Ministry of Environment

References: Successful mining projects
}
\

v" No Geotextile or fill were required for
protection bringing significant cost savings
(10% equivalent to 500.000 USD)

v 1 layer of BGM could replace the Original
design of:

= HDPE

= Geotextile

= Protective soil

" Kittila|Goldmine, Finland| (520000 1m2)

T T e e S LU LI L L LA

References: Successful mining projects

v COLETANCHE can be installed in very cold
& hot environments

v" The project was installed reaching
temperatures of —40°C
(Coletanche is thermically stable)

v No delays due to weather restrictions.
Installation of the liner was caried out
through all seasons completing a faster
work compared to other solutions.

.A" ) ; - 2 ‘v

KupollGoldlmine, Russia (226/000.m2))




References: Capping of solid wastes

‘References: Landfills




Collect rainwater to protect the soil and ground water.
COLETANCHE is an easy and fast solution. It avoids the use of concrete and can be left exposed or buried

‘ COLETANGHE m

References: Transportation

Waterproofing of animal passes

COLETANGHE m




References: Transportation

Railroads — Soil stabilization & waterproofing of railway structures

-

BNSF - Crawford, USA TGV Atlantique, France

Stabilization and protection of railway subgrade in case of clay soils, unstable ground or in the presence
of groundwater

—Gﬂlﬂnﬂﬂﬂi’l

References: Transportation

Airport landing runway




Coletanche has been used civil, environmental and mining projects around the world for
more than 40 years. lts main advantages are:

v Strong puncture resistance which allows:
o The use of local material to be used directly on top and under as support
| o Large sized aggregate can be placed directly on top eliminating the need for screening and segregation
o The possibility to run light construction equipment during construction and maintenance

v Installation under extreme conditions including extremely hot/cold environments & high wind zones
v’ High friction angle saving money on earthworks by permitting steeper slopes

v Long life expeftancy compatible with the duration of the work or mine life

v Total absence of wrinkles providing a more secure project with less risk of cracks and leakage

v’ Easy installation and maintenance which can be done by previously trained workforce

”

Thank You




APPROACH OF COLETANCHE IN THAILAND

v SMALL PROJECTS (10.000 — 15.000 m2 )
ECOGMB in stock (Cheaper price than regular product)

v RELINING OF CONCRETE PROJECTS (CANALS/DAMS/PONDS)
Easier installation on concrete structures

v" LANDFILLS & MINING INDUSTRY
Many advantages of BGM (saving layers in the design)
Excellent watertightness (10-14 m/s) and elongation (60%)

v PROJECTS WITH HIGH PRICE GEOSYNTHETICS or DOUBLE LAYER SOLUTIONS

CONCRETE MATRESS / PVC / GCL / EPDM

Send project and we will send our proposal
COLETANCHE

APPROACH OF COLETANCHE IN THAILAND

SMALL PROJECTS WITH ECOGMB

Normally 10.000 - 15.000 m2 in stock
ECOGMB at good price (1,5 - 2,5 €/m2)

COLETANCHE



APPROACH OF COLETANCHE IN THAILAND

PN -

RELINING OF CONCRETE STRUCTURES [allZAN i@\ RRNEI@/\

Concrete ponds (Bali in 2019)
Concrete Canals

» 3 Vertical walls COLETANCHE

APPROACH OF COLETANCHE IN THAILAND

TR RO T P E R AL e

L ok

CAPPING OF LANDFILLS & MINES

COLETANCHE



APPROACH COLETANCHE IN THAILAND

Check the possibility of using BGM in projects designed with
more expensive geosynthetics:
- EPDM/PVC/ Concrete mattress ...

- Or double layer solutions: GCL + HDPE PRSP
COLETANCHE



