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=  Materials
o Materials

= The GM will be made from PE ( Hexene or octane copolymer type) . The GM will be made from
new resin with high quality, for that specific application. Recycled polymers are not allowed.

= The GM will be from new high quality PP or from PE resin (see clause (a) above) for that
specific project.

= The Resin manufacture will confirm all batches with the following properties:

Table 02776-1 values of HBPE resin for GM

property Test method Required value
Base resin specific ASTM D793 or 1505 0.930-0.938

gravity (gr/cmq)

Melting point ASTM D1238 <1.0gr/10 minimum

Manufacture of HDPE must comply with GRI-GM13 standard

= GM sheet will include virgin PE with at list 97%. The rest will be made from the required
material (Carbon black, anti oxidents etc.) the rolls will comply with the following specs. No
fillers to be used

9 Additives or expanded materials (not including carbon black) with maximum weight of 10%.

10 Content of carbon black for UV resistance 2%-3%.

11 Geomembrane surface will have no rutting, texture (only if request), needle holes or bubbles and will be clean
from holes, blisters, raw material not spread or any infection from foreign material. Spark testing during
manufacturing required to determine any pinhole

12 GM rolls will have the following properties:

1.
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Table 02776-2 typical properties for HDPE smooth GM 1.5mm, 2.0 mm

Property Test method HDPE 1.5mm HDPE 2.0 mm
Thickness? ASTM D5199 Lowest individual 1.50 Lowest individual 2.00
Tolerance + 4 % Tolerance + 4 %

Complex Density (gr/cm®) ASTM 1505 0.950 minimum 0.950 minimum
Dimensional stability / shrinkage % ASTM D 1204, 120°C <1 <1
Carbon black dispersion ASTM D5596 See note 3, only cat1 and 2 | See note 3, only cat 1 and 2
Carbon black content ASTM D1603 2-3% 2-3%
Tensile strength Properties* ASTM D6693 IV
Tensile strength at break (N/mm) ASTM D6693 IV 40 (min) 53 (min)
Elongation at break (%) ASTM D6693 IV 700 (min) 700 (min)
Elongation at Yield (%) 12(min) 12 (min)
Strength at Yield N/mm 22,510 30 30to 40
Multi-axial elongation % ASTM D 5617 >25 >25
Stress Cracks Resistance (hr) ASTM 5397 500 (min) 500 (min)
Puncture resistance (N) ASTM D4833 480 (min) 640 (min)
Tear resistance (N) ASTM D1004 190 (min) 250 (min)
Oxidation induction time (min) ASTM D3895 >100 >100
Stability against UV radiation ASTM D 7238
UV-ageing ASTM D 5885 >80 >80
Remaining HP-OIT after 1600 hours
Stability against thermo-degradation ASTM D 5721
Oven ageing at 85°C, 90 days ASTM D 3895 >55 >55
Remaining OIT ( % of the original
value)
Field seam properties®

- Peel tensile strength ASTM D6392 17.2 21.2

L
fusion® (min) 13.7 182
- Peel tensile strength . 6
extrusion® (min) 21.2,FTB 28.2,FTB
- Shear strength (min)
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Notes:
X. HDPE define as high density PE manufactured with complains of GRI-GM13 standard.

2. First value represents the lowest value. Second value represents the MARYV value of the rolls.

3. Dispersion only applies to near spherical agglomerate. 9of 10 views shall be category 1 or 2. No view from
category 3.

7. XMD AND MD should not be mixed- it should be determined if there is orientation in the material, the les it is,
the better is the quality , at least 3 samples in each direction shall be tested , Average value per each direction

7. Federals test method standards.

1. FTB define as failure of one sheets in break, instead of separation of the two sheets in the interface area of the
weld (the failure is before the weld).

o Lining with artificial sheets

Lining method
The lining will be done with HDPE black GM in thickness of 2.0mm minimum and\or as described in
the BOQ.
The lining will be exposed.

The GM will be smooth except specific parts, like downhill path, where textured GM will be installed in

accordance with the details and drawings.

Type of GM
1) The lining will be made of HDPE durable for UV in high density. All the area will be cover with GM

from same type, that manufactured by the same resin
The GM will be uniform, no defects, scratches, bubbles, ruts, cracks, or bumps. The GM will be in the
Maximum available size for production without seams carried in the factory. Minimum width of roll
without welding seam carried in the factory meter.
Width of rolls will be an advantage in order to reduce the number of required seams in the field.
Welding equipment will be fit to GM material and according to manufacture recommend. Field seam will
be done according to atmospheric conditions which described in this document.
During the project, contractor will use GM only from one resource (manufacture).
For extrusion the contractor will use material similar to the GM raw material and documents will be
introduce if will be asked for.

2)  The GM will be black colour, free of holes, bubbles and tears and will include anti oxidation additives.
The gm will be durable for UV, any weather conditions and from all organic materials minerals and
synthetics that might be part of sewerage fluids including detergents, oils and residuals fuels. pH level
6.0-9.0, recycled material will not be allow.

The GM will be in the appropriate thickness and strength. Special care will be carried for ASTM standard
as required in the GRI-GM13 and other standard that refer to exposed GM.
Special care will be carried for:
1. Minimum thickness of 2.0mm although what is written in the GRI-GM13.
2. Density of material.
3. Tensile strength in MD and XMD. The tensile strength should be fit to the slopes, embankments
height and the length and width dimensions of the reservoir.
4. Elongation in MD and XMD and with breaks and elongation under temperature effect.
5. Durability with high and low temperature.
6. Durability for UV.
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7. Abrasion durability.
8. Durability for impact.
9. Durability for puncture (resistance to tear expansion)
10. Durability for water loss or change in material composite under effect of sun exposure and
expected conditions according to ASTM D471 test of 30 days in 122 F degree value lower than

1%.
11. Accelerated erosion test including test for temperature effect UV etc.
12. The contractor should submit all documents for approval in his bid, before the announcement of

the winning contractor.
13. In addition, comply with all properties as written in annex for HDPE properties.

" Test reports for all of the above shall be submitted with the bidding documents.
If testing cannot be performed in the Israel lab, contractor must submit the samples to external labs, and
must report the results. (For example- perform 1 mulita axial test at TRI from delivered products, perform
UV; NCTL and Oven ageing test per 100.000 m2. Only if tests will be executed which determine the long
term performance of products it will be assured that inferior quality is not acceptable. Just with tensile,
tear and puncture everything can be delivered. It needs to be clear that material will be rejected.
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YTYOIN YT NPOW 9D DN ,DMVY NTIAY Y20V DD, 010N ,NTIAY MLOW DIDAY YN NPONN MININ ToNNa
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MPONPON MYIN HNIN

PONNY NHAN ,NPIN ,NDO NN .1

NN 8D RN MYITN NS NPIDIN PIND ¥ MYPN NN 23991 1NN NIINM 19YN MTIY D) DY
D191 MNIY T NNTY YW NN PION .I9Y MTIAY SV 1IN NN TPINN YPI DY 1NV M DN
.12 PINNIN MY WINN NDXI9N TPINN 9PN P ,NTYL WY NYN VI MRV MYPN P2
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, 922 19700 7P DYD) DD .NINDNA NPYI9DY NPRYNA NDINY MNINNND ,N1PDT) MPDIND IPOD> MWD
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IN DXTN DMINY U PRI AV OXPTIND DIPON MRNDN NOY NI RTND 122PN DY MY 1N NDMI )0
Y NPNY NOVYN DY 12 7T NN NTIAYN NLY NOIXI NPPID YXID ¥ . MYPY P ININY DXV
MY MPNN NYA DIVINY TP 12YND TIN Y9 RY Y8NNY T PTIND)

NDY 91N PON NLYN HAPTOY T 20N PTINY NOLWN NDAPD TY PTINN TN 29D 20V ,PINY YNNN
SPYN 2 2.0 YW O3RN AN PON IN DY YIAIN 7Y YN PITNN .OMNIN IN DIPTO ,DOPY Mol
YD PNN NYXADN NTIAYA NN .NNN DY NP 170D )P 9-1 MNS XD 7PN XIN DNIYA YIAINN NN
NN NPONN Y IVIND D7D YD) 1DAPN PN YN NMPN DI TYNI .WAIND AN NPNNN

NITY2 YUY NV INLYNI MPP TD O PITN .MDTITH YWIAIN NIIYA NLYIA PITN MY YNID PN
V9N PITN NI PYDY DXNNA YYD NMINTITHN THPNYN PITN MPITL NN XND ODYNN DX TN
22 RN DI DY 99y MTIAYY »)O0VN

DYMINN NPV (DN NIPN) NPYN NOYN DX YPIPN M9 NN TR TITND 2PN DY ,NY1I19N VI 15
2 LTNND DRNNA NNRDN NP2 PTINND MDD I NN 7Y INIAYN DY 22PN 7Y NPIN DNIINNDN
TYOIN INRD P DNN NN NTIAY ,NMIDIND DIXNND NYIIAD 121N NVYN 2D NTIAYN Y212 18D 1PIAPN
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,NPANM DY NPTYYA NVONN Y92 (7NTTIV7) 979D YPAN T19Y2 DIDIDN NYIIAY DI TYPHN NLWN NI DX )
YWNNN IN DD DY NIDON NN PPIAPN P2INS TD DWO NN 195 mvw 3-4 ypapn NN 19apn VY
LDTINNDN Y YIVIN DINNRD VAN OYSNIN IN DDIND ,NIDINN .DIINNND DD N9
.DYVUN D PPN DAPY KD DO PITNM NAVINN NIY
.99y MITIAYY 2OVN VIV DIRNND PYDA VNI PNITIVYN NN PPN PYD ,INNI NPT NVINN 29D
DMYN MITIAYN DY DTN NN 5552 NPNNI YN NIDN INAY NIDIN DI YUIAPY BIVWN N
DY 9TV NNVIAN TIN,NDYI9N NN X9 HY NNRNXN NMINITNI OYPIP DY NIDIONN NPLNYDN MY
TN NNVINIL MNPV 7YWINY INNI NVYN MY NNPNNN IYIND T AN TNNRD MNaY 5% pa
YN NYN ODIY MDD MY 1PN NV VIN .NDDIDN WURID DIYNN MINA M9D YUY MY NdY
NN NYYNN OO0 P7AY MITN ,INNN P11 D2 (DIVIND PP 7Y YT MDD NN NN
NP NN PID TDPOYN NPONWI 1D DIVNY , DOV, DNAND 7P
"7 070 15 921y2 mMa5va VI9NN XA PTINDI DNIANND PP YPIPA NOYNN XIWIN MY NNIN INNRD
VPPN MNTPIND IPIAN MYYA YXIT> MIYPN NOYY
YYD 099N 7Y DIVIRN MY’ 79T MIVIN) T2 DIIN (ANI2) NPINN MY ITHIVY NMIMIPNI
MY NP NYIND IO NAOY
VI NPIN ,MIDNN MY YINT NPNIN >79Y T192 TINGI2 Y81 NPVLNOON MY*PN P2 NN
NPT .PINNN NN YXID MMIITVOPRI MY 2N .1IVINNVLI NDNN NVXY ,DXIINN ,DTPIIN
V92 MPYTAN MDY .122APN N7Y TPHN NXNN DINN WNDYW O NNNN 100%-2 22NN MNOPON
79921 Y2y DY XD NN Y PNHNI

1Y MPra .3

DYNXN .QINT IDIND NPANRN MY 19PN 7Y WX YT TIN NP PMITNIPTD HHIN I XX KOY 0¥ININ D

NP O7Y DINNN DI NN PAPN PITD IO ONA NPT DY NITYOIN INYITT 290 WTNND WD DN INYDY

.WI9N NMPN DI TWNI DIRNNN NWINMN D NN INNA PIINNY 22N YIAPN (TINPNA N2N) PIX XND

M2 NVLYA DXRNNN TN 1PN KD OX NTIAY TYHIN IMN XD .NDYIN MYWN MYV 48 TIN wy» mMprT1an 5

WIND PNRD NNIND YO P PNRD NININDY XNON NN INRD .PSI 28 ¥ND NWYN NN XN NPYTA NP> TIN TN

.10% : MMM MAINN XNON N . PNND XN W PTI» MNSY MPT 5 INKD .1PNIA0N NNVINVD

PIVOPNRI NN TYPHIN AONN TN DI NN NN TN VAP NP YIT DN MNIN NPT DYD

NP2 PYIN INN PAPN PPIN DNDNN NP X PYWINY GONA .V-20,0000 NNNI NYYN MXININ NPT

251 NN MNAD YXIAN NYIP NPT .NPANN NMIN 29D 12PN NIAYN DY) M7y DY PINY PYINN .NIWIP

MINIAN DIV PONNN Y WWINOY THPH DAV YN MPI1TIN DI . MY >NY

AP2PN NIV Y NPONN DY NTYOIN INWITT 290 WINN YD DINDNT INDY DIXNIN

NN YIPN 5Y NRPNN NYIP NPT DD ,NNSY NI MNT DIPIN PLIVNY DIMLN NN OINNN DY

LDINNND ORIV MY MAVN D 10PN 7Y TN )PINY NTIAYN TONN N2INY DI9 IN 1IN DI NN XD NP2
DYIVN NI .DX9N INX NN NP DX YNID DIPNA,NYIN D3 NX PONND DN VNN MTYOIN MO NPIND
.DIVIRN MTIAYD ONWN DTN NN D53 DPNNI,D7IN VINDN DI NIAY KINY ND DN NADIN U PaApd
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TN MDYH DN MPIODN NOYNN NITNY NN 1IN DY XTND 19291 NPINNL PN NYYN NN »ND
NOYN NAYY PNHNOMY NTINDY NOYNN OXNN NN PIDD DIVIND PP DY .N1PIN NINNIND NNDHY NYINY Ny
NOYNN DN OIPD NN 1PAPN MY PN TNSN DTN .NMIDIN PINHDN DI NI NNNDD NN NINPYN
AN2VN DY NPT NONIN 7oy NVIVA

DTTNRY NP NYIR 2P DIV NIYN NHYN NN DN KD YUIAPN

TY NOYNN PP DY NNY PPN NPT NIPY DIPN 1DIAPN MY IPIID NOYNN TINN 19N DNIN
MY’ 7 NPVIND YT, TNNN NI DIN NNIN,ONAX PIPID NI ,MYITT MW MYNIAN .1PNDN NNDIND
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MP>72 NN — OXIIIN NNAY NIPA °
VP90 NYITI MPITA NN 2780

(OPI) NMVOPL NP>T2) (Smooth) MPHN NP>Ta .
properties Test Test Value Testing Frequency
Method 2.00 m"m (Minimum)
Thickness — mils (min. Ave.) D 5199 Nom. (mil) Per roll
* Lowest individual of 10 values -0+4% From manufacturer
Density (min) D1505/D 792 0.950 g/cc 10,000 kg
Tensile Properties (1) (min. Ave.) D 6693 9,000 kg
* Yield strength  (N/mm) Type IV 30to0 40
* Break strength (N/mm) 53 (min)
* Yield elongation 12% min
* Break elongation 700%
Tear Resistance (min.) D 1004 250 N 20,000 kg
Puncture Resistance (min.) D 4833 640 N 20,000 kg
Stress crack Resistance (2) D 5397 500 hr Per GRI GM - 10
At list 4
Carbon Black Content - % D1603 (3) 2.0-3.0% 9,000 kg
Carbon black Dispersion D 5596 Note (4) 20,000 kg
Oxidative Induction Time (OIT) (min.) (5) 90,000 kg
(a) Standart OIT D 3895 >100
- and-
(b) High Pressure OIT D 5885 400 min
Oven aging at 85 °C (5), (6) D 5721
(a) Standart OIT (min. Ave.) - % retained after 90 days D 3895 55% Per each
-or- formulation
(b) High pressure OIT /9min. Ave.) - % retained after 90 days D 5885 80%
UV Resistance (7)
(a) Standart OIT (min. Ave.) D 3895 N.R. (8) Per each
-or- D 5885 50% formulation
(b) High Pressure OIT (min. Ave.) - % retained after 1600 hrs
9)

(1) Machine direction (MD) and cross machine direction (XMD) average values should be on the basis of 5 test
specimens each direction

yield elongation is calculated using a gage length of 33 mm

Break elongation is calculated using a gage length of 50 mm
(2) the yield stress used to calculate the applied load for the SP-NCTL test should be the manufacturer's mean value via
MQC testing
(3) other methods such as D 4218 (muffle furnace) or microwave are acceptable if an appropriate correlation to D 1603
(tube furnace) can be established .
(4) carbon black dispersion (only near spherical agglomerates) for 10 different views:

9 in categories 1 or 2 and 1 in category 3
(5) the manufacturer has the option to select either one of the OIT methods listed to evaluate the antioxidant content in the
geomembrane
(6) it is also recommended to evaluate sampled at 30 and 60 days to compare with the 90 days response.
(7) the condition of the test should be 20 hr. UV cycle at 75 °C followed by 4 hr. condensation at 60 °C.
(8) Not recommended since the high temperature of the Std-OIT test product an unrealistic result for some of the
antioxidants in the UV exposed samples.
(9) UV resistance is based on percent retained value regardless of the original HP-OIT value.
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229010 DN PRI YAPNY 12 NYRIN YTIND TONN2 YN DNND DY IMNION NTND NYAIPN NiPYTIN
D071 79 OOAN NTTNY MNAD DM 5 TWNY MINNN DX DIIAWN NN NPOAN 7Y YXIAN NPITIN
(M003/07R) HINSNN MY 1=(h-0.8e):d  : YIPDTI 2WIN> HINDNHN NV

DN N00N-d  , AP TINPY MIRNN-e  , AN DN NP IURD

AN YNNI OMIN TY TYUND NNN/NI7I 2.0 DY MDY RD TTHMY INTNN NYY DX DIVNI AWN? DNRNDN
22990 PN 95% NINSY NXIN

PTAN M DY WRIND DI 7 N5 NYTIN DA Yapn

mp’a °
AN N2 IN DTN - INNA NP 7Y INDN DTN
NPINM DX 29-DY ,1PAOV DI DY NTIAYN DY NTIP MINA NIV NPINN
AN DIV NLYY XINY MY D03 DD PITI NP
179 OX P2 DXINN 09X N TN YN 1IN, DOIP , 07NN NMINNNN APY DY 210D IRYA M NP
NPONY TY MY MNOHYH SXINKD 190 OTIP IN NTIAYN YIND NYI NOLYA WY DN 1) NN Tona
.DYDINRN YNIN YAPN XN NTIAYN
PN XY 192P9Y N2 YINOWN NN DIDAD LIV IN NI IVIMY DI INNI JPND JN) DN YIRS INNI NPONN
.NADN NN RO 1M2AVN DY NNNON DY NN DAPN PONd YT 19D .Yy MDY D
NPONT NWIIT I7AY WTNND WD DN ININD TUN DINDN
NI D95 NN YT PPN .)IONNN Y T-DY IWIRM NPONT MY YAPINY DLV WYX MNNDNY MPrYTan
N2YN NYYN DY DM9N MW NHPNYN DIDINY NPT GTIIN .NVIVW IR NOLYI MP>TAN NN YN 1NONND
(191 MIN XN IN ASPRK TEST nvowa) ooyl
: MYITD NMITTHN NMIDNN MIN INND DININ DXAYYN VIND NINND YA IYN NPONN
W90 YN NION -
Y NOYN NN -
MY N9 -
.DMMNN NPT -
.D”2NY NN -
NPT MYIN XOD NTIAYN OYOPN TN 932 573N DXAOWNN TN D52 >NNNY PN

NN MDOYIN .
SY9> DIVINM P3P INNI MINND MITIAYN VIN TYNNY DX2PN WD N VI NNDNI DIVIRN MTIY
NN DMV DINN DNVAPD YD NOW IDINI NPOIN DY DMV NTIAYN Y20V 1200 OINN TIN
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Tests Unit Standards
Mechanical properties — Mean values.
Tensile strength — wide width test MD/CD KN/m ASTM D 4595-86 15.0
Eongation — wide width test MD/CD % DIN — EN 29073 70
Tensile strength — grab test Elongation — MD/CD N DIN 53858 1100
grab test MD/CD % ASTM — D4632-86 | 75
Tensile strength elongation MD/CD KN/m DIM 53857 15.0
MD/CD % 70
Tensile strength deformation MD/CD KN/m NF-G 38014 18.0
MD/CD % 40
Test resistance, trapezoidal MD/CD N ASTM — D4533-85 | 500
Test resistance, trapezoidal MD/CD N NF-G 38015 1000
CBR (mean value) N DIM 54307 2800
CBR (mean value — standard deviation) N ISO 12236 2500
Mullen burst 30 mm. KPa ASTM - D 3786 2500
Hydraulic properties — mean values
Tests Unit Standards
Permeability covefficienrs vertical at:2kpa 10-3*m/s 4.0
20 kpa 10-3*m/s 2.0
200 kpa 10-3*m/s 0.6
horizontal at: akpa 10-3*m/s UH 7.6
20 kpa 10-3*m/s 3.0
200 kpa 10-3*m/s 0.7
Permeability 10 cm constant
Head 2kpa IIM2*S Calculated 129
Permitivity MD/CD 5-1 NF - G — 38016 2.0
Trancemisvity at 50 kpa 10-7*m2/s NF - G 38018 35
Transemisivity at 200 kpa 10-7*m2/s NF — G 38018 5.0
Water flow (I=1)at 100 kpa I/m hour Calculated 15.0
Opening size 0 90 W MM UH 0.08
AOS 090 MM ASTM-D 4751-87 70-120
Opening size M NF — G 38017 90
Product dimensions
Weight per m2 G/m2 ISO 9864 800
Thickness at 2 kpa mm DIN 53855 3.1
20 kpa mm 2.2
200 kpa mm 1.3
DN AN m 5.0
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