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To provide data on the existing and proposed geosynthetic liner system materials for Landfill 8-18. 

Given: 
Existing 8-18 Liner Systems: 
The existing (Phases I and II) 8-18 base and sideslope liner systems contain the following 
geosynthetic components: 

• 60-mil textured high-density polyethylene (HOPE) geomembrane; 
• 80-mil smooth HOPE geomembrane; 
• 8-ounce/square yard (ozlsy) nonwoven geotextile; 
• 16-ozlsy nonwoven geotextile; and 
• 200-mil geonet. 

Product data sheets for the above-listed existing geosynthetic components of the 8-18 liner systems 
were provided by ESI (1990). Copies of these product data sheets are provided in Attachment #1. 

Proposed 8-18 Liner Systems: 
The proposed 8-18 expansion area sideslope liner system contains the following geosynthetic 
components: 

• 60-mil textured HOPE geomembrane; 
• 16-ozlsy nonwoven geotextile; and 
• geocomposite. 

The proposed 8-18 final closure cover system contains the following geosynthetic components: 
• 40-mil textured HOPE geomembrane; and 
• 12-oz/sy nonwoven geotextile. 

Product data sheets that contain typical specified properties for the above-listed proposed 
geosynthetic components of the 8-18 sides lope liner and cover systems are provided in Attachment 
#2. The data sheets provided in Attachment #2 were obtained from the Agru America, GSE Lining 
Technology, Inc. (GSE), Polyflex and Scaps. Inclusion of these data sheets does not imply that 
these materials will be used exclusively for the proposed 8-18 expansion and/or final closure. 
However, the actual geosynthetics used for the 8-18 expansion and final closure are anticipated to 
have properties that are very similar to or the same as those given in Attachment #2. Attachment #3 
provides EPA 9090 test results for products similar to the proposed liner materials. Results of the 
testing, similar to previous site specific testing, indicate the products are compatible with leachate. 
No additional EPA 9090 testing is proposed. 

Reference: 
Environmental Solutions, Inc. (ESI) , "Engineering and Oesign Report, Landfill Unit 8-18, Phases I 
and II and Final Closure, Kettleman Hills Facility, Kings County, California ," August 1990. 
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NATIONAL SEAL COMPANY 

SUGGESTED THICKNESS SPECIFICATIONS 

Thickness shall be measured in accordance with ASTM D 1593, 
paragraph 9.1.3 and ASTM D 751. The minimum average roll thickness 
shall be as specified with no individual thickness measurement on 
the sheet falling more than 5% below the specified value. 

MINIMUM MINIMUM 
AVERAGE THICKNESS 

SPECIFIED THICKNESS ROLL VALUE ALLOWED 

40 mil 40 mil 38 mil 

60 mil 60 mil 57 mil 

80 mil 80 mil 76 mil 

100 mil 100 mil 95 mil 

04/89 
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NATIONAL SEAL COMPANY 
ROLLSTOCK SPECIFICATIONS 

RESIN SPECIFICATION: 

NSC 

NSC will use Union Carbide or Sol tex resin or the 
equivalent. 

Each lot of resin will be analyzed by National Seal 
Company's Laboratory as follows: 

SPECIFICATION 
Density 
Carbon Black content 
Melt Flow Index 
Moisture Content 

TEST METHOD 
ASTM D 1505 
ASTM D 1603 
ASTM D 1238 

II. SHEET SPECIFICATION: 

Gauge 
Width 
Carbon Black 
Appearance 

±5% 
15' Nominal 
2'% to 3% 
smooth surface, minimal haze. 

III. QUALITY ASSURANCE and TESTING: 

1. Sheet appearance will be monitored continuously by 
production personnel and at least once per hour by a 
member of our Laboratory. 

2. Sheet thickness will be continuously monitored by 
automatic gauging equipment located on the extruder. 

3 . Production will hold sheet thickness to withi n ±3 % 
whenever possible. ±5% is our advertised tolerance. 

4. National Seal Company's Laboratory will perform the 
following tests every 10,000 pounds of material produced: 

SPECIFICATION 
Tensile Properties 
Carbon Black Dispersion 
Thickness 
Dimensional Stability 

TEST METHOD 
ASTM D 638 
ASTM D 3015 
ASTM D 1593 
ASTM D 1204 

See National Seal Company's Quality Control Manual for full listing 
of the tests which our Laboratory can perform. Please contact your 
sales representative for a pricing. 
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HIGH DENSITY POL YETHYLENE [A][Q)[P)~~40 ~~l 

PHYSICAL PROPERTIES 
ALL PROPERTIES MEET OR EXCEED NSF STANDARD 54 SPECIFICATIONS FOR HOPE 

PROPERTY UNITS TEST METHOD VALUE 

GAUGE OF MATERIAL MILS ASTM D 1593 40 (± 5%) 

SPECIFIC GRAVITY, MINIMUM ASTM D 792 A 0.94 

MINIMUM TENSILE PROPERTIES ASTM D 638 

TENSILE STRENGTH AT YIELD PSI 2200 

TENSILE STRENGTH AT BREAK PSI 3800 

ELONGATION AT YIELD % 13 

ELONGATION AT BREAK % 600 

MODULUS OF ELASTICITY PSI 80,000 

TEAR RESISTANCE, MINIMUM PPI ASTM D 1004 700 

LOW TEMP. BRITTLENESS DEG C. ASTM D 746 B _75 0 C. 

SOIL BURIAL RESISTANCE MAX. CHANGE % ASTM D 3083' 
TENSILE STRENGTH AT YIELD 10 

TENSILE STRENGTH AT BREAK 10 

ELONGATION AT YIELD 10 

ELONGATION AT BREAK 10 

MODULUS OF ELASTICITY 10 

ENVIRONMENTAL STRESS CRACK RES. HRS. ASTM D 1693' 1500 

CARBON BLACK CONTENT % ASTM D 1603 2-3 

CARBON BLACK DISPERSION RATING ASTM D 3015 A-2 

MELT INDEX, CONDITION E, MAXIMUM g/10m ASTM D 1238 1.0 

PUNCTURE RESISTANCE LBS FTMS 101, 2065 60 

WATE.R VAPOR TRANSMISSION g/M2 hr. ASTM E 96 0.008 

HYDROSTATIC RESISTANCE PSI ASTM D 751 A 300 

NATIONAL SEAL SEAMING PROPERTIES 
BONDED SEAM STRENGTH, MINIMUM PPI 

SEAM PEEL ADHESION, MINIMUM PPI 

SOIL BURIAL RESISTANCE 

BONDED SEAM STRENGTH, MAX. CHANGE % 

SEAM PEEL ADHESION 

1. AS MODIFIED IN NSF STANDARD NUMBER 54. 

2. FILM TEARING BOND. 

[MJ.~~ NATIONAL SEAL COMPANY 

ASTM D 3083' 80 & FTB' 

ASTM 0 413' 60 & FTB' 

ASTM D 3083' 

-10 

FTB' 

1255 MONMOU'I'H BLVD .. 
GALESBURG, Il 61401 
800/323<3820 
309/~'18 
309i343.1536 FAX 

! 
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HIGH DENSITY POLYETHYLENE 

PHYSICAL PROPERTIES 
ALL PROPERTIES MEET OR EXCEED NSF STANDARD $4 SPECIFICATIONS FOR HOPE 

PROPERTY 

GAUGE OF MATERIAL 

SPECIFIC GRAVITY, MINIMUM 

MINIMUM TENSILE PROPERTIES 

TENSILE STRENGTH AT YIELD 

TENSILE STRENGTH AT BREAK 

ELONGATION AT YIELD 

ELONGATION AT BREAK 

MODULUS OF ELASTICITY 

TEAR RESISTANCE. MINIMUM 

LOW TEMP. BRITILENESS 

SOIL BURIAL RESISTANCE MAX. CHANGE 

TENSILE STRENGTH AT YIELD 

TENSILE STRENGTH AT BREAK 

ELONGATION AT YIELD 

iOLONGATION AT BREAK 

MODULUS OF ELASTICITY 

ENVIRONMENTAL STRESS CRACK RES. 

CARBON BLACK CONTENT 

CARBON BLACK DISPERSION 

MELT INDEX, CONDITION E, MAXIMUM 

PUNCTURE RESISTANCE 

WATER. VAPOR TRANSMISSION 

HYDROSTATIC RESISTANCE 

UNITS 

MILS 

PSI 

PSI 
% 

% 

PSI 

PPI 

OEG C. 

% 

HRS. 

% 

RATING 

g/10m 

LBS 

91M2 hr. 

PSI 

TEST METHOD 

ASTM 0 1593 

ASTM 0792 A 

ASTM 0 638 

ASTM 0 1004 

ASTM 0746 B 

ASTM 0 3083' 

ASTM 0 1693' 

ASTM 0 1603 

ASTM 0 3015 

ASTM 0 1238 

FTMS 101, 2065 

ASTM E 96 

ASTM 0 751 A 

VALUE 

60 (± 5%) 

0.94 

2200 

3800 

13 

600 

80.000 

700 

_75 0 C. 

10 

10 

10 

10 

10 

1500 

2-3 

A-2 

1.0 

90 

0.005 

450 

NATIONAL SEAL SEAMING PROPERTIES 
BONDED SEAM STRENGTH, MINIMUM 

SEAM PEEL ADHESION, MINIMUM 

SOIL BURIAL RESISTANCE 

BONDED SEAM STRENGTH. MAX. CHANGE 

SEAM PEEL ADHESION 

1. AS MODIFIED IN NSF STANDARD NUMBER 54. 

2. FILM TEARING BOND. 

PPI 

PPI 

% 

[NJ~~NATIONAL SEAL COMPANY 

ASTM 0 3083' 

ASTM 0 413' 

ASTM 0 3083' 

120 & FTB' 

90 & FTB' 

-10 

FTB' 

1255 MONMOUTH BLVD .. 
GALESBt)RG. IL 61401 

~:~~~g 
309/343-1536 FAX 



HIGH DENSITY POLYETHYLENE 

PHYSICAL PROPERTIES 
ALL PROPERTIES MEET OR EXCEED NSF STANDARD 54 SPECIFICATIONS FOR HOPE 

PROPERTY 

GA(JGE OF MATERIAL 

SPECIFIC GRAVITY, MINIMUM 

MINIMUM TENSILE PROPERTIES 

TENSILE STRENGTH AT YIELD 

TENSILE STRENGTH AT BREAK 

ELONGATION AT YIELD 

ELONGATION AT BREAK 

MODULUS OF ELASTICITY 

TEAR RESISTANCE, MINIMUM 

LOW TEMP. BRITTLENESS 

SOIL BURIAL RESISTANCE MAX. CHANGE 

TENSILE STRENGTH AT YIELD 

-tENSILE STRENGTH AT BREAK 

i::LONGATION AT YIELD 

ELONGATION AT BREAK 

MODULUS OF ELASTICITY 

ENVIRONMENTAL STRESS CRACK RES. 

CAREON BLACK CONTENT 

CARBON BLACK DISPERSION 

MELT INDEX, CONDITION E, MAXIMUM 

PUNCTURE RESISTANCE 

WATER VAPOR TRANSMISSION 

HYDROSTATIC RESISTANCE 

UNITS TEST METHOD 

MILS ASTM D 1593 

ASTM D 792 A 

ASTM D 638 

PSI 

PSI 

% 

% 

PSI 

PPI ASTM D 1004 

DEG C. ASTM D 746 B 

oro ,~STM D 3083' 

HRS. ASTM D 1693' 

%) .'\STM D 1603 

RATING ASTM D 3015 

g/10m ASTM D 1238 

LBS FTMS 101 , 2065 

g/M2 he. ASTM E 96 

PSI ASTM D 751 A 

NATIONAL SEAL SEAMING PROPERTIES 
BONDED SEAM STRENGTH, MINIMUM PPI ASTM D 3083' 

SEAM PEEL ADHESION, MINIMUM PPI ASTM D 413' 

SOIL BURIAL RESISTANCE ASTM D 3083' 

BONDED SEAM STRENGTH, MAX. CHANGE Ofo 

SEAM PEEL ADHESION 

1. AS MODIFIED IN NSF STANDARD NUMBER 54. 

VALUE 

80 (± 5%) 

0.94 

2200 

3800 

13 

600 

80,000 

700 

-75 0 C. 

iO 

10 

10 

10 

10 

1500 

2-3 

A-2 

1.0 

110 

J.004 

600 

160 & FTB2 

120 & FTB2 

-10 

FTB2 

/""\ 2. FILM TEARING BOND. 
. ) 

[Nl~~ NATIONAL S~AL COMPANY 
1255 MONMOl)TH. BLVD .. 
GALESBl)RG, IL 61401 
6001323-3820 
30913<\3'3418 
309/343-1536 FAX 



HIGH DENSITY POLYETHYLENE if=(] [Q) [pJ ~ c::l 100 [J¥1J ~ l 
PHYSICAL PROPERTIES 

ALL PROPERTIES MEET OR EXCEED NSF STANDARD 54 SPECIFICATIONS FOR HOPE 

PROPERTY 

GAUGE OF MATERIAL 

SPECIFIC GRAVITY, MINIMUM 

MINIMUM TENSILE PROPERTIES 

TENSILE STRENGTH AT YIELD 

TENSILE STRENGTH AT BREAK 

ELONGATION AT YIELD 

ELONGATION AT BREAK 

MODULUS OF ELASTICITY 

TEAR RESISTANCE, MINIMUM 

LOW TEMP. BRITTLENESS 

SOIL BURIAL RESISTANCE MAX. CHANGE 

TENSILE STRENGTH AT YIELD 

TENSILE STRENGTH AT BREAK 

ELONGATION AT YIELD 

ELONGATION AT BREAK 

MODULUS OF ELASTICITY 

ENVIRONMENTAL STRESS CRACK RES. 

CARBON BLACK CONTENT 

CARBON BLACK DISPERSION 

MELT INDEX, CONDITION E, MAXIMUM 

PUNCTURE RESISTANCE 

WATER VAPOR TRANSMISSION 

HYDROSTATIC RESISTANCE 

UNITS 

MILS 

PSI 

PSI 

% 

% 

PSI 

PPI 

DEG C. 

% 

HRS. 

0/0 

RATING 

g/10m 

LBS 

glM2 hr. 

PSI 

TEST METHOD 

ASTM 0 1593 

ASTM 0 792 A 

ASTM 0638 

ASTM 0 1004 

ASTM 0 746 B 

ASTM 0 3083' 

ASTM 0 1693' 

ASTM 0 1603 

ASTM 0 3015 

ASTM 0 1238 

FTMS 101, 2065 

ASTM E 96 

ASTM 0751 A 

VALUE 

100 (± 5%) 

0.94 

2200 

3800 

13 

600 

80,000 

700 

_75 0 C. 

10 

10 

10 

10 

10 

1500 

2-3 

A-2 

1.0 

130 

0.003 

750 

NATIONAL SEAL SEAMING PROPERTIES 
BONDED SEAM STRENGTH, MINIMUM 

SEAM PEEL ADHESION, MINIMUM 

SOIL BURIAL RESISTANCE 

BONDED SEAM STRENGTH, MAX. CHANGE 

SEAM PEEL ADHESION 

1. AS MODIFIED IN NSF STANDARD NUMBER 54. 

2. FILM TEARING BOND. 

PPI 

PPI 

% 

[N]~~ NATIONAL SEAL COMPANY 

ASTM 03083' 

ASTM 0 413' 

ASTM 03083' 

200 & FTB2 

150 & FTB2 

-10 

FTB2 

1255 MONMOUTH BLVD .. 
GALESBURG, Il 61401 
8001323-3820 
309/343-3418 
309/343-1536 FAX 



Trevira®Spunbonds are· highly needled nonwoven 
engineering fabrics with excellent tensile properties, 
high filtration potential and outstanding permeability . . 

Trevira' Spunbond Type 11 products are 
100% continuous filament polyester nonwoven 
needle punched engineering fabrics. They 
deliver a combination of advantages un
matched by any other spun bonded geo
textiles. They're resistant to freeze-thaw, soil 
chemicals and ultraviolet light exposure. 

Trevira· Spunbonds are excellent where the 
requirement is (1) tensile reinforcement, (2) pla
nar flow, (3) filtration, arid (4) separation. For 
example, in roadways, railbeds, drainage sys
tems, pondliners, retaining walls. And much 
more. Trevira" Spunbonds are extraordinary 
engineering fabrics. 

TYPICAL PHYSICAL PROPERTIES OF TREVIRAo TYPE 11 PRODUCTS 
Fabric Property Unit Test Method 1112 Ill' 1120 1125 1135 ".5 1155 

Fabric Weight oz/yd2 ASTM 0-3176 3.6 '.2 6.0 7.4 10.5 13.5 16.2 

Thickness, t mils ASTM ·O·lm 60 65 90 110 150 175 210 

'Grab 51rength (I,10/CO),j lb. ASTM 0-4632 110/90 1351110 2051175 270/225 3901330 500/425 625/560 

Grab ElonQation (MO/eO) % ASTM 0-4632 70185 70/M 75185 75/85 75185 90/95 90/95 

Trapezoid Tear Strength (MD/CD) lb. ASTM 0-4533 50140 60/50 80!?,5 105/95 1351120 1751170 2051200 

Puncture Resistance lb. ASTM D-3787 50 60 90 115 155 175 240 
(5/,,- hemispherical tip) 

Mullen Burst Strength psi ASTM 0·3786 180 210 315 390 550 625 840 

Water Flow Rate (5 em. hd.l QPmlff' ASTM 0-4491 200 200 170 ISO 110 90 . 70 

Permittivity, \II sec- 1 ASTM 0-4491 2.72 2.72 2,31 1.17 1.50 1.22 0.95 

Penneabilityj k cmfsec K ... '-I't 0.4t OA5 0,53 0.49 0.57 0.54 0.51 

AOS Sieve Size ASTM 0-4751 70-100 70-100 70-100 70·120 70-120 1~'40 100-170 
mm .2 '0-.1 49 .210-.149 .210-.'49 .210-.125 .210-.1 25 .149-.105 .'49,.088 

Standard Roll Widths 21 ft 12.5 and 15.0 
Standard Roll Lengthn ft 400 I 400 300 I 300 I 300 I 300 I 300 

11 MO _ Machll'le Ol t&Ctior!. CD ... Cross MachlOe Direction. 2l Other widlh and length rolls are available upon request. 

MINIMUM AVERAGE ROLL VALUES (WEAKEST PRINCIPAL DIRECTION) 
OF TREVIRAo TYPE 11 PRODUCTS 

Fabric Property Unit Test Method 1,,2 1114 

Fabric Weight ozJyd2 ASTM 0·3176 3.4 4 .0 

ThiCkness" t mils ASTM 0·1777 50 55 

Grab Strength Ibs ASTM D-4632 80 100 

Grab Elongation % ASTM 0-4632 60 60 

Trapezoid Tear Str,ength lb. ASTM 0-4533 30 40 

Puncture Resi'stance 
(slt,- hemispherlcal 'lip) 

lb. A8TM 0·3787 35 45 

Mullen .Burst Sii'en'gth psi ASTM 0.J786 160 190 

Water Flow Ratell (5 em. hd.) gprtJ/ft2 ASTM 0-4491 170 170 
Permittivi!y_tV 31 sec-' ASTM 0-4491 2.31 2.31 

PermeabilitY, k1) emlsec K ='i't 0.29 0.32 
AOSlJ Sieve Sila ASTM D-4751 70 70 

mm .210 .210 .. ... 3J AOS minimum average roll value IS a measure 01 the largest opening SIze In the labrie . 

The ,nT()(MaI.on cQl'llaln.e\l he/eon 15 ofletelflfe>e Of cjla'ge, "1O IS , 10 our DeS1 
"'now,*~ •. true alld, .. cculale;bo .... evet-all ~~Off'.menQa!lOt:ls Of SV0ge$ltOns,a,. 
made WlthOu! Quaf¥ilee. _'inCe .lhe~!ltOflS cllI$e,re be.,.ond OUI contlOl Thell!'l 
1")0 elPltSSea .... alFarny arid no,lillplied.warranty of tne1Chaniabtll1Y (){ oI111neuloi 
PUlpost Of1he PfodUcf O' PlodUCfSdeSCllbe,d,tweltl . ,In $UbtTI,Ulftg I~S :'f"!tolmat~ . no 
~ao<rlty IS a$Sume~ or,lIeense'C>rOlhe' ngt)ts!mpl~ Qlven With leS'peCl" O' any ,~II;'sung 
~ petldlng palenl .. palenlapPhcaHOOSOClr.ademarli,S The:observance 01 all legal 
regOlllllOl"lS and pafet:llS IS II"Ie reSpoIlSlbdlly Of 1M user. 

112.0 

5.7 

80 

155 

65 

60 
75 

285 

140 

1.90 

0.39 

70 
.210 

1125 1135 IUS 1155 
7. , 10.0 13.0 16.0 

100 135 ,GO 200 

200 290 375 500 

60 65 65 65 
75 100 140 170 

95 130 '55 200 

360 500 575 765 

100 80 60 40 

1.36 1.09 0,82 0,54 

0.35 0.37 0.33 0.27 

70 70 100 100 
.210 .210 .149 .149 

HOl1chst Celanese Corporation 
Spunbond Business Group 
P.O. Box 5887 
Spartanburg, SC 29304·5887 U.S.A. 
1 (800) 845·7597 
1 (803) 579' 547.9 
T~lex: 91024.04053 

HoechstrB Rev.8li 



~ TREVIRA® Spunbond Engineering Fabric 
. ,j Geotextile Selection Guide 

INTRODUCTION 

Designers, owners, and contrac
tors are now forced to choose 
from a multitude of geosynthetic 
products. The December 1987 
Issue of "Geotechnical Fabrics 
Report'" listed 26 manufacturers 
or suppliers of geotextiles, and 
each supplier had several dif
ferent products listed. When 
geonets, geogrids, and geocom· 
pGsites are included, the list 
becomes very lengthy. 

This brochure will only 
discuss geotextiles and will pro
vide data to assist the specifier 
or user In selecting the proper 
fabrlc(S) for their application. 
Most data will be presented in a 
g~neriQ format; however, 
TREVIRA® Spun bond will be 
used to illustrate some of the 
presentation. 

Polyester or Polypropylene? 

Almost aI/ geotextiles available 
in the United States are 
manufactured !tom either 
polyester or polypropylene. Both 
polymers ·are synthetic "man· 
made" materials, but they 
display significantly different 
physical properties. Table 1 lists 
imPortant characteristiCs for 
both polymers expressed as ac
tual test results or as "excellent, 
good, fair, and poor". 

AS Table 1 illustrates, poly
ester and polypropylene display 
ImRortant differences in physical 
properties. These differences 
should always be considered 
when selecting geotexliles for 
any application. 

Woven or Nonwoven? 

Woven geotextiles can be plac
ed. in two general categories by 
manufacturing method - Slit 
Film and Filament. All woven 
fabriCs display high strengjhflow 

5/88 
Copyright 1988 Hbechst Celanese Corporatlbn 

Table 1 
CHARACTERISTICS 

Polyester 

Melting Point 478·490°F 

UV Resistance Excellent 

Creep Resistance Excellent 
Low Temperature Excellent 

(below 32°F) /Workability 

Biological Resistance Excellent 

Chemical Resistance- Good 

Specific Gravity 1.36 

Polypropylene 

320·3S0"F 

Poor (Unstabillzed) 
Falr·Excellen1 

(Stabilized) 

Fair 

Fair-Poor 

Excellent 

Good 

0.9 

·Chemlcal resistance Is difficult to generalize. Both polyester and polyprop· 
ylene are unaffected by most chemicals, particularly In the concentrations 
commonly found in soli. However, if the fabric Is being used In 8 waste con· 
ta'inment faclll.ty or tank farm. snd will therefore be exposed ·to higher con· 
centratlons, specific compatlbiltty .data should be requested from the geoex. 
tile manufacturers. If this data Is unavailable, which Is often the case with 
leschatss, compatibility testing is suggested. 

Figure 1 

LOAD·ELONGATION CURVE (MOl 

WOVEN 

NON WOVEN 
NEEDLE PUNCHED 

o_~ _____ _ 
o 20 40 60 80 100 

% ELONGATION 

15·1 
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Table 2 

5188 

INDEX TESTS 
PHYSICAL PROPERTY 

1) Weight 

2) Thickness 

3) Grab Strength 

4) Grab Elong_stlon 

~ Trapezoid Tear Strength 

6} Puncture Strength (modUied) (this test is currently being bal
loted at ASTM for approvaf 01 8 5116" flat tip with 1/32" x 
4S G chamfer) 

7) Mullen 8unit Strength 

8) Permittivity 

9) Apparent Opening Size (AOS) 

TEST PROCEDURE 

per ASTM 0 ·3nS 

per ASTM 0·ln7 

per ASTM ().4632 

per ASTM 0-4632 

per ASTM f).4533 

per ASTM 0·3787 

per ASTM 0·3786 

per ASTM 0-449t 

per ASTM 0-4751 

"Typical" and "minimum average roll" results Bre listed on the TREVIRAI!I Spunbond sample cards. 

Hoechst 'CeJanese Corporation also routinely performs or has independent testing fabs perform the following In· 
dex and design tests: 

PHYSICAL PROPERTY 

1) Ultraviolet Degradation 

2) Transmissivity - fabric and fabric-net or fabric-core 
(Depending on bo~ndary conditions, this test can be used 
8S an index or de;;ign test.) 

3} Abrasion ResIstance 

4) Wide Width Tensile Test - This -test Is actually a design 
test but can be used for .comparing fabrics. 

5) Friction Testing per the direct shear method - This test 
may be used 8S an Index or design test. 

6) Gradient Ratio Test - This test may be used 8S an Index 
or design test. 

7} Chemical COmpatibility - this test may be used as en 
Ind'ex or design test. 

8) Creep - This test may be used as an Index or deSilgn 
test. 

TEST PROCEDURE 

per ASTM 0-4355 

per ASTM 0·4716 

ASTM Is currentty balloting on 
an Abrasion Testing pro· 
cedure utilizing the SBS 
(SlIijlng Block/Sendpaper 
Abrasion Test.) 

per ASTM·4595 

This te::t is currently being 
balloted at ASTM. 

This test Is ,currently being 
balloied at ASTM. 

ASTM Is ctm:~nttyw,prklng on 
this tesUng procedure. 

This test Is currently being 
balloted at ASTM, 

Copyright 1988 Hoechst Cetanese Corpora.tlon 15·7 
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Table 3 

PHYSICAL PROPERTIES FOR PERFORMANCE 

IMPORTANT GEOTEXTILE 
APPLICATION FABRIC FUNCTION PHYSICAL PROPERTY for PERFORMANCE 

1. DraInage Filtration • Permittivity 
.. Underdrains Separation • Coefficient of Permeability 
• Recharge drains • AOS 
• Structure drains • Reslstancato Clog,g!ng or Blinding (Gradient Ratio 

Test or Long·Term Soli-Fabric Filtration Test) 
• Trapezoid Tear Strength 
• Puncture Sirength 

2- Erosion Protection FUtration • Permittivity 
• Rip rap slope Separation • Coefficient of Permeability 

protect.lon • AOS 
• Gabion bank • Resistance to Clogging or Blinding 

protection • Frlctlon Angle (Direct Shear Test) 
• Puncture Strength 
• Trapezoid Teat Strength 
• Mullen B,Ufst Strength 

~.~\ 3. Stabilization Separation • Grab T ensUe Strength 
• Aggregate roads Reinforcement • Mullen Burst -Strength 

i and yards Filtration • Trapezoid Tear Strength ,.;i./ 
""";', f- • P_aved roads and Planar Transpon • Puncture Strength 

parking lots • Permittivity 
• Railroad tracks • Trans:ml';islvity 

• Abr:8slonResistance 
• Friction Angle (Direct Shear Test) 

4. Soli R,elnforcement Reinforcement • Wide Width Tensile Strength 
• "Wrap around" walls • Secant Modulus (confined) 
• Reinforced slopes • Direct Shear or Pull Out Friction Angle 
• Embankments over 

weak foundations 

5. lining Systems 

• Gas Rellet layer Planar transport • Transmissivity 

• Cushion Layer Separation • Mullen Burst Strength 
Reinforcement • Puncture Strength 

• Trapezoid Tear Strength 

• Leach-ate Collection Filtration • Permittivity 
Systems Separation • Coefficient of Permeability 

Planar Transport • AOS 
• Resistance to Clogg,lng 'Bnd Blinding 
• Friction Angle (Direct Shear Test) 
• TransmisslvU-y (if fabric is used as the dratn) 

5. Asptt~lt Pavement Waterproofing • Asphalt Retentlonl Absorption 
• Asphalt Overlay (after absorbing • 'Shrinkage Temperature 
• Chlp Seal tack coat) 

',':, • Full depth asphalt R'elnforcement 
. ( 

-) 
5/9S 
Copyright 1988 Hoechst Celanese Corporation 15·11 
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Solid arid Hazardous Waste Containment Drainage 
Primary Leachate Collection as the medium to drain surface 
TEX.NET. a composite of a drainage water off the geomembrane 
net and one or two layers of geotex- cap_ .. and two. under the landfill cap 
tile fabric. can provide a desired pla- as a gas collector. TEX·NET with a 
nar flow of liquids down the steep geotextile on one side only is ideal 
slopes of the walls and across the for installation over the cap. TEX-NET 
floor of waste containments to col- WIth fabric on both sides is sug-
lection standpipes. The fabric acts as gested for under the cap to reduce 
a filter to keep soil or fines from generated gas buildup. Gases will 
inhibiting any planar flow of leachate flow along the grid as freely as fluids. 
through the drainage net. It also acts Gas Collection Within The Landfill 
as a cushion protecting the liner 
from damage. By having the fabric TEX·NET works very well in the col-
heat-laminated to the net. superior lection and release of methane and 
frictional re,istance is achieved. other gases commonly generated in 
Shear tests of TEX-NET with clayey solid waste landfills. Strips of double-
soils indicate realistic friction angles faced TEX-NET, if appropriately posi-
In excess of 30~ tIoned throughout the refuse, will 

collect generated gas and direct its 
Landfill Cap flow toward manifold pipes and onto 
There are two applications of the surface fOr collection and use or 

',~EX'NET in a typical landfill cap, One, flaring, ' 

TEX·NETIN A TEX-NET WITHIN LANOFILL 

CAP FOR GAS COLLECTION 

I----"coll"''';on----···· ,' -----.-. -_ .. - -.- . . 

For Drainage 

~~~~~caPLiner 
TEX,N€T 
FOf Gas 
Collection 

',' . 
. ;>., 

TEX~NET' ::'~~~:tt 
Sheets -

----------, 

Flaring Pipe-

Pipe Header Pipe Header 
_._._-_.,-
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FLUID SYSTEMS, INC 

[P)CQ)[L1(o[NJ ~u ™ PN-4000 FOR CLAY LINED FACILITIES 
PN-3000 eN - "CAP-NET" 

SPECIFICATION 

ROLL LENGTH (MAXIMUM) (Ff.) 

ROLL WIDTH ( + 1 in.-{) in.) (Ff .) 

THICKNESS (IN.) 

S.F. INROLL 

WEIGHT PER ROLL (LBS.) 

WEIGHT PER S.F. 

• Available 10 Lengths of 400 Feel 

PROPERTY 

RAW MATERIAL (ALL DOMESTIC) 

MANUFACTURING 

COLOR 

CARBON BLACK 

DENSITY & POLYMER (glcm3 ) 

MELT INDEX (gil 0 MIN) 

TENS.ILE STRENGTH (LBS.rIN.) 
(MACH. DIRECTION) 

TENSILE STRENGTH (LBS.rIN.) 
(TRANS. DIRECTION) 

ELQNGATION TO BREAK . 
(MACH. DIRECTION) 

ELONGATION TO BREAK 
(TRANS. DIRECTION 

PORQSITY 

U.V. RESISTANCE 

TRANSMISSIVITY 

PN-4000 

300 

6.9 

.300 

2025 

500 

.245 

PN-4000 

POLYETHYLENE 
(VIRGIN MATERIAL) 

FOAMED + 
EXTRUDED 

BLACK 

2% 

.936 

1.10 

58 

33 

175% 

165% 

.81-.84 

STABLE 

-SEE TABLES-

SI3n71-5656 
800/346-9107 
FAX: 513n71-4844 

POLY-NET IS PROUDLY MANUFACTURED IN THE U.S. 

PN-3000CN 

300 

6.9 

.200 

2025 

233 

.115 

PN-3000CN 

POLYETHYLENE 
(VIRGIN MATERIAL) 

FOAMED + 
EXTRUDED 

BLACK 

2% 

.936 

1.10 

24 

11 

180% 

150% 

.81-.84 

STABLE 

-SEE TABLES-

32 Trianglti Park DrIve 
Suite _3201 
Cincinnati. Ohio -15246 
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POLYNET PN-3000 

PRODUCT DESCRIPTION 

( NSC J 
l--=~ 

PN·3000 is a profiled gconel manufactured by extruding two sets of polyethylene strands to form a diamond 
s-hapc. The resulting nct provides superior planar water flow, is inen to biological and naturally encountered 
cht.:micals, alb.1ics j and acids and is resistan t to UV light exposure. Polynct PN·3000 conforms to the property 
values li sted below. 

PROPERTY . METIIOD UNITS OUALIFIER VALUE 

Roll Length it Normal 300 

Roll Width fl Normal 754 

Thickn t:ss ASTM D1777 inches Range 0.220-±-0.022 

.-\r..::.1 pa Roll ft2 Normal 2262 

Weight per Roll Ibs Norm al 407 

\Vcight per SqU:HC Foot ASTM D3776 Ibs/ft2 Range 0.180-±-0.018 
(oplion C) 

Carbon Black Contenl ASTM D16G3 percent Range. 2.5-±-0.5 

Polymer Density ASTM D1505 g/cm3 
Rang~ 0.937-±-0.002 

Melt Flow Index ASTM Dl238 gi lD min. Maximum 1.0 
(condilion E) 

Tensile Strength ASTM D1682 ppi Range 50-±-1O 
(~1achinc Direction ) (modjfied) 

Transmissivityl ASTM D4716 M2/sec Minimum 1 X 10-3 

(gradient:: 1.0 at 15,000 psf) 

1 Measured between two steel plates one hour <lfter applicalion of the confining pressure. Values may vary based on transmissivity 

specimen dimensions and specific laboratory. 

9f27fl!S 
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POLYNET PN-3000·CN 

PRODUCT DESCRIPTION 

PN·3000 eN is il fOamed profiled g!!onet manufactured by eXlrudlng two se ts of polycthylen(; strands to-form J 

diamond sharI.: . The n.'sulting n~t provj-des st'pcrior planar water How, is inert to biological and naturally 
e ncountered chcmicJIs, alkalies, and acids and is resistant to UV light exposure. Polynel PN-3000-CN 
conforms to the pn)pcrty \"<l 1uc5 listed below. 

PROPERTY METHOD UNITS OUALIFIER VALUE 

Roll Length It Normal 300 

Roll Width It Normal 7.5~ 

Thickness ASTM D1777 inches Range 0.2201:.0.022 

A rea per Rol l ft2 Normal 2262 

Weigh! per Roll Ibs Normal 260 

\Veight pc::r Square Fl\O! ASTM D3776 
, 

Ibs/ ft- R:mgt.:' 0.1151:.0.011 
(option C) 

Carbon Black Contcnt ASTM Dl603 percent Range 2.5.±-0.5 

Po l)-mer Density ASTM D1505 g/cm3 Range 0.9371:.0.002 

Melt Flow Index ASTM D1238 g/IO min. Maximum 1.0 
(condit ion E) 

Tensile Strength ASTM D1682 ppl Range 2S.:t..10 
(Machine Direction) (modified) 

Transmi~sivityl ASTM D4716 M2/scc Minimum 1 X. 10.3 

(gradhml:= 1.0 at 4,000 pSr) 

I Mi::.asurcd bc",,",ccn twO sled plates one huur a rtcr applic'.I1ion o f Ihc confin ing pressure. V-al u~·.s may . .... <11)' 1l:ll>Cd on transm iss,~'i 'y 

specimcn dimensions and specific Inboralory. 
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TRANSMISSIVITY 

10-2 
9 
8 
7 
6 

5 

4 

3 

2 

10-3 
9 
8 
7 
6 

5 

4 

3 

2 

10-4 

9 
e 
7 
6 

5 

4 

3 

2 

10-5 

• t:--
'----.::::: 
'-

0 0.25 

INStALLATION METHOD 

LEAK DETECTION 
HOPE LlNER/POLY-NETi HDPE LINER 

PN-3000 CN 
CAP-NET 

~ -
. 

1 

HYDRAUliC GRADIENT (i) 

HYDRAULIC PRESSURE 

,. 1000PSF 
• 2000PSF 
o 4000PSF 
x 7000PSF 
... 'OOOOPSF 
• '4000PSF 
o 20000PSF 

1.25 1.5 

Ef!!!!!§iI iff FLUID SYSTEMS., INC. ---
32 Triang.le· Park Drive Sl'3n7'1-5656 
Suit. 320' , 8OOi346-9'07 ---- --- -- Cincinnati, Ohio 45246 FAX: 513n71-4844 - --
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TRANSMI.SSIVITY 

10-2 
9 
8 
7 
6 

5 

4 

3 

INSTALLATION METHOD 
LEACHATE COLLECTION 
CLAY SUBGRADE· GEOTEXTILE 
POL Y'NET 'HDPE LINER 

PN-3000 CN 
CAp .. NET 

2 

~ :---I --
( -- ::::---

1 0-3 
9 
8 
7 
6 

5 

4 

3 

2 

10-4 
9 
8 
7 
6 

5 

4 

3 

2 

10-5 

o 0.25 0.5 0_75 1 

HYDRAULIC PRESSURE 

T 1000PSF 
• 2000 PSF 
o 4000PSF 
x 7000 PSF 
... 10000PSF 
• 14000PSF 
o 20000PSF 

1.25 1.5 

HYDRAULIC GRADIENT (i) 

~~= FLUID SYSTEMS, INC ---- - --- --- --
32 Triangle Park Driye 513n7'-5656 
Su;!.3201 800/346-9.107 
Cincinnat i. Ohio 45246 FAX; 5'13/711-4844 
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[p)(Q)aj'fo~~lf ™ 
IN~TALLATION METHOD 

CLAYSUBGRADE/GEOTEXTILEI 

TRANSMISSIVITY POLY-NETIGEGTEXTILE,CLAY SUBGRADE 

LEACHATE COLLECTION 
FOR CLAY LINED FACILITY 

PN .. 4000 

HYDRAULIC PRESSURE 

... 1000PSF 
• 2000PSF o 4000PSF 
x 7000PSF 

SANDWICHED BETweEN GEOTEXTILES 
• 10000PSF 
• '4000PSF o 20000PSF 

10.2 
9 
B 
1 
6 

5 

4 

3 

2 

10.3 
9 
B 
1 
6 

5 

4 

3 

2 

10.4 

9 
8 
7 

6 

5 

4 

3 

2 

10' 5 

l-

f-..... 
I). -t-

o 0.25 

....I 

~ 

----
l.----4 

J 

"7 
/' 

---t---. ~ ............. 
V 

0.5 0.75 1 1.25 1.5 

HYDRAULIC GRADIENT (i) 

_== FLUID SYSTEMS, INC ----
32 Triangle Park Drive 513/771-5656 
Suite 3201 800~6-9107 
Cincinnati. Ohio 4I:S246 FAX: 513fi71-48441: ----- --- --- --
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l$pec\mep 

1. 
2. 
3. 

Avg: 
SD:, 

Specimen 

1. 
2. 
3. 

Avg: 
SD: 

/c'~,,,,:,,\ 

(i 
/' 

Specimen 

1. 
2. 
3, 

Avg: 
SD: 

SpecImen 

1. 
2. 
3. 

AVi: 
SD: 

. "",,~, 

) , 
. .,/ 

TABLE S. HYDRAUUCTRANSMISS.IVITY (M3/SECX 10'~) 
PN4000 GEONET -----.- .--.. - .. -

GRADmNT '" 0.15 

5,000 psf lQ.QQQ psf 15.000 psf 20,QOO pst 

3.67 2.16 1.07 Q.43 
4,54 3,02 1.27 0,58 
4.54 3.07 1.34 0.63 

4.25 2.75 1.23 0.55 
0.50 0,51 0.14 0.10 

GRADIENT" 0,50 

5,000 I2$f )0,000 pst 1$.000 psf 2Q,QQO psf 

2.56 1.65 0,78 0.30 
3.05 2,09 1.04 0.46 
2.94 2.0S 1.08 0.46 

2.85 1.93 0.97 0.41 
0.26 0.24 0.16 0.09 

GRADIENT '" 0.'5 

5,{)OO psf 10,000 psf 15,000 psf 'MOO ps! 

2.01 1.36 0.67 0.25 
2.69 1.74 0,85 0 . .37 
2.66 1.78 0.86 0.38 

2.45 1.63 0.79 0.33 
0.38 0.23 0.11 0,07 

GRADIEl'<'T • 1.0 

~.QQQ psf IMOO psf 15,000 psf 20.QQQ pSf 

1.83 1.22 0.57 0.22 
2.2.3 1.56 0.7S 0.34 
2,26 1.49 0.76 0.34 

2.11 1.42 0.69 0.30 
0.24 0.18 0.11 0.07 

2S.0QQ PSI 

0.17 
0.19 
Q.18 

0.18 
0.01 

1.5.000 ~ ' :lf 

0.13 
0.17 
0.18 

0.16 
0.03 

ZS,QQ01~ 

0.11. 
Otl~~ 
0.14 

O.1:~ 

~ :" 
1." 

ID 

~:uw 

0.10 
0.10 
0.13 

~ 1 
O. I 

' :::>NI SW3..LSAS OIO,.=! lok l"ld:-vi-:'s o " . . . - -" - " -
06 'S2 'l" C 
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1. 
2" 
$. 

Avg: 
SD: I 

SpedmQll 

1. 
2. 
3. 

Avg: 
SD: 

." ,~' \ 

) 
, ' .. ~ 

Slledmen 

1. 
2. 
:;, 

Avg: 
SD: 

Specimen 

l. 
2. 
3. 

AVi: 
SD: 

TABLE 3. HYDRAUUC TRANSMISSMT'i (M2jSEC X 10"3) 
-l'N3000 GEONET . ..------ ._--

GRADIENT :; 0.25 

S,QQQpaf 1Q,000 pet 15.000 pst 20.000 psf 

2.85 2.19 1.84 1.37 
2,13 2,81 2.29 lAS 
3.04 2.46 2.08 1.03 

2.67 2.49 2.07 1.28 
0.48 0.31 0.23 0.22 

GRADIENT. 0.50 

5.000 Psf 10,000 p&f 1$·000 ps! 2Q.000 pst 

2,21 1.84 1.44 0.92 
1.78 2.09 1.72 1.20 
2.23 1.97 1,45 0.78 

2.07 1.97 1.54 0,97 
0.25 0.13 0,16 0.21 

GRADIENT • 0.75 

S,QQQ psf 1Q.000 psr l$.QQOll~f 20.000 wi 

2.02 1.47 1.11 0.88 
1,61 1.72 1.44 1.04 
1.81 1.68 1.24 0.64 

1.81 1.62 1.26 0.85 
0.21 0.13 0.17 0.20 

GRADIENT. 1.0 

S,Q()Q psf lQ,OQQ pst 15.QQQ psf 20.000 psf 

1.75 1.46 1.20 0.81 
1.35 1.5.1 1.26 ..- 0.94 
1.56 1.47 1.10 . 0.58 

1.55 1.48 1.19 0.78 
0.20 0.03 0.08 0.18 

~ .'.- ~ ""'- - . '- .-. -

ZS,QQO Pfj; 

0.31 
0.80 
0,52 

0.54 
0.25 

~.QQOllU 

0.26 
0.59 
0.38 

0.41 
Q,17 

~-pM 

O.2! 
OJ 4, 
0.3;1 

OJ,'7 
O.1.IS 

~l~f 

0.:t2 
0..49 
O,:~O 

0;34 
0.14 
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Specjmen 

1. 
2. 
3. 

,",,\ 

Avg: 
SD: 

,,/ 

Specimen 

1. 
2. 
3. 

Avg: 
SD: 

Specimen 

1. 
2. 
3. 

Avg: 
S1): 

'=", 
if"! 

_ -C...:~' 

'to 0 d 

TABLE 3. HYDRAljUC TRAJ-{SMISSlVITY (Ml/Sec X l(r' ) 
SOIL/TR£VTRA 1l20/PN3000 GE01'«'ET/TREVIRA 1120/50IL .._._--.. _ -----

GRADIENT = 0.25 

5.000 psf ) 0,000 psf ]5,000 pof ;<0,000 Dsf 

0.41 0.16 0.Q7 0.04 
0.42 0.17 0.08 0.05 
0.48 0.23 0.14 0.11 

0.44 0.19 0.10 0.07 
0.04 0.04 0.04 0,04 

GRADIENT = 0.50 

~,QOO psf 10,000 psf ) ',000 p~f lO ,OOD p~f 

0.36 0.14 , 0.08 0.03 
0.37 0.14 0,08 0.04 
0.40 0.18 n.li 0.07 

0.3~ 0.15 0.09 1l.0~ 
0.Q2 0,02 0,02 om 

GRADIENT" 0.7$ 

;\,000 psf I f).OOO R,f 15,000 po;f ~Il,()()() p.r 

0.32 0.14 0,06 0.04 
0,32 0.14 0.06 0.05 
0.35 0.16 0.08 • tl.(J6 

0.33 0.15 0,07 0.05 
0.Q2 0,01 0,01 (),() 1 

GRADIENT" 1.0 

' ,ODD psf I n.OQO psf 15.000 p,r 2(),OOO p,f 

0.26 0.12 0.05 0.03 
0.26 0,12 0.06 O.U4 
0,29 0.14 0.07 Cl.OS 

o.n O.IJ 0,0(, 0.04 
O.O:! 0.01 0.0 I O.lll 

25.000 D~f 

0.02 
0,04 
0.09 

0.05 
0.fl4 

25.000 rnf 

0,(12 
0.0" 
O.O() 

Om 
0,02 

2~ ,QOO ~ill' 

O.OJ 
0.03 
n.o:, 
0.04 
0.01 

2 ~,OOIJ.l.llif 

o.n:.! 
0.0'; 
0.04 

O.O.'l 
O.ot 

. .-. . ..., .-. . -. . - . 
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Specimen 
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TABLE S. HYDRAULIC TRANSMISSIVITY (MljSec X 10.3) 
SOIL!TREVIRA 1 120/PN4000 GEONET/TREVIHA 11.20/S011. ._--_. ".' • .. '., 

GRADIENT. 0.205 

5.000 psf lO,OOO psf ) 5,QOQ lI~f 20.000 D~f 

0.63 0.17 0,03 0.00 
0.66 0,19 0.05 0.02 
0.76 0.29 0.15 n,ll 

0.68 0,22 0.08 (J,(14 
Om 0.06 0.06 D.D(\ 

GRADIENT = 0.50 

5,000 psf 10,000 psf 15,OQO psf 20,000 psf 

0,62 0,18 0,02 0.00 
0.64 0,19 0,03 (l,01 
0,71 0.24 0,08 0.0(\ 

0.66 0,20 0.04 (l.OZ 
O,OS 0,03 0,03 O,Q,; 

GRADIENT;: 0.7! 

~,O()Q p,r I n.OQO ps! 15,000 psI' ~1l ,OI)() p'( 

O.s! O.IS 0,02 O.O(J 
d,S3 0.16 0.03 n.OI 
0.59 0.20 0.06 (J.D': 

0,54 0.17 0.04 0.02 
0.04 0.03 0.02 0,02 

CRADIENT = 1.0 

5,000 p~f 10,000 osf 15,000 p,lf Zll,(lOQ D,f 

0.46 0.13 0.02 n.o I 
0.47 0.\3 0.03 0.02 
0.53 0.16 O,oS n.114 

0.49 0.14 0.03 0.02 
0.04 0.02 0.02 om 

"- "-, T 

aooa ptf 

o.no 
(J,02 
0.11 

O.fl4 
0.0(\ 

2~ Don D~ 

0,00 
0.01 
0,05 

Q,02 
om 

25.f)OO psi' 

0.00 
0.o! 
(J,()4 

0.02 
O,!);! 

2~ .oOD-llli 

a.CiI) 
O,{)I 
Q,()3 

O.ot 
0/:',1 

..-'~I'" 
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Polv.··et1n' ,'I[. rleI;"".e ..JL . .L . 'li. -f.;!;. ,1L .,' ,.;' 

Product Data 

Property Test Method Values 

Thickness, nominal (mm) 30 (.75) 40 (iO) 60 (1.5) 80 (2.0) 100 (2.5) 

Thickness (min. ave.), mil (mm) ASTM D5994' 29 (.71) 38 (.95) 57 (1.43) 76 (1.90) 95 (2.38) 

Thickness (lowest indlv. for 8 of 10 spec.), mil (mm) ASTM 05994' 27(68) 36 (.90) 54 (1.35) 72 (1.80) 9(J (2.25) 

Thickness (lowest Indlv. for 1 of 10 spec), mil (mm) ASTM 05994' 26 (.64) 34 (.85) 51 (1.28) 68 (1.70) 85 (2 .13) 

~Thc dlickness values llUY be changed due to project specifications (i.e., absolute minimum thickness) 

GRI GM12 16 

ASTM Method 8 0.94 0.94 0.94 0.04 0.94 

Tensile Properties (ave, both directions) ASTM 06693, Type IV 

Strength @ Yield (min. ave.), Iblln width (Nlmm) 2 in/minute 66 (11.6) 88 (15.4) 132 (23.1) 176 (308) 220 (38.5) 

Elongation @ Y~ld (min. ave.), % (GL=1.3lo) 5 specimens in each direction 13 13 13 13 13 

Strength @ Break (min. ave.), Ibnn width (Nlmm) 66 (1i6) 88 (154) 132 (231) 176 (30.8) 220 (385) 

350 350 350 350 350 

ASTM 01004 23 (102) 30 (133) 45 (200) 60 (267) 72 (320) 

Puncture Resistance (min. ave.), Ibs. (N) ASTM D4833 60 (267) 00 (400) 120 (534) 150 (667) 180 (801) 

Carbon Black Content ASTM 04218 2-3 2-3 2-3 2 - 3 2 -3 

Carbon Black Dispersion (Category) ASTM 05596 Only near spherical agglomerates 

for 10 views: 9 views in Cat 1 or and 1 view in Cat 3 

Stress Crack Resistance Point NCTL), hours ASTM D5397, 300 300 300 300 300 

Oxidative Induction 1ime, minutes ASTM 03895, 200"C, 1 atm 02 2100 2100 ~100 2100 ~100 

Melt Flow Index, g/i0 minutes ASTM 01238, 190'C, 2.16kg 51.0 51.0 51.0 s1.0 $1.0 

Oven Aging ASTM 05721 80 80 80 80 80 

with HP O!T, (% retained after 90 days) ASTM 05885, 150'C, 500psi 02 

UV Resistance GRI GM1 1 20hr. Cycle @ WCI4 hr. dar, condensation @ 60'C 

with HP 01T. (% retained after 1600 liours) ASTM 05885, 150'C, 500psi 02 50 50 50 50 50 

These product specifications meet or exceed G IU's GM13 

Supply Iuformation (Standard Roll Dimensions) 

Thickness Width Length Area (approx.) ~Teight (avenlge) 

mil ft ft ftl , 
Ihs ko' mm m m m-

" 
30 .75 23 7 600.1 182.9 13,782 1,280 3,325 1,510 

40 1.0 23 7 600.1 182.9 1.280 1,510 

60 1.5 23 7 410.1 125 9.419 875 3,356 1,522 

80 2.0 23 7 328.1 100 700 

100 2.5 23 7 246.1 75 5.651 525 3,167 1,436 

Notes: 
AI! I'oll!: t1rt Iu!-,plifd 11,itb two slings. All t"oUS ffn wound Oll il 6 im'h roTt. Sj;ctiJli roll ICitgtbs (In' I1twiillbie on 1"('quest. 

All information, recommendations and suggestions 'lppearing in this literature concerning ale use of our products are based upon tests and datll bdit-"ved 
to be reliable; however, it is the users responsibility to determine the suitability for their own lise of the products described herein. Since the actual 
use by ot.1er~ is beyond uur control, no guarantee or warranty of any kind, expressed or implied, is made by Agnl/Amcrica as to the effect~ of such use 
or the result, to be obtained, nor docs Agru/.AuTlerica assume ~lny liability in c'onnecnon herewith. Any statement made herein may not be absolutely 
complete since additioll<11 infonnation rnay be necessary or desirable \>"hen particular or exccption:ai conditions or circumstances exist or beCllUsc of 
apphcah!e l:aws or government reg;uiatioIL<;.Nothillg herein is to be construed ,1S permission or as a recommendation to infringe any parent. 

soo Garrison Road, GeorgetO'wll, South Carolina 29440 843-546-0600 800-373-2478 Fax: 843-527-2738 

clnail: saJesmkg@agrnamerica.com www.agrunrneric<l.com 

iD Agn1 Amcric,l, Inc. 200" 



Micro Spike® Textured Geomembrane 

Applications for HDPE and LLDPE Micro Spike", texnrred geomembranes 
include projects whe.·e slope stability is critical. Micro Spike· is the only HDPE 
or LLDPE geomembrane that exhibits reproducible textmc and friction angle 
values with the highest internlce surface friction values in dIe industry. 

Agr1.l i\mcrica's stTtlCtufcd Geomcmbranes arc produced on sta,tc-of-the-art equipmeIlt 
using a fla t die-cast extrusion manufacturi.ng pro(;ess as opposed to bJown film extTu
sion. Agnl Am erica is the only manufacturer of structlU"cd and embossed 
Gcomen1branes iJl North America. 

Micro Spike'" suiface tex tU1"e 

Comparative properties/or Design Consideration 
B107.l.m film co-c)":truded textlwed .wrJateS 'V.I'. ,i\/fic't-v S'pik~ .I'tructlfrcd surf/Ices 

Design Consideration Blown fibn co-extruded 

Consisten t Gore thickness no 

ConsisteDl: surface texUlre no 

Consistent asperity height no 

Consis[em. i.ntelfacc friction no 

Affect on mechanical properties 

Affect on stress crad~ potential 

Affect on multia.xial m ess-strain 

Reduction in CQA program costs 
(Jess testing reqnired) 

yes 

yes 

yes 

no 

Micro Spike® srnlctured 

yes 

yes 

ye..<; 

yes 

no 

no 

no 

yes 



The calendared structureclliner manufacturing process allows production of the only textured liner with 
a consistent core thickness, resulting in unchanged mechanical properties ii"om that of smooth sheet. 
The consistent surface structuring or texture gives i\1icro Spike!!' Gcomcmbranes rcproduciblcfi"iction 
angle values with efficiencies of over 95(};'1. 

NIicro Spikc@ geomcmbranes arc manufactured to meet or exceed current industry standards includ
ing GRl Gi\'1 13 (HDPE) and GRI G1\1 17 (LLDPE) test values, frequency of testing and functional 
requirements.iYlicro Spike;;: textured Geomembranes have smooth edges to aHow for high quality 
thermal fusion welding between_ adjacent sheets. A.ll. Agru Geomembrane material is rolled on plastic 
pipe cores to ensure ease of installation\vithout damage to the roll materiaL 

iVlicro Spikc0 textured HDPE and IJ.J)PE geomembrane has a decided advantage over blown film 
textured geomembrane: 

Reliahilit!V: NEcro Spikc's® reproducible friction angles gives the design engineer the confidence that 
he has desi6TJ1ed a sysrcm that wilJ be built to meet or exceed the project design requirements. 

Cost Saving:;: Micro Spjke~ is competitively priced with value added advantages including consistent 
core thickness and texture which reduces the on-site Quality Control and third party Quality 
Assurance costs. 

Consistent Material: The structured "l\IIicro Spikes" are totally integrated with the Geomembrane. 

High lnteiface sbear: Exceptional shear resistance between soil and geotextile components allows 
flexibility and stability during protective cover material placement. 'The textured asperity height 
is not only consistent but higher than competitive textured product,," 

Agru has over 20 years ex])erience with Geomenlhranes and 50 years experience with Thermoplastic Extrusion 
/\.gru offers a "vide range of concrete lxotective liners (Sure Grip), pipe fittings ;lnd semi-finished lnaterials. 

SOO Garrison Road, Georgetc)'.vn, Somh Caroliml 2i)440 843-54(dl600 800-321-1379 Fax: 843-;46-0516 

enHll: sJlesmkg@Jgm,lmeriuLcom www.agru.uncric.l.com 



Product Data Sheet 

GSE STANDARD PRODUCTS GSE HD Textured Geomembranes 

GSE HD Textured is the textured vers ion of GSE HD. It is a high quality, high density polyethylene IHDPE) geomembrane 
w ith one or two coextruded, textured surfaces, and consisting of approximately 97.5% polyethylene, 2.5% ca rbon black 
and trace amounts of antioxidants and heat stabil izers; no other additives, fillers or extenders are used. The res in used 
is specially formulated, virgin polyethylene and is designed specifically for flexible geomembrane applications. GSE HD 
Textured has excel lent resistance to UV ra diation and is suita ble for exposed condi tions . This product allows proiects 
w ith greater slopes to be designed since fri ct ional characteristics are enhanced. These product specifications meet or 
exceed GRJ GM 73. 

Product Specifications 

TESTED PRO PE RTY TEST METHOD FREQ UENCY MINIMUM VALUE 

Product Code HDT HDT HDT HDT HDT 
030GOOO 040GOOO 060GOoo 080GOoo 100GOOO 

Thickness, (minimum average) mil (mm) ASTM D 5994 every roll 29 (0.73) 38 (0.96) 57 (1,45) 76 (1.93) 95 (2.41 ) 

lowest individual for 8 out of 10 values 27 (0.69) 36 (0.91 ) 54 (1.40) 72 (1.80) 90 (2.30) 

lowest individua l (or any of the 10 values 26 (0.66) 34 (086) 51 (1.301 68 (1.73) 85 (2.16) 

Density, glcml ASTM D 1505 200,0001b 0.94 0.94 0.94 0.94 0.94 
Tensile Properties (each direction)!ll ASTM D 6693, Type IV 20,0001b 

Strength at Break, Ib/in-width (N/mm) Dumbell, 2 ipm 45 (8) 60 (11) 90 (16) 120(21) 150 (27) 

Strength at Yield, Ib/in-width (N/mm ) 63 (11) 84 (15) 126 (22) 168 (29) 210 (3 7) 

Elongation at Break, 'Yo G.L. = 2.0 in (5 1 mm) 100 100 100 100 100 

Elongation at Yield, % G.L. = 1.3 in (33 mm) 12 12 12 12 12 
Tear Resistance, Ib (N) ASTM D 1004 45,000 Ib 21 (93) 28 (125) 42 (187) 56 (249) 70(311) 

Puncture Resistance, Ib (N) A5TM D 4833 45,000 Ib 45 (200) 60 (267) 90 (400) 120 (534) 150 (667) 

Carbon Black Content, % A5TM D 1603'/4218 20,0001b 2.0 2.0 2.0 2.0 2.0 

Carbon Black Dispersion ASTM D 5596 45,0001b +Note 1 +Note 1 +Note 1 +Note 1 +Note 1 

Asperity Height GRI GM 12 second roll +Nole 2 +Note 2 +Note 2 +Note 2 +Note 2 

Notched Constant Tensile Loadl2l, hr A5TM D 5397, Appendix 200,0001b 300 300 300 300 300 

REFERENCE PROPE RTY TEST METHO D FREQUENCY NOMINAL VALUE 

Oxidative Induction Time, min A5TM D 3895, 200· C; 200,000 1b >100 >100 >100 >100 >100 °2,1 atm 

Roll LengthU! (approximate), ft (m) Standard Textured 830 (253) 700 (213) 520 (158) 400 (122) 330 (101) 

Roll Width''', It (m) 22.5 (6.9) 22.5 (6 .9) 22.5 (6.9) 22.5 (6.9) 22.5 (6.9) 

Roll Area, (t' (m') 18,674 15,750 11 ,700 9,000 7,425 
(1,735) (1,463) (1,087) (836) (690) 

NOTES, 
• +Note 1: Dispersion only applies to nea r spherical agglomerates. 9 of 10 views sholl be Category 1 or 2 . No more than 1 viaw from Category 3. 
• +Note 2: 10 mil overage. 8 of 10 readings '27 mils. Lowest individual <!: 5 mi ls. 
• GSE HD Standard Textured is available in rolls weighing about 4,000 Ib (\,800 kg). 
• mThe combination of stress concentrations due to coox/rusion texture geometry a nd the small specimen size results in large variotion of test results. Therefore, Ihese ten-

sile properties are minimum average values. 
• mNCn for H D Textured is conduded on representative smooth membrane samples. 
• All GSE geomemblanes have dimensional stability of %2% when tested with ASTM D 1204 and lTB of <-7r C when lesled with ASTM D 7.46. 
• (3;Rolllenglhs a nd widths hove a taleronce of ± 1 %. 
• · Modified. 

DS006 HDteXl R01106108 

Thi~ i!'lklfmclio!'l ;1 provided for .efe..-eoce PUfPOse~ only ond is '101 in~!'Ided Q~ Q WCfrQ!'Ity or gt.lOfonlett GSE O$St.lrne~ no liobilily in Conll8CtiOIl with !he 1.1\.1 of this f!'lformolion. Pleo.e check with 
GSE f()( cu,.enl, stolldord minImum quolity msurance pfOcooures end SpKlficOhonl. 

GSE and other trademarks ,n lhi& cIocumeru are re{;islered trademarkS 01 GSE Llnil\g Technology, Inc. ;0 the United States and certain foreign counlries. 

North America 
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Asia Padfk 
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GSE Uning Techn~ogy Chile S.A. 
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GSE lining Technology GmbH 
GSE lining Technology-Egypt 

Houslon, Texas 
Sontiogo, Chile 
80ngkok, Thoiland 
Hamburg, Germany 
The 6th of Onobor City, Egypt 

www.gseworld.com 
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Product Data Sheet 

GSE STANDARD PRODUCTS GSE HD Geomembranes 

GSE HD is a smooth, high quality, high density polyethylene (HDPE) geomembrane produced from specially formulat
ed, virgin polyethylene resin. This polyethylene resin is designed specifically for flexible geomembrane applications. It 
contains approximately 97.5% polyethylene, 2.5% carbon black and trace amounts of antioxidants and heat stabiliz
ers; no other additives, fillers or extenders are used. GSE HD has outstanding chemical resistance, mechanical proper
ties, environmental stress crack resistance, dimensional stability and thermal aging characteristics. GSE HD has excel
lent resistance to UV radiation and is suitable for exposed conditions. These product specifications meet or exceed GRI 
GM73. 

Product Specifications 

TESTED PROPERTY TEST METHOD FREQUENCY MINIMUM VALUE 

Product Code HDE HDE HDE HDE 

030AOOO 040AOOO 060AOOO 080AOOO 

Thickness, (minimum average) mil (mm) ASTM D 5199 every roll 30 (O.75) 40 (1.00) 60 (1.50) 80 (2.00) 

Lowest individual reading (-10%) 27 (0.69) 36 (0.91j 54 (1.40) 72 (1.80) 

Density, glcml ASTM D 1505 200,0001b 0.94 0.94 0.94 0.94 
Tensile Properties (each direction) ASTM D 6693, Type IV 20,0001b 

Strength at Break, Ib/in-width (N/mm) Dumbel!, 2 ipm 114 (20) 152 (27) 228 (40) 304 (53) 

Strength at Yield, Ib/in-width (N/mm) 63 (11) 84 (15) 126 (22) 168 (29) 

Elongation at Break, % C.l. 2.0 in (51 mm) 700 700 700 700 

Elongation at Yield, % C.L. 1.3 in (33 mm) 12 12 12 12 
Tear Resistance, Ib (N) ASTM D 1004 45,0001b 21 (93) 28 (125) 42 (187) 56 (249) 

Puncture Resistance, Ib (N) ASTM D 4833 45,0001b 54 (240) 72 (320) 108 (480) 144 (640) 

Carbon Black Content, % ASTM D 1603'/4218 20,0001b 2.0 2.0 2.0 2.0 

Carbon Black Dispersion ASTM D 5596 45,0001b +Note 1 +Note 1 +Note 1 +Note 1 
Notched Constant Tensile load, hr ASTM D 5397, Appendix 200,0001b 300 300 300 300 

REFERENCE PROPERTY TEST METHOD FREQUENCY NOMINAL VALUE 

Oxidative Induction Time, min ASTM D 3895, 200' C; 200,0001b >100 >100 >100 >100 °2, 1 atm 

Roll lengthl11 (approximate), ft (m) 1,120 (341 870 (265) 560 (171) 430 (131) 

Roll Width"', ft (m) 22.5 (6.9)' 22.5 (6.9) 22.5 (6.9) 22.5 (6.9) 

Roll Area, It' (m') 25,200 19,575 12,600 9,675 
(2,341) (1,819) (1,171) (899) 

NOTES: 

• +Nole 1: Dispersion only app!les 10 near spherical agglomerates. 9 of 10 views sholl be Category 1 or 2. No more than 1 view from Category 3. 

• GSE HD is available in rolls weighing about 3,900 Ib (1,769 kg) 

'* All GSE geomembranes have dimensional stability of ±2% when tested with ASTM D 1204 and lTB of <"7r C when tested with ASTM D 746. 

'* n:Rolllengths and widths have a tolerance of ± 1%. 
• *Modified. 

HDE 

100AOOO 

100 (2.50) 

90 (2.30) 

0.94 

380 (67) 

210 (37) 

700 

12 

70(311) 

180 (800) 

2.0 

+Note 1 

300 

>100 

340 (104) 

22.5 (6.9) 

7,650 
(711) 

08005 HO R01/07/0a 

Thi~ information is prOVided for reference pUfP05f>~ only and i~ not intended O~ a warranty or guarontee. GSE ossumes no liability in connoction with the use of this information Please check with 
GSE for current, standard minimum quc!ity assurance procedures and specificotior.s. 

GSE and other trademarks in this document are registered trademarks of G8E Unin9 Technology, Inc, in the United States and certain foreign countries. 

North America 
South America 
Asia Pacific 
Europe & Africa 
Middle East 

GIE lining Technology, Inc. 
GS[ lining Technology Chil, I.A. 
GSE lining Technology Company Limited 
GI[ lining Technology GmbH 
GS[ lining Technology-Egypt 

Houston, Texas 
Santiago, Chile 
Bongkok, Thoilornl 
Hamburg, Germany 
Th, 6th of October Ci~, Egypt 

www.gseworld.(om 

800.435.2008 281.443.8564 
56.2.595.4200 
66.2.937.0091 
49.40.767420 
20.2.828.8888 

fax: 281.230.6739 
fax: 56.2.595.4290 
Fox: 66.2.937.0097 
Fax: 49.40.7674234 
fox: 20.2.828.8889 



i 
Product Data Sheet 

GSE STANDARD PRODUas GSE Nonwoven Geotextiles 

GSE Nonwoven Geotextiles is a family of polypropylene, staple fiber, nonwoven, needlepunched geotextiles. 

Manufactured using an advanced manufacturing and quality system, these products are the most uniform and consistent 

nonwoven, needlepunched geotextile currently available in the industry. GSE combines a fiber se lection and approval 

system with in-line quality con trol and a state-of-the-art laboratory to ensure that every roll shipped meets customer spec

ifications. The company has performed extensive performance testing to evaluate suitability of its nonw ovens for various 

applicatio ns. GSE Nonwoven Geotexti les are available in a range of weights to meet your specific proiect needs. These 
product specifications meet or exceed GRt GT/2, GRt GT/3 and AASHTO M288. 

product Specifications 

TESTED PROPERTY TEST METHOD FREQUENCY NW4 NW6 NW8 NW10 NW12 NW16 

Product Code GEO GEO GEO GEO GEO GEO 
0408002 0608002 0808002 1008002 1208002 1608002 

AASHTO M288 Class 3 2 1 >1 »1 »>1 

Mass per Unit Area, oz/yd1 (&1m2) ASTM 0 5261 90,000 it' 4 6 8 10 12 16 
(135) (200) (270) (335) (405) (540) 

Grab Tensile Strength, Ib (N) ASTM D 4632 90,000 (t' 120 170 220 260 320 390 
[530) (755) (975) (1,155) (1,420) (1,735) 

Grab Elongation, % ASTM D 4632 90,000 (f 50 50 50 50 50 50 

Puncture Strength, Ib (N) ASTM D 4833 90,000 if- 60 90 120 165 190 240 
(265) (395) (525) (725) (835) (1,055) 

Trapezoidal Tear Strength, Ib (N) ASTM 04533 90,000 (t' 50 70 95 100 t25 150 
(220) (310) (420) (445) (555) (665) 

Apparent Opening Size, Sieve No. (mm) ASTM 0 4751 540,000 (f 70 70 80 100 100 100 
(0.212) (0.212) (0.180) (0.150) (0.150) (0. 150) 

Permiltivity, sec1 A5TM D 4491 540,000 ft' 1.50 1.50 1.50 1.20 0.80 0.70 

Permeability, em/sec ASTM D 4491 540,000 ft' 0.22 0.30 0.30 0.30 0.29 0.27 

Water Flow Rate, gpm/ft' iVmin/m') ASTM D 4491 540,000 ft' 120 110 110 85 60 50 
(4,885) (4,480) (4,480) (3,460) (2,440) (2,035) 

UV Resistance A5TM D 4355 per 70 70 70 70 70 70 
(% retained after 500 hours) formula tion 
Rol! LengthH

), fl (m) 600 600 600 300 300 300 
(182) (182) (182) ( 91 ) ( 91 ) (91 ) 

Roll Width"', (t (m) 15 15 15 15 15 15 
(4.6) (4.6) (4.6) (4.6) (4.6) (4.6) 

Roll Area, (t' (m') 9,000 9,000 9,000 4,500 4,500 4,500 
(836) ( 836) ( 836) (418) (418) (418) 

NOTES, 
• Tho property VOJUB5 listed ore in weaker principal direction . AU values JI$ted ore Minimum Average Roll VoJue$ (MARY} except apparent opening size in mm and UV 

resistance. Apparent opening size jmm) is a Maximum Average Roll Value. UV is 0 Iypical value . 

• 11JRoillenglhs and widths hove 0 tolercmce of % J %. 

05037 NW R06I30J01 

This infOflnclion is providad foe. reference PU(~ only and is 001 intended as a wOlfonty or 91,101"0nl98. GSf oS$IJme~ no liability 11'1 connection with the 1/$& of this Informolio~ . Piw!.e check willi 
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Product Data Sheet 

GSE STANDARD PRODUas GSE FabriNet Geo(omposites (Double-Sided) 

GSE FabriNet geocomposite consists of GSE HyperNet geonet heat-laminated on both sides with a GSE nonwoven 

needlepunched geotextile. GSE HyperNet is a 200 mil thick geonet manufactured from a premium grade high densi

ty polyethylene resin. For the purpose of lamination to geonets, GSE nonwoven needlepunched geatextiles are avail

able in mass per unit area range of 6 oz/yd' (200 g/m' ) to 16 oz/yd' (540 9/m' ). GSE FabriNet geocomposites are 

designed and formulated to perform drainage function under a range of anticipated site loads, gradients and bound- . 

ary conditions. Index properties for the product are provided in the table below. Please contact GSE for further infor

mation regarding performance under site-specific conditions. 

Product Specifications 

TESTED PROPERTY TEST METHOD FREQUENCY MINIMUM AVERAGE ROll VALUE") 

Geocomposite 6oz/yd' 8oz/yd' 10oz/yd' 

Product Code f42060060S f42080080S F42100100S 

TransmissivitY"', gaVrnin/ft (mljsec) ASTM D 4716 1/540,000 ft' 0.48 (1 x 10') 0.48 (1 x l 0") 0.43 (9 x H[,) 

Ply Adhesion, Ib/in (glcm) ASTM D 7005 1/50,000 ft, 1.0(178) 1.0 (178) 1.0 (178) 

Roll Width", It 1m) 14.5 (4.4) 14.5 (4.4) 14.5 (4 .4) 

Roll Length"', It 1m) 230170.1) 200160.9) 190158.0) 

Roll Area, ft l (ml) 3,335 (310) 2,900 (269) 2,755 1256) 

Geonet core") 

Transmissivity/bl ga l/min/it (m1!sec) ASTM D 4716 9.6612 x 10" ) 9.66 (2 x 10") 9.6612 x 10 ') 

Th ickness, mil (mm) ASTM D 5199 1/50,000 It' 200 (5) 200 (5) 200 (5) 

Density, grern' ASTM D 1505 1/50,000 II' 0.94 0.94 0.94 

Tensile Strength (MD), Iblin IN/mm) ASTM D 5035 1/50,000 It' 45 17.9) 45 (7.9) 45 (7.9) 

Carbon Black Content, % ASTM D 1603'/4218 1/50,000 It' 2.0 2.0 2.0 

Geotextile (prior to lamination)'··) 

Mass per Unit Area, ozJyd1 (g/m2) ASTM D 5261 1/90,000 It' 6 (200) 8 (270) 10 (335) 

Grab Tensile, Ib (N) ASTM D 4632 1/90,000 It' 170 (755) 220 (975) 260 (1,1 55) 

Puncture Strength, Ib (N) ASTM D 4833 1/90,000 it' 90 (395) 120 (525) 165 (725) 

AOS, US sieve (mm) ASTM D 4751 1/540,000 i(' 70 (0.212) 8010.180) 100 (0.150) 

Permittivity, (sec') ASTM D 4491 1/540,000 it' 1.5 1.5 1.2 

Flow Rate, gpm/ft' (lpm/m') ASTM D 4491 1/540,000 It' 110 (4,480) 110 (4,480) 85 (.3,460) 

UV Resistance, % retained ASTM D 4355 (alter 500 hours) once per formulation 70 70 70 

NOTES, 

• IclThese ore MARV values thai are based on the cumulative results of specimens tested and determined by GSE . AOS in mm is a maximum Ollsroge roll value. 

• IblGrodient of 0.1, normal load of 10,000 psf, water 01 70" F between steel plales for 15 minutes. 

• 1t1Roit widths and lengths hove a tolerance of :I: 1 %. 

• IdlComponenl properties prior to lamination. 

• ~IRefer to geolBxlile prodUCT dolo sheet for additional specifications. 

• ~Modif;ed, 08018 FabrineT AOlJ07108 

Thh informolion ;$ provided for rehlrence pu'pose~ only and is not [nle-oded os 0;1 worronly Of gl.KlfOni68. GSE assumes no liability in connoedion witt. ,he 1J1e of this Inlotmolion. Plea(,<! check wilh 
GSE For currenl, standard minimum quality assurance procedures and ~pe<:!ficahoM 
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REFERENCE 
MANUAL 

rhe information provided in thi~ manual has been compiled by Poly·Flex, Inc. and to the best of our knowl
edge ac:cur,.!te!y represents Poly-Flex polyethylene geosynthetics. nlls information is offered without warranty 
Final determination of the ~uitability of any information or products for the u~e contemplated and its manner 
of use is the sole responsibility of the end user. This information is subject to change without notice, 08/06 
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POLY-FLEX LINER SPECIFICATIONS 

1. GENERAL REQUIREMENTS 

1.1 Scope 

The following de~cribe, pMilmeters for thfi' manufacture, supply, and imtallation of Poly-Flex polyethylene geo
membranes. All procedures, operatlonl, and methods shall be in strict accordance with the engineer's specifica
tions, plans, arid drawing> 

1.2 Qualifications of Contractor Work Activities 

1.2.1 Manufacturing 

The manuhlClurer shall h~ve at least live (5) years continuQ\.i~ €)(perience in manufacturing polyethylene 
geomembrane and/or experience totaling 10,000,000 square feet of manuf~ctured polyethylene geomem
brane. 

1.2.2 Installation 

The in,tallation contractor shall be the manufacturer or a dealer trained to install the mallufa(turer'~ geo
mcmbr'lne. 

Installation shall be perform~d under the constant direction of a field instali<ltion ~lJpervisor who shall 
remain on site and be responsible, throughout the liner installation, for liner layout, ~eaming, le~ting, 
repairs, and all other activities by the Installer. The field installation \upcrvisor shall have installed or super. 
vised the imlallMion of a minimum of 2,000,000 squ<lfe feet of polyethylene geomembrane. Seaming shall 
be performed under the direction of a master seamer (who may aho be the field installation supervisor) 
who has seamed a minimum of 2,000,000 ~quare feet of polyefhylene geomembrane, llsing the same 
type of ~eaming apparatm ~pecified for thl, project. The field installation sllpervi~or and/or master seamer 
shall be presenl wtlenever ~e<lming is pNform0d. 

1.3 Submittals 

1.3.1 Manufacturer 

The manufacturer shall provide the following informati{ln· 

A. Submittal,. with Bid Documenh 

1. List of male rial properties. 

2. M<lnufacturing quality ({)!llral program. 

B. Submittals After Contract Award, Prior to liner Installation 

1. Copy of quality control Cl."rlificate~ issued by the resin supplier. 

2. Copy of quality control cerlific<ltes for the geomembranes in conformance with Section 
1.4.3. 

POLY-FLEX LINER SPECIFICATIONS 

1.3.2 Installation Contractor 

The installer shalt provide the following written inform<ltion· 

A. Submittals With Bid Documents 

A list of completed f"cHilies, totaling a minimum of 2,000,000 square feet, for which the 
installer has installed polyethylene geomembrane. For each installation, the following 
information shall be provided: 

a. N<lrne ilnd purpose of facility, location, and date of in~tallafion 

b. Name of owner, design engineer, rnanufactmer, and name and telephone number of 
contact at the facility who can discuss the project. 

c. Thickness and quantity of the installed geomembrane. 

B. Submittals by Successful Bidder Prior to Commeneemt.nt of Installation 

1. Proposed install~tion p<lnellayout. 

2 Resume(~) of the field imta!!al:km $upervivJr and master searner. 

1.4 Meeting 

A daily meeting 5hall be held at the work area just prior to commencement of the work to discuss work activi
ties. The earthwork contractor, the liner in~titHer and the inspector shal! be present 

1.5 Warranty 

A written Warranty shall be obtained [rom the manufacturer (for ma!erial) 3nd ttle install~ti(ln contractor (for 
workmamhip). These documents ~ha!! WMr~nt both the quality of the material and workmamhipfor a specified 
duration of time 
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POLY·FLEX LINER SPECIFICATIONS 

2. MATERIAL SPECIFICATIONS 

2.1 Materials 

1. llle grometnhr3M~ ~han b~ High-[)emily Polyelhylcrlfl (HOPE) or Linear Low D~r'slty rolyelhylene 
(lLDPE). 

2. Ga~ket 1Tl~lerli!.1 ~ h~1I be neopr!'ne, dowd c!'!11 medi\lm, 1/.·lnch thick, 2 inches wide with <ldhesive on 
orle side, or other compatible gasket rn.ateriab ,1:5 required. 

3. Metal battens or banding lind harm'Jart' ~hall be stllinleu ~leel. 

01, Water CUI-off ma~tic shall be Neoprene FI,nhing CemeOl a1 ~\rpplled by Poly-Flell. Inc., or as required. 

S. Se.dant ~hall be Ge~',)1 Electric Silicone, RlV 103, or equivi;llent . 

2.2 Geomembrane Raw Materials 

nle gt'omt'mbrllne ~hllll be m.tnufiKtured of poIyelhyltme rc<;if\s produced in the United Stiltt'" lind shall ~ 
COlTlpOllnMd ~nrl rnanufactllfed Ipecifl<allyfrn the inlCnrlPd pu'pose. The felin manU!3(\tncr shall certify each 
lot for the follow.ng p,o~rt;es. 

The na tufal polyethylene resin without the Glrbon black shall meet the 'ollowing requircmellu: 

Propeltv Tes t Method HO". LLDPE 
R!9llir!mllll! B!I9lo!ir~mefl!s 

DenSIty, 9fcc ASTM D 1 505 or ASTM D 792 0 .93.5 • 0.940 0.9 15· 0.926 

Melt Index, 9(10 min. ASTM 0 1238 <0.4 <0 .6 

2.3 Rolls 

n'e g~!)membr;lfle Iha!! be a mininlum 23 .0 ft ~eamhm width, as l11anllfactured by Poly.Flex, Inc.. (.7.000 W 
Mat~hall Dr., Gland Prairie, TX 75051, 888-765·9359). Carbon black shall be added to the 'e~ln It Ihe resin j~ 

not compounded for ull"Il·violet 'e~i.\tance. 

The ~urf,,('e of the smooth geomembrilne ~hilll not havt'! mlll\iom, rou9hn!!S~, pinholes, or bubb le~. 

The gt'Omem\,)r')nl! 1110111 be Sllppli('d in roll~. Lab~b on each ro ll sha ll identil)' the thickness of til(!; materiill. \.he 
length and width 01 !.he roll, lot a.nd toll numbe,s, and n .. me of rnanufatlUrer. 

The geomembrane rolll shaH meet the following speciflcaliom.; 
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SMOOTH HOPE GEOMEMBRANE 
ENGLISH UNITS 

Minimum Ax~m:~g!: ~alu!:~ 
Property 

Thlckn'm. mils 
mll'1lrn<lm ~ve. ~9c 
lowest individliJI rc;Jdlng 

Sheet De,,~ily. glee 

T~n \ll~ I',opertlll.~ 1 

1. )'!tld Strength, Ib rin 
2 Blnk Slrer>glh, 1\)/1" 
1. Yltk:! ~IOTlyat;on, "" 
4 BIl!3k Ut,"yalion. % 

Oxidative I.,duction fime (OIT) 
~t;andard Oil; mi"IIIf!~ 

Test Method 

ASTM 0 SII111 

ASTM 0 nOS/D 711l 

ASTM D 6693 

ASlM 0 ll»t 

ASTM D4B)J 

MTM 0 5l\1J (App.) 

I\STM 0 1603 

ASTM () 559(; 

A'ITM 0 3895 

Oven Agl"9 at 8S' C ASTM 0 SlZl 
High P,,::nu.e OIT . 'II> I(!tained after 90 d aY!' ASlM 0 S68S 

UV Resi5t~ I"I(P'!i GRI eMil 
High Pressure 0lT6 _ % r~tdil1~d arW 1600 11.... ASTM P 5!\S5 

Seam Pro pertk:J ASTM D 6391 

1 Shea. Strenglh, Ib/in 
2, p~ Slnngth, fb/ln· Hot ~ge 

Ron Plmensiom 
1 WId,h (Ieot.t): 
2 lengtf\ (teet) 
1. Are .. (~.re fee!,): 

. ulnnkm Fillel 

4. Grou W4"ight (pounds, approx.) 

(@1ill/min) 

30 mil 40mi! 

30 " 27 l6 

O.\I~O O,\I~O 

" •• 
11< 152 

" " 700 700 

21 " 
" 72 

]00 ]00 

2.0 ·).0 2.0 - 1.0 

1110 100 

" " 
50 sa 

57 " " " 39 " 
21 2.1 

1000 750 
23,000 17.2S0 
),470 3,.70 

60rull 80 mil lOOmi! 

.. " '00 

" " '0 
O .II~O O.II~O O . 9~O 

126 " . 210 
228 ~O~ ,"0 

" " 12 
700 700 700 

" " 70 

'0' '" 1110 

]11. 300 300 

2.0·).0 2.0 · 3.0 2.0· 3.0 

-Note ..... 

'00 100 100 

.0 '" '0 

50 50 50 

120 160 200 

" 12' 151 
78 'd • 130 

21 7.1 21 

500 37S ]00 
11,500 1I,62S '."'" 
),470 3,.'0 J,470 

MoloChioc tlio'«t\Oo'l (MD) Ir>tl O<>.SJ "....,h .. ~ dnecllon (XMDJ ;JVC'.~ .. ab¢l.lhou'd b~ 01> Ihe bM Of S (HI s»tdrnto~ «"h dlrft;tion 

YIcld ~10''9~''0>\ i) ,..a..."J>l\'d In\r,!:!' 9."9" )",>gth d. 1.3 '"dM:>; 8Ic"", ~""'!:/'I""'" {~ku'.o'[.., .... "'9 D 9'U9\' ¥,!:/Ih Q/ 2.0 ~,(hn. 
"T'htc~ lu..n"~ ..... ulwl..le In" applkd 1o.od "",.n" W-NClt WI .mukJ be Ihe mun v .. " vii MQC It'U"9 
Othtr I>lt1.ho<h MoU! ~ AS1M 04118 orf'Picmw.Jvo: mrth<Id, "" ""ffII"ioo: iI M> ~JlI'l"OfIri,'I! tOf'l61t\Qn , ... b!' n ... b~l>td. 
C..t>on ba.u.dh", .. ~ , ... 10 <IiIf ................. Nirn-in Cdl~9<>"~> I ~r>d 2 wilt> ~ ~Ir>GoI....,.'Y 1 
n... cCl<ldi<.lo" ull~ Itll 1'-'kI be 20 III. IN <yd., al lS"e ~ by ~ h .. , .. ndt:"I~"'" II6O'C. 

, I,J\I ,~ .. t1C<! h b;IS~ 01'1 pc<tt't'll .tWrW v.okoe ~ordI= oIlh .. OIIgio'aI "'..Q1 v~""". 
~ <.1 ..... 11 r,r(.M<kll lor lnformMk;.t>" IIUf~ "''''1' ~nrl;" noI "'I~"""d '" I Wi"'"""' ..... yo.>r.to"I ..... 'oIy-I'~ ~ .. wmo n .. A:"f"""IM.)" 
In (0"""""0" ...;0, U"-lIM oJ 1:1.1 .... " . """" ~ak>e1.., ~ to d ... '9O' ~.1ObQ.. RfV 11/06 
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SMOOTH HOPE GEOMEMBRANE 
METRIC UNITS 

Property 

Minimum Average Values 
Q,75mm I.OOmm I.SOmm 2.00mm 2.50mm 

lhkknen, mfCf()~ 
ml"lmu'" J"erag! 
lowest Il1dlvirl\j~' re.,(/;',!} 

S he~t Det'lllty, glee 

Te tn lle f>rop~ .tlu 1 

1. Ylc!d Strp.ngth, kN/1n 
2, Bro~ Strength, kNlm 
3, Yield E lo!'g~tkln, % 
4. B.u.k [lQng,rion, 'it> 

runClure Re;lnaoct, N 

O~irl.,\iv~. I"du'hOl"l 11m/! (Oil) 
~\ilnd~rd OIT, minute!' 

ASTM [) 5199 

AS1M D 1505/0 791 

ASTM 0 6693 

ASTM 0 1004 

MTM D 4833 

ASTM D 539; (App.) 

ASTM D 1603 

ASTM 0 5596 

ASTM 0 3895 

O>,cn AgU1!J ~tgS'C AS1M D 'in1 
High ~r~m\J,e OIT • % ,et./lined ~fter 90 day.\ ASIM 0 5!185 

UV I\es lstance's GRI GM11 
l 'll~h Pre~sure 011'6 _ % re (~;,,~rl .(t~1 1600 hr~ ASTM D 5885 

Sellm rr0l1 c.t1e ' 

1. Shed' St' el'l\llh, ~N/!11 
2. Peel Strprrg lh, kN{m • Hot Wedge 

. r:xm.~~)n f iRe! 

Ro ll Oimll",i'lfIs 
1. Width (mcte.~): 
l.l.ell9th (lTll!tf;n) 
3. Aru (S!lUII'/!; meter1)' 
-t . GrO~j weight (\ ilogranl!o. ~ppru".) 

ASTM 0 6392 
(@5em/min) 

750 

'" 
0,940 

" 20 
12 

700 

9l 

'" 
300 

1,0 - 3.0 

'0{) 

80 

50 

.. 
7.' 

••• 

3049 
2.137 
1,S74 

1,000 
90{) 

0.940 

" " 12 
700 

'" 
32. 

30{) 

2.0 - 3.0 

' 0{) 

SO 

" 

" 10.S 

9. ' 

7 
278,7 
1,60) 

l,S7'" 

1,500 
1,3.50 

0.940 

22 
40 
12 

70{) 

187 

,,, 
30{) 

2.0·3.0 

--Nl:lte 4-. 

... 
"" 
SO 

" 15.9 
13.6 

\52.4 
1,068 
1,574 

2,000 
1,SOO 

0 .940 

29 

" 12 
70{) 

'" ... 
300 

2.0·1.0 

... 
80 

" 

" 7.1.2: 
lB.2 

114.3 ... 
' .51~ 

2,500 
2,150 

0.940 

F 

" " 700 

'" 
BOO 

300 

2.0·3.0 

'00 

80 

SO 

" 26.4 
22.8 

7 
905 .. , 
1,574 

tJ.ao:tmQ dired'o<, (MOl 8rd ""'~s machine <li.-ccfu. (XfoAJ) """<8<JO valws shorld til: .... IN! bam ot 5 tc!l1 sp<:dmens sach dlrcdlon 
Yli-Id ~<1I'iI~60n Ie ~!<I ''''in:la!J<Jt.l;ll! \engIh 01 33 rrrn; B'ook elcJrY,j;lllon .. <:IIlcuI3Ied IIS~ a {laUSl'l' 1t<.yh 01 ~ ....... 
1ho 'f'dd s'I~&~ .~ 1<1 c.,!culn1e 1(>., llpplio:<:! k>a<t!or!he SP-NC1l. tf!S1 should be \ha 1TIIIl\II value. 'Ii<! MOe 1<l"SIIng. 
0IIl8r tr\e~ ~~ 3$ ASTtJl 0 42 ,8 or micrnwave md l'Xko;uo ~3tn h an ~l'PropnOltl ~neLa\lOO'l tan "" ""'3~e(l. 
carDOn tria-=" ""'P~ 1<>, 1(1 offl"'~nt;ticws: w.n.. in Caleg<lr1es 1 3"" 2 will> e"" ~ in Clilegory:". 
Their CtlIldi!Io<l 01 11>0 lest YouIcI be 20 .... _ lIV <Yd<> ;It 1S'"C foAowe<l by ~ lit. too><k~ al M'C. 

6 W ... t l'JlaOC1lIs baood on I'''!teen! Il!lai!lod ..."lle rqga.rl\cSll 01111<1 originaJ HP..otr whl 
lhiri data ill p<QVIdeod lot _,I(),,,,,,r;OU ;ll ll"fp<>SeS o.-iy,.,-.<I is n<>l in1~ '" a y,-a.m.nty Of ;II~fanl9&. ~·Fl9~ . ItI(:.II~SlmlI5 no ,~t)' 
In ctlmnc","," '1\-11" rtre IPSe 011"'" Iiol~. l~ valu$.< !lf<)...trjcct 10 change ~ nolicll REV. 11106 
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TEXTURED HOPE GEOMEMBRANE 
ENGLISH UNITS 

M inimulD Average Values 
Propcrty 

Thid,nesl, mils 
I'l1It1imum IVe!";lg~ 
10weillndividual ot II 01 10 rea(/in9s 
lo~.t individ lml Ilf 10 readings 

Sheet O~nsity, '3/{.c 

1. Yip, 1d S tl~ngth, ib/ill 
l.Break ~uength, Ib/in 
) . Y,eld [lQ[1961;On, % 
4. 8reJ~ Elonga lion, % 

Tur R,QsistAnCt. Ib 

Puncture A:~~m""e, Ib 

Carbon Black Content-4, % 

Ol(ldallve Inductk.rn Time- (OIl) 
Stdnd~ld On; mmute, 

ASTM D 5994 

GRI GM1l 

ASTM D 1505/D 7'Jl 

ASTM D 6693 

ASTM D 1004 

ASTM [) 4833 

ASTM D 5 397 (App.) 

ASTM [) 1603 

MTM 0 5596 

ASTM 1) 31195 

Ovcn Aging at ISS' C ASTM D 5721 
High I't e ljure O IT • % retair>ed aftcr 90 day! ASTM D 5885 

UV Relislan(Q6 GHI GM11 
High Pt es~u,e 01'1'7 • % re lained aller 1600 hI! ASTM D 5 8 85 

Seam f'ropcrtles 

\ . Shur Strength, Ibr,o 
2. Peel Strr rrgth, !btln - Hot Wedge 

Roll D!,"~nlloM 
I. Width (lee\)' 
:I. length (leaC) 
3. Area (&qll(lfe feel): 

• u1J\Jsion ~illet 

4 . GJO$S weighC {pooncK. 6PP'O~ .) 

ASIM b 6392 
(@7. in/min) 

0I10~; e...nl be .. 7 mils a nd kMesl lndMd;.Jai '1!~ding '1Mi\ be .. S.niIs 

40 mil 

" )6 ,. 
.. 

0.9~0 

84 

" " '00 

2. 

" ... 
l .0·3.0 

, .. 
80 

so 

so 

" " 
23 

"" 17,250 
3,500 

60 mil 80 mil l OOmi! 

57 76 " " 72 " " 68 " 
" " " 

0.9-40 0. 9~0 0_940 

'" '" no 
90 17.0 ,SO 
12 " " '0{) ' 0{) ". 
<2 " 70 

90 ' 20 ". 
30' 300 300 

2.0 · 3.0 1.0 ·3.0 2_0·3.0 

-NoteS_ 

'" "0 "'0 

80 80 " 
so so SO 

120 ,eo "'" 
" '" '" " '" no 

23 23 23 
500 '" 300 

11 ,500 8,625 ' ,000 

'.500 3,470 3,470 

=~~~~~~~=,,:"~D=~~~~e~~~;=~'!r";.~!'t..,"'!"'" 
The ~eId $!less und \Q r:alr;tM.I,,!he al'!'liOO load lor 1IH! SP-NCR ~ should be the mean value VIa MOe ~Iing. 
Other I"I'\ethodl wc:tr lIS r\STM 0 421f1 0< ~ J .... "'Ihod$ "'" """"pbble if ·f'" lIPJ1fO\1rl:1ro correiullofl eon I:>e e"$1~bllm.:d. 
Ca:bon bIB.:k <IiW~nIcrn lor 10 tbf\"' ell\ ~ tfue- in Ca!~ I ,"Id 2 'Mm oncr .. .oM in c"te(lOlY 3. 
Tl1& tendlllofr 01 1h\llm oI\cMc! ba:lO hr. UV <:yde at 75'(; 1oI""""1'l1ly 4 hr. c~OOn al 6(!"C. 

7 UV """,tJIW::" Is bJscd on po.eMI n:rta!OO<1 value tC!J3'dIcw ol1he oogtna1 HP-OIT ..... ""'. 
This dallt 1.11 \lfI'l\IIde4lO, InIormatkl'lilll"JfJ".cse~ only .. rd ~ fl<ll. \<r!ende <l as a WJ ITMly Of 9113'°"'°1. f'oI)' .FIa~, 11I(".IIS.1tllmm no .-espQnSibr'~y 
In Coo:rnr)Ct\oI1 ... lIt\ \trO vsc 01 ~ dM"- ,"",$(: ~5 are sutrjf"-ct 10 dlar-.ye WlIt>DYI ~.a. REV. t 1..0& 
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TEXTURED HOPE GEOMEMBRANE 
METRIC UNITS 

Minimum Average Values 
Property Test Method 1.00 mm 1.50 mm 2.00 mm 2.S0 mm 

Thlckn(!!$, miClon~ ASTM D 5994 
minimum a\l~'ilge 95O ',425 1,9(10 2,375 
!Qwest 1I'1d!vi<:l\f~1 01 8 of 1., '"adirlg~ 900 1, 350 1,800 2,150 

loweSI indivi dll'll 01 1 (I 'e~di~s 85O 1,275 1,700 1,115 

Asperlt»' Height', mrcronl CRI GM12 250 25O 250 25() 

Sh,,~t De ll ~ily, glee ASTM D lS05fD 792 O.9~O 0 .940 0.940 0.940 

Tensile pr"p~ .tle, 2 ASTM D 6693 

1. Yield Strel'l9th, kN/m IS 22 " " 2. B!ea~ 5tr~n9th, kN/m 11 16 21 " 3. Yf~rl UongMi(ln, % 12 12 12 12 
4 . B.eak EIo"9~Ii<>". % 100 100 100 "0 

Ie..,. Re)ilt~nc;t, N A~TM 0 1004 '" '" '" 311 

Puncturt. Resill,' OCe, N A~TM 0 4833 '" ' 00 SH .., 
SltW CNlCk ReliIt3nCf!3, hI! ASTM 0 5397 (App.) 300 '00 '00 '00 

Carbon 8111(~ Content"', % ASTM 0 1603 2.0·3.0 2.0· ' .0 2 .0·3.0 2.0 -J.0 

Carl'KH1 tlla(~ Dr.rl'''il:Jn AHM 05596 _"S-
O)(id",\~ In,Jtt(11o" Time (OIT) 
~t~ndard OIT, minul~ A5TM D 3895 100 100 100 100 

OV1!n Agi ng at 85'C ASTM D 57.21 
High rrel\<nF. OIT · % r~\aintd ~f!~r 90 d~y-; ASTM 0 5885 80 80 80 80 

lJV !\CI II\ante6 GRI GMll 
11 ;911 PrelSl.rTr. 0 lT7 • % '~ta'Md ~It~r !6oo hn ASTM D 5885 SO 50 SO 50 

Salim Propertl\!.\. A5TM 0 6392 
(@5cmfmin) 

I. Shea! ~u~n9th, kN/m 14 24 " 35 
?. Pet'l Sl~nyth, kN{m - li(lt Wedge 10.5 15.9 2 1.2 26.~ 

• Extn.lli<Jn fil~t 9.1 13.6 18 .2 22.S 

RIIII Dimc " ,ion, 
I . WIdth (~fer~l ' , , 
2. Lr.ngu. (1TH!Ier~l: 228] 152.-4 1143 91.5 
3 Area (squall' ml!tf'r~): 1,603 1,068 801 6<1 
4. C !on weighl (lIilo grlllTl'!, .. ppm>:): 1.588 1,588 1,57~ 1,574 

0110 ,~a>:Jr~ 8 "'<.lSI be ~ 180 1'"1kIDrl'i and 1O'~!ol io>dMcIuGI ~ r<u&1 be .. 130 mIr:oon!t. 
~ dl!OOll!n (Mll) 1I>"l1 .,.,n machin" ditccbon (lCMO) ~~" 'r.lIoos should be I>IIlh" ba.", 50 lest SJledme"~ ,,;"let. Oirection 
"let! ele,",:)ollon G e:llC\Ai1tc<l "sin? II 1J'Il1',I~ II>ngI.h of 33 rrrn; B, .. ak e\or"ig;ltioo iii Co1Icti1:>1e(1 iJSIr'g a \l3U9Q IcrgIt> (II 50 mm, 
Till yklkI ~I'\"'$ used ItI " .. lcuI:lle!he applied bad !oriM SP-N{;Tl ~!>hauI<.! be tilt meanvalua vb MOe IWin!J. 
Olher ITIClhods suo:t> as A.STM 0 4218 01 rnic!Qwavc mellmlfs 3'" a<:<::<"pIatk ~ iIflllflprorlll.llft coool;ltioo tIIn b\I es!allllst1ed. 
Cu,1)OI1 N.lf:li: dh-plI'sIcn lar 10 o:\iIforon\ ,~- N..., t. Galegcrie-!: I ~ro 2...", Of!1 ,,_ .. <t in C:llol1~ry 3-
I lltl COfldl!j QOl 01 d'G 11!S1 ~(kJd bto m N.W C'{d<I at 7S'C 10t0wed hV" hr. condt!nsallon 1I16CI"C. 

7 W ~<r.1"" hi ~~~d On ,,~r.;c'" ,~'aint.od "3)-", tp.9"'''*'-''' o! l11e OfIgO'ml ~1f>..oll Y(liuc 
TI~i dalll" p~ r.< 1nla"""!Ior1<l1 P...-p<JS<!S only ,,,"' ... nol"","""", a~ a ""''''''''IY or gu.' ''''l\oa. f'QIy-""'~ I ..... h 1''''''''- 00 fC~IY 
In cnf!fl<'!(:Iion wiII11h~ .... ' of ~~ d~l;"l. Tl,.,,,,,, ~ me subjed to ~ W;~""'\ no1lce. REV. 11/00 
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SMOOTH llDPE GEOMEMBRANE 
ENGLISH UNITS 

Minimum Average Values 

Property Te5l Method 30 Mil 4(l Mil 60 Mil 80 Mil 

Thi(~(1e>~, mill ASTlvID5199 

mi"lrrUII1'1 avefilge 30 " 60 80 

IoI'Vl!'$t if1dlvldu~1 ,."di"g 27 " " 72 

Sheet Del'lSity, glee. (ma~.) ASTM D 1505/0 792 0.939 0 .939 0.939 0.939 

TcrnU" Prope rties' ASTM D 6693 

1. SInk Stre"9th, IbflJ'l 11< 152 '" '" 1. Bl1!ak EleJl'l9Jtion, % 800 800 BOO 800 

I 2% Modult' I, !b/lnl (mall:.) ASTM 0 5323 60,000 60,000 60,000 60,000 

Tt<lf Rt.~htal\(e, !b ASTM 0 1004 1. 22 " " 
i'U'\(ti.llt. Rt!.klantt, Ib ASTM 0 4833 " " " 112 

Ad·5YlT'ctri!; I!.reak Strain, % ASTM 0 5611 3. ., 
" '0 

Ca,b QTI Bt&ck c.:onlent2• 'I(, ASTM 0 1603 2.0 - 3 .0 2 .0· 3.0 2.0 - 3.0 2.0 ·3.0 

Catho-n Hktc.k Oi~pt:11ion ASTM 0 5596 -"'" 3-

O~ldal~ Ind \lctlo n 11me (O Il) 

S' lIndard orT, mlIlUIt<> A~TI"vI 0 389S 100 100 100 100 

Oven Aglpg .II 85' C ASHA 0 5721 

lilgh I" ~m)! e OIT _ % re tained ~fter 90 day1 ASIM D 5885 60 60 '" 60 

UV Re!i\Idr'IC ~ 4 GRIC,MI I 

High P!~~5U re 0115 • % ! el ~in td ~lter 1600 hrs ASTM D 5885 " 3S 3S 35 

Sum Propl'!ttiu ASTM 0 6392 

(@2infmin) 

I. Shea! Strell9th, Ibltn " 60 90 120 ,. Pee! Strenglh, Ib/in . Hot Wl'<lgf " SO 7S 100 
_ E)(lr\l~ion Fillet H " " " 

Rll fl DimensIons 

I . Width (leeO: 2l 2l 23 " 2. lengU. (feet), 1.000 730 500 375 

3. N~ (s,quatl! feet)· 23.000 11,250 11 ,500 8,625 ,. G.on \Veight (pounds, appmx.): M3S 3,435 3,<135 1,435 

"",..;hI.>\, d n clioo (MOl An<! tTO'l' ml<;hiM.di,.-.:tion (ltMO) ~~ ~~ 'ohooId ~ 0<> Ihe hWI 01 S 1"11pf'~~ H<J1 dMd"", 
~ .-1(,,'9_' 1110<>11 <.>kub~cd """9 J 9;'''9'' length of 2.0 irodlr:!. 0."'" " .... ·,hoo:l< \oR" "" A,!i1M 0 4213 ormX:IU'l'r.l"" ~..,.., K<lJ'I''"''''' ,I .on "'f'J.l'Oflt'~l~ to". ~"' ''''' , ... b<: 1!"Il.ohfi-!"~d. 
Cwb6l\ bLol \ cfo'l",,,\an lot 10 dilf ... mt"¥\<:wl: Ni"" on CaI"9""'" 1 dnd 2 wit" ~ ~ in C'II"""'Y 3. 
The ~"""'''''" '" tho. t6t ,ho:>ooltl be]{J h._ w ~Y<-"'.t 7S"'C lo~ by. ,,,. <:U!\<WM"';"" ~t 60"(. 

5 VI 'tcSlll.a!K~ b ""Ie<.! .... JH!r<;t"nI I"<',.-w-I ~"" f1'g",-dl"" <A ,"" '-'ri9tt'"' l·tp.OlT v_'Il. 
ft,l) d.U Is p~.-ido-d I,.,. kll","' .. ',"n.! f""P""'" only ,,,,,I is ""'\ In{~,,d.d ~, ~ ....... ~nty o. 9I"",,."'l~ ... I'oIy·flo. II", . ""~I " " !C'p""'obilly 
in (OU'>«1tOn wtth t~ m e o! <hil d. la ~ "".,,.,. "'" "'bjro ,0 ~ wllhom nQI,«. fI1:V 11 {Of> 
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SMOOTH LLDPE GEOMEMBRANE 
METRIC UNITS 

Minimum ~~mme Values 
Properly Te~t Met hod 0.75 mm 1.00 mm 1.50 mm 2.00 mm 

Thkknes.l, ,,,icrons ASTMDS199 

minimum aV~I~ge 750 1,000 1,500 2.000 
lowest ir,(iMr!\JDI r~~dln9 '" 900 1,350 1,800 

Sheet [)emity, g l ~c (mall.) ASTM D 1505/D 792 0.939 0.9.19 0.939 D.ng 

Tens1le Pro pcrtlu 1 ASTM D 6693 

1. Br~a~ Strtlngth, kN/ll1 2Q 27 '" " I. Br~a~ Omgation, % 800 800 8" 800 

2% Mml\llll~, MPa ('n~x .) ASTM 0 S3n ". .14 '" m 

T~u lIuistal'l(e, N ASTM 0 1004 JO 100 ISO '00 

Puncture R~~tance, N ASTM 0 4833 190 250 370 SOO 

kd·SymetriC Sre .. k St'liin. 'If> ASTM 05617 lO 30 30 30 

Cllban Slack (ontent2, 'I(, ASTM 0 1603 2.0· .3.0 2.0·3.0 lO·3.0 1.0· 3,0 

Carbon tllOKI!. Di,ptl'Jion ASTM 05596 -""'l-

O~d3tlv~ inr\uttion T,me (011) 

Stand3td OfT, minuk"\ ASTM 0 1895 100 100 100 100 

(Nen Aging at 85·C ASTM D5nl 
High Prcml!e OIT • ,*, let~incd ~ftef 90 dayJ ASTM D 5885 60 " 60 60 

UV Re~i~~rtCe~ GRICM11 
High PresSllre OITS. % retained aftN 1600 h r, ASTM D 5885 lS lS 3S 3S 

Seam Ptoptrtlt $ ASTM 06392 

(@5em/min) 

I. 5~~r Strength, kN/m 79 10.5 1,S,g 21.0 

2.. Peel Strength, kN/m . Hot W~dge 6.6 8.7 H.l 17.5 

- E>o.tr uslon Fillet S.9 7.7 11.5 15.4 

RoU Oimclulon, 

I . Width (mete<~). 7 

2. l en!)lh (rr>eten): 304.9 223.7 152.4 1 "' ,j 

J. Afta (.<quare 'nelct1) : 2.137 1,603 1,068 801 

4. emn weight (ki1o!Jram., olpptnJt.): 1,553 1,558 1,558 1,558 

M~"h><: ~1k:I" ('to) .... d <I'm' ",,,d,;,><: d'~ion {XMO}....-etage. v;oloJD \llOUId tM: on 11><: b~~ 01 S tut I('ffl"'t'" ~h one!"'n. 
tlruk tkl"fJ"';''''' ~ ,"In~"c'l1 "''''!! a !!."!!~ knglh of 50 ""n 
Qt, ..". ~ _" ~ ASTM D ~llli <>r m\o:""",....., ""'.hQo'k .... .K«r,>bf<-. "" "l\I'OJl<,"e c\)<trlo';"'" t dn l>t: "" • ..t~"hrQ, 
Corbo" l>I ... ~ ,,.,,,,,-.!un fu! III di!f~~,,' vi .... ,,· N~ In ('~I~9<"io 1 ",,d 2 wilh """,.II<-.d In C"' .... Y"Y}. 
~ oj .. "I""", Q/ lht ,~~ ,,,,,,,Id bo! 10 h •. W ~yde: at 7ST '''''''' ..... 0 loy 4 h. <nndl.."..,I'JI' ~l (.()'C. 

S IN ,~~" balett \If'I flt!",-enI '''l~d value regard!~" '" d,. Iltigin~ 1(,-OtT ....... I~. 
Thi\ da,I" ptO\lidodlor ("form.li<on,( 1"''1'"'''' "nly ,rni n. n"T ;"l~nrl~.j .,. w..,'''''ty Of gc .... nt~ Pvl)i·flf.\ , 11K. a ... ~ "" r~'f'0"'iNlrty 
in (OI'1f'«lion with the use <If thh <.Ia(.). T1""", ... ~ ~ ,\lI::joo<:t '''~ ..,;thoul "OUte. R~V. 11106 
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TEXTURED LLDPE GEOMEMBRANE '.fJ$iim ENGLISH UNITS 

Minimum Av~rage Values 

Property Te.lt Method 40 Mil 60 Mil SO Mi! 

Thlc.nt'~, mib ASTM 0 599~ 

minimum ~v~"'ge l8 51 " lowf:!)! i l><Jlvidull of e of 10 fNdlng. " ~, " 1ov.-eSI individual Qf 10 reading> " " " 
Asperity Height 1, mib CRt GMll 10 10 10 

Sheet Density, 9/l~ (m~)I,. ) ASTM D 1505/0 792 0.939 0.939 0 .939 

Temile Prop~rU~s2 ASTM 0 6693 

I. Bru~ Strength. 111{in 60 90 no 
2. B.eak ~ 1or>9. !lo", % ,SO ISO 'so 

2% Mo(\ul\l<, Ibf\n2 (OWl(.) ASTM 05313 60.000 60,000 60.000 

Telll Re~;5till)C:e. Ib ASTM 0 1004 " H 44 

PUTKtUfe Res~t:ance, lb ASTM 04831 .. .. 88 

AlIi-Sy~trk Break Suain, 'It> ASThl05617 30 lO 30 

CII.boo 8I.Kk Content3, 'I(, ASTM 0 1603 2.0· 3.0 2.0 ·3.0 2.0 - 3.0 

(,nbo" Slack DUpeuion ASTM 0 5596 _Not~4-

O~ldat~ Ind uction Time (Off) 
StaMM.! OIT. minutes AS1 M D 3895 100 100 100 

Oven Agln!) at 85' C ASTM 0 5711 

l'lig ll Prc~~u l'i: OIT. % fe.t~ il1td after 90 d~y~ ASTM D 5885 60 60 60 

UV Re)isl.ann5 GRI C-MII 
High Preuurt 01T6 . % retained ~It~r 1600 hr5 ASTM D 5885 3S " lS 

Sum rropertle, ASTM 0 6392: 
(13' 2 in/min) 

I. Shear Slrell!!lh. Ib/on " 90 '" 2. Peel Strf.nglh, Ibfln . Hot Wedge SO 75 '00 
• htr1Jllon fillet " " " 

Run Dime",lon, 
1. WKllh (!cet); II II 21 
2. l ength (Iffi:): 750 300 '" 3. Ale. (square lUI): 17,250 11,500 6,625 
4. GfOU weight (pou ... o:I.. ~PP' I)l( .): 3 •• 65 3,465 3,435 

Of 10 ro~ (I ""lSI be ~ 1 rnih 3!\d bwesI irItIivIdual re:o<ft1g It'USl f><I :. S mIk. 
M.rhi .... dn<dflll (MD) .<111 {",,< mac""'" direct",n (lIJ-.tO).-1'8!J" """,e.!to<.>ool(1 be con th~ b~k til S tefl 5p«IPIfflS eM.I, ditNIion. = ~~r:.~~h!'!~ ~~~,~~~~~~ ~i~':; .('f'l<'lbk: 11~" "'tll)tnpfl .. ,~ '''",",''"0n ~ ... , tM: e<>.->l>Il1I,f!d 
CMboo blad:. d,<p<:r>i<>n lilt 10 ciff..--~ : Nin~ in t::;Il;~g""H I W 2 WItt. OM RI\o,ym:l l" ('.-("!Y''>' 1 
Til.> (",,,WI"'" of the f<!" ,hl)uj.l "" 2ll h •. IN ';yd" dt 75'1: "'lImfl'd by. hr. ('<)I' ... ·"')1 ~.n fI /iO"C. 

Ii IN .e<htancc b h" c<f Of' lIt:'c~ .... , .... If!<:!....m... "'g,udk", of fh~ oo>gm'" UI'-Oil ~ .... ~. 
Thil d"u if pto'<'ided for inf()f'l'l'll\oo .... l P"Jl<>~ ,,'II;' 4nd i< '1[1t ;nle,,<J.d ~. v(lIq~"1)'or 9" ..... ""'''(. Ptlly·fl-!x. k . ~1<JI'>el- n" ... 'p:on<ibiMy 
it1 OII\1,«IoOfl wltn , .... uu. of \his da., • . T1lC~ v~ Me nobj<o<:.t t<> <h.1nge "";lhO,,1 nOIK<!.. MV l1{06 
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TEXTURED LLDPE GEOMEMBRANE 
METRIC UNITS 

Minimt,lm Average Values 
Property 

Thitkn ~", microm 
mi('llmnm Jvrrage 

lowest irldivitllJJI of 8 of 10 readings 
lowelt indjvid\J~1 01 1 0 re~dirlg' 

Asperity Height 1, microns 

Sheet D"mity, g/te (m~x,) 

1, Br"ak Strength, kNfm 
2. Bredk Ei0ngati0n, % 

2% Modulus, Mf'~ (max.) 

Tear Re,i\tance, N 

Punctwe Re\;'ta"c~, N 

Axi.Syrn~tri( BrNk Strain. % 

Carbon Black Contenl3, % 

Carbor! BI~(k Dispersion 

Oxidative Induction Time (OrT) 
<;t~r1da;d orr, rn;r1LJt e5 

Oven Aging at 85"C 

High Pre,.;ure OIT • % r~l~ined dftcr 90 d~y' 

UV RelistanceS 

High Pr~"ur~ onG • % rtlclincd after 1600 hrs 

Seam Prop~rtl~ . 

1. She~r SlrC"9rh, kNim 
2. Ped Str~ngth, kN/m - Hot Wedge 

Roll Dinwm;om 
,. Width (meters) 
2. length (mgtN1)' 
3. Area (''lu~J1! meten) 

• E~tn"ir.>n Fill~t 

4. Gm» weight (kil"Clr~m\ ~rrfOx-l 

Te~t Method '.OOmm 

ASTM D 5994 
9SO 
900 

'SO 

Gill GM'2 7SO 

ASTM D 1505/D 792 0,939 

ASTM D 66l!3 

" 250 

ASTM D 5323 414 

ASTM D 100~ '" 
ASTM D ~8B JOO 

ASTM [) 5617 30 

ASTM D 1603 2.0 - 3.0 

ASTM D 5596 

ASTM D 3895 '00 
ASTM D 5721 

ASTM D 5S85 '" 
GRIGM11 

ASTM D 58S5 " 
ASTM D 6391 
(@5cmfmn) 

10.5 

" 5.9 

223.7 
1,603 

1,572 

OJ 10 m'-"Hng5: 8 mils! be" 1:'10 mir.mrm and lowes! lrovidual ,ca1ing ffi\lsl he ~ no mkrons 

1.50 mm 2.00 mm 

1,425 1,900 

1,350 1,800 

1,275 1,700 

7SO 7SO 

0.939 0.939 

" " 7SO ,SO 

414 414 

,SO 700 

JOO 400 

30 30 

2 .0 - 3_0 2.0 _ 3.0 

-Note 4-

'00 '" 

00 00 

35 35 

lS.8 21,0 

B.' 17.$ 

" 11.5 

152.4 114.3 
1,068 80' 
1,512 1,558 

M.,:hi,," di,ec:;on (MD) ,,,,d ' ''''' ",.ch."o diT(C\"''' (XMD) ~vn"'P vn!"~. ,h{)uld be on (he b~$i; ()/ 5 le,t 'p",·iln~'" N<:h ,~",.<:h~" 
BT.~k ,,1o"(l,Unn i, (~!cu ll t,,,l ",ing "9'1'<)" length ,,150 m,,, 
Otlle, metl,om ".Jrn 3' ASTM 0 ~21S Of "'icrowaw. method, arc ;V(.~pt~hl~ if.n approrriill.~ (0"",1'';0,, CO" b~ £",ID!;,hed 

it~:,b,.~~~~:~)~, rl:~r;g~'~~t'~,~,~~,n~~7~'\,~.;W::J,~"t 7~~tR?~;~(:d~~: } 1~~~;;;: ,~~~::dd~'6~~~eg()ry 3 
6 lIV r",i'l~nc. "b.,,,d on por<:~nt ,et&i"ej volt"" ,.t:9",dj,,, oJ \j,~ oriQ;MI HP·OIT v,\"e 
l"hi; dO\3 i, provided !<or i~rDm1'lb",1 P'''I'''''''' =Iy ond i, MI >nl"nd~d., ~ warHnty or 9";"""'.~~ ' Paly_~!~~, Inc a'';ljm~' no ' .'IX""ihiii'y 
in (O""e(\iOfl with th~ 1'\~ of this d.t~. Th ",~ v,lue, ar~ subi~ct (0 charlgt' without not"". REV. l1i06 
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POLY-FLEX LINER SPECIFICATIONS 

2.4 Quality Control Specifications 

2.4.1 Raw Materials 

12 

A, Resin 

All resins for use in geomembrane mu,\ pass a c~ndid~te pre-approval proces~ before! being eli· 
gible for u~e. Each incoming railcar shall be ~amp!ed with the fo!!owing te~ting performed arid 
compared to the manufacturer's specifications' 

1. Density: ASTM D 1505. 

2. Melt Index: ASTM D 1238. 

3. Oxidative Induction Time (On): ASTM D 3895. 

B. Additives 

All incoming materials are to be tested and approved prior to use with the following te~ting 
performed and compared to the manufacturer'S specific~tions: 

1. Carbon Black Content: ASTM D 1603. 

2 Oxidative Induction Time (011): ASTM D 3895. 

2.4.2 Finished Product: During Production 

A. Inspection 

B. 

c. 

Performed on each roll during manufacturing 

1. Appearance 

Sheet surface appearance shall be monitored for flaws. 

2. Thickness 

A lull width sample shaH be CUI. from the end of each roll for thickness measurement. 

Roll Identification 

four tags per ro!! shall be used. 

\. Outside the core. 

1 On the core plug. 

3. On the roll surface. 

4. On the production roll sample. 

Out"of·Spec. Material 

Any roll not meeting the ~pecifiG.t.i'm for any of the above inspections shall be separated from 
other roUs and placed on hold. 



POLY-FLEX LINER SPECIFICATIONS 

2.4.3 Manufacturer's Quality Control & Quality Assurance Tasting 

A. Sampling 

FuJI width ~~mples shall be taken "''' retains from the end of ei\ell roll to the manuf<Kturer's 
laboratory. 

B. Testing 

The geomembrane ql1J!ity (ontrol te~\in9 shall meet the following frequency requirements; 

Property 

Thkkness (smooth shed) 
(l~xl:\lrer:! ,heet) 

Test Method 

ASTM D 5199 
ASTM D 5994 

A,perily Height (tex!Uf~d sheet only) CRI GM 12 
AltemMe th~ "'N\"'~n",nl l ide tor <io\lbl~·~ided textured ,hr'!! 

5lw€t Demity 

T",mile i'ropertle~ 

,. Yi~ld Strength (HDPE only) 
2. Br<.>ak Strength 

3. Yi~ ld EI""'9~ ti " t'f (HDPE "nly) 
4. Bre~k Ehng,,\;()n 

2% Morlulu\ (LlDPE only) 

Axi-Symetric Bre~k Strain (LLDPE only) 

Sir!':>, CMCK Reliltance (HDPE only) 

Carbon B!~ck Content 

Oxidativc Induct"", Time (01T) 
St" "d~t-d OIT 

Ove" Aging at 8S"C 
High PrcHure OIT 

UV R~,i~t~nc" 
High PrCI,ure OIT 

ASTM D 1505/D 792 

ASTM D 6693 

ASlM D S323 

ASTM D 1004 

ASTM D 4333 

ASTM D 5617 

ASTM 0 5397 (App_) 

ASTM D 1603 

AS-1M D 5596 

ASTM D 3895 

ASTM D 5721 
ASTM 05885 

CRICM1 1 
ASTM D 588S 

Testing Frequenq (min.) 

per roll 

every second rol! 

l.OO,OOO Ib (90,000 kg) 

20,000 ib (9,OO() kg) 

per each formulation 

45,000 Ib (20,000 kg) 

4S,{){)O Ib (lO,(){}() kg) 

P€t ~ ach Immubt;on 

petGRIGM10 

20,000 Ib (9,OOO kg) 

45,000 Ib (20,(}{}O kg) 

100,000 Ib (90,01}O kg) 

per each formulation 

per €~ch formulation 
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POLY-FLEX LINER SPECIFICATIONS 

3. 

C. Welding Rod 

A sample of welding rod ~ha!! be tested at a frequency of once per 25 rolls of welding rod The 
following tests sh<111 be performed on the ~ample: 

1. Di<1meter 

2. Density 

3. Melt Index 

4. Carbon Black Contenl 

O. Reporting 

ASTM D 5199 

ASTM D 1505 

ASTM D 1238 

ASTM D 1603 

Result5 from the te~tjng shall be revie>ved by the quality control man;;!g<:r. The test d;;!ta shall 
then be transferred to the product data file for roll certification. Materia! that does not meet 
specifications shal! be identified a'ld placed on hold. 

GEOMEMBRANE INSTALLATION 

3,1 Materials Logistics 

3.1.1 Transportation and On:site Storage 

The geomemhrane rolls shall be shipped by flatbed trailer to the job site. The g('omembr~ne sh~!I be 
slored so as to be protected from puncture, dirt, grease, moisture and excessive he;;!\. Damaged material 
shall be stored separi;ltely for repair or replacement. The rolls shall be stored on a prepared 51l1ooth surface 
(not wooden p;;!lIets) and should not be stacked more than two rolls high. 

3.2 Earthwork 

14 

3.2.1 General 

The owner or his representative (~oil quality a~sllrance inspector) shall in~pect the subgrade preparation 
Prior to linel install.;ltion the 'ubgrade shall be compacted in accordance 'Nith the project specifiC<1tions. 
W€ak or compres5ible ilreilS which Cilnnot be l<lti'ifilCtorily compd.cted should be removed and repl~ced 
with properly compacted fill. Alisuri<1ces to be lined shall be ~mooth and free of all foreign and organic 
material, sharp objects, or debris of any kind. The ~ubgrade \hall provide a firm, unyiE'lding founda-
tion with 110 sharp ch~nge~ or abrupt breaks in grade_ St<1nding water or exces\ivc moi~ture Shill! not be 
allowed. 

The in5ta]ler, on <1 daily basis, shall approve the surface on which the ge<)membrane win be installed. After 
the supporting soil surface has been approved, it shall be the installer's responsibility to indicate to the 
inspector any changes to its condition that may require repair work. 

3.2.2 Anchor Trench 

The anchor trench shall be excavated to the line, grade, and width shown on the project construction 
drawing~, prior to liner system placement. Slightly rounded corners _~hall be provided in the trench to 
i;lvoid sharp bends in the geomembrane. 



POLY·FLEX LINER SPECIFICATIONS 

3.3 Method of Placement 

The folh sh~tt be dcpl~rl miflg ~ ~preader bar assembly aUlltht'd to " lo.der bucket Of by other methods 
ilppfl)~ by the prolect engineer. 

TI le I"staller shall be lespot,slble for the foIlO\,.fing· 

1. Equipment or tools shall not damage Ule geomembrane during handling, lranspmtation 31ld deploy

ment. 

2. r ersonnel wOlklng on the geomembrane ~hall not ,moke or wear damaging ~hoes. 

3. TI1I1 Iflethod used to unroll the p<lnds sha ll not (illile scr(!l tchel or Cri mps In the gcomr.mbrime ilnd 
shall not damage the supporting ~oil. 

-4 . Adequate 10l'ldl09 (e.g .• \and bags OJ sim~ar ilenls that WIll flot damage the geomemb.,.,ne) shall be 
pldCed to p'l!Vent uplift by wind (in ~ 01 high winds, continuous loading is recommended a long 
edgei 01 p.:aneb to m lnlmizt' rhk of wind lIow U<'ldel the parwl5). 

3 .3.1 Wuther Condition" 

G<>omtmbfilne deploymE'nt shall proceed bet_en ambient lempE'ratures 01 32"" F and 1 o,,~ F. PI~O"mffit 
un plOCeed below 32~ F only al~r it ha~ been venfitd by the hUJlCctor ~t the m<tter\.11 (an be .s&>med 
accOfding to the Jpe<:ification. Geomemoorte plKement !>hall not be done dUl1Ilg any precipitation, in the 
pr6ence 01 exc~5Slve moistUre (e.g., fog, I"3ln, dew) or in lhe presence of exct"nlve wind~, as detl'rmined 
by the "'~Vll\alion supcrvi<or. 

3.4 Field Seaming 

.Approved .\('lInlln9 prOC~~(ll are lu~ion and extm\ion wekiing. On )Ide $IopM, seam~ shan be <lriented in the 
genela! direCllon 01" maximum slope, i.e., oriented d own, not acros~ the slope. In corners and odd-shaped geo
metn( location S, the number 01 field seams ~haU be minimized. 

No b~se l"·sellrn ~hall be doser than 5 feet from the toe of the ilope. Seams sha ll be aligned with the leas! possi
ble numb~r of wrinkll"'! ~nd ~fi ,hmoulh~. " If a fi~hmo\Jlh or wrinkle is lound, It shill! be relieved 'lnd c~p""stripped. 

3.4.1 S,WIl Ovetlop 

GeOfll(1mbiane panels mu~t have a finished minimum overt"" of" Inche$ for fU$IOll welding and 6 in{"he~ 
for t!xtruslon WI!Idlng. 

Cleaning 10lvcnts mil)' '10\ be u~ed unlel ~ l!w product i~ ilpploved by the liner mMu'~ctU1er. 

3.4..2 T.st Seams 

field te1 t seam) shall be conducted on the liner to verify tlK>t lo('iltnlng condllions lire silti5faClOfy. Test 
~cilms 'lhall be conducted at the beginning 01 each ~aming p<'riod and at Icas! once every 4 hotln, for 
uch warning IIPPllflltH'l and personnel u~d that day. 
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All t~1 ~o:am~ illal l be made in contact with the ~ubgrade. Wflding rod u\cd for Clftru,ion w(lldil"!9 ~hall 
hilve the same propeftil:"5 as the resin used to manulaClure the geomembrane. The lest seam 5ilmple shall 
be 10 feel long lor 11I510n welding and 3 Ief!t kmg for extrusion welding with the ~am celltered length· 
wise. Three specimens shall be cut from each end 01 the le~t se-1ms by the ImpeclO' , The in~peclo' sh~1I 
usc II temlometer \0 te)! 3 specimens for she .. , ~nd 3 ~peclmem lor peel. Each specimen sha ll be Olle Inch 
wide wi th a grip ~ep~rati on of 4 inches pl\l~ lhe wldtll of the seam. The se~m shall be eenteled between 
the clamps. The rale of grip sepllration shall be 2 irrct1(lS per minute. 

3.4.3 Assess ment of Sltam Test Results 

For bOlh smoolh iltl1d tcxtured seam~ the strength ot two Oll t of three 1.0 Inch (25 mm) wide strip speci ... 
llle!U should meet or exceed vatue~ given in this specif ication. Ttw third must meet 0 1 exceed 80% of the 
given valUe!. The shur percent elongation should e)(ceed 50%. The ;)~'u!llcd gaugc length is considered 
to be ~ unscamcn ~hce t material on either ~ide of Ihe wek!erl alea. Elongation mcaS\lremcnt~ should 
be omitted for lield Ie)"ting. In addition, the ~ .separaTion ~hould nol eJlceed 25'16 based on the propor· 
tlon of area 01 ~ataled bond to the area ot the original bond:ng Rtgarding the IQcu\·oI·break patterns 
of the different ~eaming methods in she'llr and ~I, the following ate unllccepti'lb1e brt':ak c0de5 per their 
description In the ASTM 0 6392. In this regard, SIP i~ an acceptable break (ode. 

Unl'l~eept~b l. Break Codes 

Hot ~ge: AO <lnd AD-BRl< > 15% 

Extru~ion Fillet.: ADI, AD2 and AD-Weld (unless strength b achieved) 

3.4.4 Non-O.s tt\ICtlv. Seam Te-sting 

The I nstllll~ sllitll non.destructively tesI all field ~Iru. over thell full length . 

A. Vactlum BOI( Testing 

EquIpment for tesllng extrusion se~nn ~ha!l be comptl~d of the (Ollowing' 

I . A vacuum box assembly com.isting of II rigid ho\ ' ~ing, ~ trllmp;'IIcnt viewing window, 11 
5011 rubber gasket attached to the bottom, pOIt hole or valve anelllbly, and a vacuum 
gauye. 

"/. . Soapy ~oluti on in 11 plastic bucket with a mop. 

The following proc~dure5 ~han be followed by the !nstilller: 

I . Ex(es~ sheet OVl!ti<lP shall be trimmed "Wily. 

2 ~t a strip or geomembrllnl' ~pprox;",iltdy 12 in<he~ wide by lhe lenglh 01 box with the 

WIiPY solution. 

3. Place thE' box over the wened area and compress. 

4. Create ... vacuum of 3 . 5 psig. 

S. EIl'Iu:e that a leak.light ~al [~ Cleated. 

6. FOf'" a period of approximately 1 0 )(:cond~, examIne lhe 9l'Omt'mblane through the vlev/· 

ing window lot the pr~sence of i'loimatr;>d ).OiIp "ut)ble 
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7. If no ~nilT1ated bubble~ appear <'Ifter 10 seconds, dose the v~cuum valve and open the 
bleed valve, move the box over the next adjoining Mea vvith a minimum 3 inches overlap 
and repeat the process. 

8. All areas where animated soap bubbles appeM shaH he marked, repaired and then retested. 

The following procedures shaH apply to locations where seams cannot be non-destructively 
tested. 

1. If the seam is acces,ible to testing equipment prior to final installation, the seam shall be 
non-destructively tested prior to final installation 

2. If the :learn cannot be tested prior to final installation, the seamS shall be spark tested 
according to the spark tester manubcturer's procedures. 

B. Air Pressure Tusting {For Double Fusion Seams Onlyl 

Equipment for testing rlouole f\l';ion ~eams ~hall be comprised of the following· 

1. An air pump equipped with pre~~\lre gauge capable of generating and 5u~tail1ing a pres-
sure between 25 ~nd 30 p~L 

2. A pressure gauge equipped with a sharp hollow m~edle. 

The following procedllre, shall be followed by the installer: 

1. Seal one end of the seam to be tested. 

2. Insert needle or other approved pressure feed device tbrough the ~ealed end of the chan-
nel created by the double wedge fusion weld. 

3. Energize the air pump to verify the unobstructed passage of air through the channel 

4. Seal the other end of tile channel. 

5 Energize the air pump to a pressure between 25 ~nd 30 psi, close valve, allow 2 minutes 
for the injected air to come to equilibrium in tbe channel, and su~tain pressure for approx
imately 5 minutes. 

6. If loss of pre,sure exceeds 4 p_si, or pressure does no! 'itabilize, locale faulty area, repair 
and retest 

7. If pres~ure doe,; not drop below the acceptable value after five minutes, cut the air chan
nel open at the opposite end from the pre,sure gauge. The air channel should deflate 
immediately indicating that the entire length of the seam has been tested. 

3.4.5 Destructive Seam Testing 

Destructive ,cam testing should be minimized to preserve the integrity of the liner_ The ir,.;taller shaH pro
vide the inspector with one destrvctive test s~mple per project specifications (usually 011Ce per 500 feet of 
seam length) from a location specified by the inspector. 

A. Sampling Procedure 

In order to obtain test re.\ull~ prior to completion of liner imtallaliOI1, samples shall be cut by 
the inSlllller a<; tbe seaming progresses. The installer shall also record the date, location, and 
pass or fail description. All holes in the geomembrane resulting from obtaining the seam sam
ples shall be immediately patched and vacuum te'ited. 
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B. Size and Disposition of Samples 

The sample5 ~hall be 12 inches wide by 36 inches long with the seam cenrered lengthwise. 
TIle sample shllil be cut into three equal-length pieces, one to be givf'n to the inspector, one 
to be given to the owner and one to the instllller. 

C. Field laboratory Testing 

The impector shaH test ten l-inch wide specimens from his silmple, five specimens for shear 
strength and five for peel strength. 

D. Independent laboratory Testing 

TIw owner, at his discretion and expense, may send seam samples to iI laboratory lor testing 
The test method and procedures to be \l~ed by the independent laboratory ~hall be the same 
as used in field testing 

E. Procedures for Destructive Test Failure 

Tbe following procedures ~hall apply whenever a sample fails the field destructive test: 

l'be installer shall cap strip the seam between the failed location and any passed te~t loca
tions. 

2. The installer can retrace the welding path to an intermediate location (!I~!Jally 10 feet from 
the location of the failed test), and take a sample lor an additional field test. If this test 
passe~, then the seam shall be cap stripped between that location and the original failed 
location. If the test fails, then the process is repeated. 

3. Over the length of se~m failure, the i115taller shall either cut out the old seam, reposition 
the panel and r€seam, or add a cap strip. 

3.4.6 Defects and Repairs 

All seams and non-seam area~ of the geomembrane ,hal! be inspected by the inspector for defects, holes, 
blisters, undispersed raw materials, and any sign of contamination by foreign matter. The surface of the 
geomernbr;l!le ~hall be dean at the time of inspection. 

A. Evaluation 

Each suspect location in seam and non-seam Meas shall be non-dc~tructively tested as appro
priate in the pre~ence of the inspector. Each location that fails the non-de~trvctive testing ~hall 
be marked by the inspector, and repaired accordingly 

B. Repair Procedures 

1. Defective learns shall be cap stripped or replaced. 

2. Small holes ,hal! be repaired by extrusion welding a bead of extrud3te over the hole. If the 
hole is larger than 'I. inch, it shall be patched. 

3. Te~f"5 shall be r .... paired by patching. If the tear is on a slope or an area ~usceptible to streu 
and has a sharp end it must be rotlnded prior to patching 

4 Blisters, large cuts and undispersed raw materials shall be repaired by patche5_ 
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5. Patches shall be completed by I'xtrUlioll welding. TIl!' weld area ~hall be ground no more 
than 10 minutes prior to welding. No more thim 10% of the thickne~s shall be removed 
by grinding. Welding siMI! commence where the grinding started and must overlap the 
prcvi(Ju, SE'am by at least 2 jllche~. Reseaming over .om exhting ~eam without regrind-
ing ~hall not be permitted. The welding shall restart by grinding the ('xhting seam and 
rewelding a new ~eam. 

patches shall be round or oval in shape, made of the same geomembrane, and extend a 
minimum of 6 inches beynnd the edge of defects. 

C. Verification of Repairs 

Each repair shall be non-de~tructively teste.d. Repair, that pass the non-destructive test shall 
be taken as an indication of an adcqljale repair. Failed lests indicate that the repair shall be 
repeated and retested until ras~ing te5t re~\!lts are achieved. 

The inspector shall keep daily documentation 01 all non-destructive and destructive testing 
rhi, dQ(\Jmentation shall identify all ~eam~ that initially failed the test and indude evidence 
that these warns were repaired and ~ucces~fully rete~ted 

3,5 Cover Material and Backfilling of Anchor Trench 

The gcomembr<lne ~haH be (overed a~ soon a~ po~sible_ The covering o~r<ltion ~ha!l not damage the geomem
brane_ The cover ~oil m~t!"rial shal! be free of foreign and organic material, sharp objects, or debris of any kind, 
which could potl'lltially ddmage the geomembrane. No construction equipment or machinery shall operate 
directly on the geoillembr~ne. The u~e of lightweight machinery (i.e., generator, etc.) with low ground pressure 
is allowed. 

i'llC anchor trench shall be backfilled by the earthwork contractor. Trench backfif! material shall be placed and 
compacted in accordance with the project ~pecification5. 

Care shal! be taken when ba(kfi\\ing the trenches to prevent any damage to the gl'omembrane. If damage 
occur~, it _5hall be repaired prior to backfilling. 

3.6 Geomembrane Acceptance 

The instillier shall retain all owner~hip and fe~pomibility for the geomembrane until accepted by the owner_ 

Final acceptance is when all of the following conditions are met: 

1. Imtallation is fini~hed 

2. Verification of the adequacy of all field seam~ and repairs, induding a~so(iated testing, is complete. 
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INHERENT PROPERTIES OF POLYETHYLENE LINERS 

The properties listed in the table below are primarily inherent on the resin type used to produce the liner or are 
directly proportional to the thickness of the liner and less dependent on the manufacturing method_ Therefore, 
these properties will not change from roll to roll or even lot to lot Hence, they ~hould not be induded a~ part of 
routine quality control testing. The exception to this is Oxidative Induction Time. Thi~ test is 11 meil~urement of the 
amount of anti-o)(idant added to the resin to produce the finished sheet. This test (an function both as a perfor_ 
mance test and a quality contlOl tel.t, As a quality control test it is desirable to run the test at high temperatme~ 
to keep the test duration short. This tet is routinely run at the time of manuflleture, AI. a performance test it is 
de,irable to run the test lit lower temperatures. Testing at !ower temperaturH cllnnot be done for quality control 
purposes_ 

The information given below is based on !lominal value~ Individual test re~lIlts may vary from these values 
depending upon the reprodUcibility of the test. 

NOMINAL PROPERTIES 

TEST DESCRIPTION TE.ST METHOD 

Modulus of Elasticity ASTM D 6693 

Secant Modulll~ ASTM D 53n 

Volatile lo~s ASTM D 1203 

Dimensional Stability ASTM D 1204 

Water Ah:wrption ASTM D 570 
(24 hr@23 "C) 

Coefficient of linear ASTM D 696 
Thermal Expamion 

Moisture Vapor Transmission Rate ASTM E 96 
(100 OF and 100% re.1 ... Uve humidity) 

Low Temperature Brittleness 

Oxidative Induction Time 

Multi-Axial Tension 

Melt Index 
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ASTM D 746 

ASTM D 3895 

ASTM D 5617 

A5TM D -1238 

l)J~ITS 

Ib/in1 

Ib/in" 

% 

% 

% chimge 

(em/on . "c) 

g/m2.day 
100 mil 

80 mil 

60 mil 

40 mil 

30 mil 

Of 

minutes @ 200 "C 

minutes @ 150 "C 

stress, Ibiinl 

strain, % 

gl10 minutes 

HDPE lLDPE 

110,000 45,000 

60,000 45,000 

0.1 0.1 

+/- 0_5 +i-l.0 

0.1 0.1 

1.2 x 10-4 1.4x10-4 

0.17 

0.20 0_25 

0.26 033 

0.39 0.45 

0.50 0_57 

<-112 <-112 

100 100 

2000 2000 

2200 1500 

18 40+ 

0.20 0.20 
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POLY·FLEX DRAINAGE NET & 
GEOCOMPOSITE SPECIFICATIONS 

1. GENERAL REQUIREMENTS 

1.1 Scope 

The foik",ving d€soib€s p.1rametcr..ior the fTl<]nufactur€, supply, and instal~1t1on of PoIy.FIex Drainage Net and 
Geocompo,ites. 

1.2 Qualifications 

The drainage net mafilifacturer _~hall have successfully manufactU!l2d 5,000,000 square feet of polyethylene drainage 
~L 

1.3 Submittals 

The manllf~ct\Jrer shall provide the following information' 

A. list of material propertie.s 

S. Quality control certificate for the drainilge net, geotextile, and geocompo~ite roils, UpOn reque_\t. 

2. MATERIAL SPECIFICATIONS 

2.1 Materials 

2.1.1 Drainage Net 

Th .. drainage net shall be milnufactllred by extruding two wls of polyethylene strand~ to form" three 
dimen~ianal strlJctlire. to provide for planar flow_ The drainage net shall be manufactured of polyethylene 
resin produced in the United States ilnd compounded and manufactured specifically for the inte"ded appli
cation. The natural polyethylene resin without the carbon black shall meet the following requirements: 

Property 

Demity, g/cc 

Melt Index, g/1 0 min. 

Te5t Method 

ASTM D 1505 or ASTM D 792 

ASTM D 1238 

Requirements 

0.945 - 0.955 

< 1.0 

The drainage net shall be supplied in rolls 14 feet wide, as manufactured by Poly-Flex, Inc (2000 W. 
Milrshall Dr., Grand Prairie, Texas 75051). Labels on (,<leh roll shan identify the thickness 0\ the material, 
the width and length of the roll, roU number, and name of the m<tnuf;,clurer. The drainage net rolls shall 
meet the reqllirem<;nb in this specification. 

2.1.2 Geotextile 

The geotextile 'hall be a non·woven, needle punched polyester or polypropylene fabric manufactured in 
the United States for the specific application The geotextile roll, shall be 15 feet wide and shal! meet the 
requirenwnt.1 in this 'red/irillion 

2.1.3 Geocomposite 

The g€ocompolile ,hall COlls;,t of the Poly·Flex HOPE drainage net heat bonded to 0111.' I~yer or sand
wiched bNwe~Jl two byers of geotextile to create a ,ingle-lided or doubhHided geocomposite. The geo· 
(Olllpolite Ihall be 1,3.5 feet wide. The geotextiles ~hall extend a minimum of 6 inches beyond the edges 
of drain~ge net on both lides of the geocomposile roiL The g€otextile ~halillol be bonded to the drain
age net within 6 inches from the edges of the rolls 

'nle drainage net and geocompolite rolls shal! meet the following specificiltio,n: 
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HDPE DRAINAGE NET 
ENGLISH UNITS 

Property 

Thickness 

Density, min. 

Carbon Black Content 

Tensile Strength, (Peak, MD) 

Trammis.livity, (MO) 
metal plate/net/metal pl"te 
hydraulic gradient, i '" 1 
normal pressure", 10,000 Ib/ttl 
~eat time" 15 minutes 

Roll Dim12nsions 
1. Roll Width 

2. Roll Length 

3. Roll Area 

Test Methud 

A5TM 0 5199 

ASTM 0 1505 

ASTM D 1603 

ASTM D 7179 

ASTM 0 4716 

Minimum Average Values 
GN-200 GN-250 

200 mils 250 mils 

0.940 g/ce 0.940 g/cc 

1.5 3.0% 1.5·3.0% 

45lb/in 601b/in 

5.0 gallmin·ft 7.1 gal/min·ft 

14 ft 14ft 

3251l 275 It 

4550 It" 3850 It" 

Tt", ~IJ",,~ property v,l\Je" unl~" o\hom'-;,e ,pedliN, arc the midm\Jm ~«tpt"bl" "~{""gl' te,\ ,.",It, for '~y mH b",,'\1 O~ the ,p",'ffitd 
te,[ m~\h()* .~d du "0) ,efer 10 an in<iM,hJ.,I)"'1 'p.dm"" 
11,;, dota i, pro";ded (0, ;n1",m'''lkln.1 "''''Pm~' cnly and i, M1 i"t.nded.,. warr,lOry Of SI'""nt,et. Poly·H~x, IrIC. ","ume, no I~'r~n'ih~i1y 
in connection with the u,' 011hi' data. Th~,~ ""\u .,.~ ,ubj ' Lt It> d"nge witheut no\io~ . RtV. 11/0ti! 
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Properly 

Thickness 

Den~lty, min. 

Carbon alack Contenl 

Tensile SlrEinglh (Peak, MD) 

TrJnsmi~sjvity, (MD) 
metal pli1le/nel/ml:'till pl"'e 
hydraulic gradienl., i '" 1 
norn~1 pres~lJte .. 480 kra 
Se.l l time"" 15 minllle$ 

Roll Dlmen~io"s 
1. Roll Width 

2. Roll length 

3. Rol! Area 

Te~t MethQd 

ASTM D 5199 

AS1M D 1505 

ASTM 0 1603 

ASTM D7179 

ASTM D4716 

HOPE DRAINAGE NET 
METRIC UNITS 

Minimum Average Values 
eN·lOO 

5.1 mm 

0,940 glee 

1.5·3.0% 

7.9 kN/rn 

1.0.11. 10 ") m2jse< 

(62 1/min.m) 

4.27 m 

99.0 m 

<122.7 m2 

GN-2S0 

6.3 mrn 

0.940 glee 

1.5- 3.0% 

10.5 kNjm 

1.5 )C 10-3 ml/sec 
(89 I/min-m) 

4.27m 

83.8 m 

357.7 m1 

Th~ . U~'"I! pr~p.:"y '·~I"n. u nl~" ,,(howow ~.p,,<ified, .r~ til. minimum ~«"plabl\' ~v"~Q" 1~lt rflults for '''Y ,.;.11 b~w<l on the 'p"df1oti 
tell lTw\hnrl. II"d rio 0101 f~IH 10 dn indivkl".1 I ~'t 'pe tlm." 
Thl\ dlta II p'~v;,Jr~ I~r irl'",,,,,,ti~MI P' ''!''''"' ,'niy ,,~cl i> nnt int"n<1~d.~ .. w"' r ~nly 01 s,,~r~"'et. ~Q!y·Flu, In~. ~"um~' no r. 'p ",,,;bi~ty 
111 ,oorle.ctlon with th~ ~.IC ~t tlli> dato. Th.\~ vol",", M~ ,ub~(t to ch;,fl9~ without notice. RfV. 11[06 
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SINGLE-SIDED GEOCOMPOSITES 
ENGLISH UNITS 

GEO(OMPOSITE PROPERTIES Minimum Average Values 
Prop~rt)' GC-065_2.0 C(_085_2.0 C;C.ot>S-2.5 GC..ogS-2.S 

T.ansmls!Mty. (MI), g~l/ml,l-ft ASTM D 4716 U '-0 2 .' " 
rrn::\al pllll .. lgeocon'f'0,;\elmet ,,1 plJ\e (l .S x 10""' m2/~) (2 ~ 10.1 m2/$e't) (5 ~ 10""' m2/10!<:) (1.9 ~ 11)"~ m2/~q 

hydl""li{. g,ad ient. i • , 

normal pr,murf;! .. 1 O,OW Ib/ftl 

~eat tim. '" 1 S minutes 

Ply A(iheslol\ Ib/in ASTM D 7005 

Ro ll Oiml:ln ~I""n 

1. V1idth, It 13.5 13.5 13 .5 13.5 

2 . Length, ft 300 25' m m 

COMPONENT PROPERTIES 

Geonet 
ThicltnelS, mil ASTM 0 5199 200 200 250 '" 
Density. min., g/ee ASTM 0 1505 0.940 0 .9"10 0 .9"10 O.9~0 

c.aroo" Slack Content, % A.STM 0 1603 15 - 3.0 l.S - 3,0 1.5 - 3.0 1.5 -1.0 

Tensilt S t '~ngth. (Peal(, MD), b/in A5TM 0 7119 " " 60 '" 
T,a,,'mh<Mty, (MOl. 9"'/mln·tt A.STM 0 4716 5.0 5.0 1.2 ,., 
metal pla\.e/I"!t/t~'al pLotP. (1.O ~ 10·1m21~(1.0~ 1o·l ml/1ec:) (U x 10·) /IIl/seQ/I.S. tG-} m1/_l 

hydnult<:. 9'~dient, I '" 1 

r'Olm~ 1 pr~~~l.lte = 10,000 lulft' 

~cat time ", 15 minutes 

Gcotextlle 
Unit Weight, o7./yd! ASTM D S261 

Gnlb Strength. Ib ASTM D 4632 1" 220 160 no 

G,~b Elt:mg~II!l'" % ASTM D 4632 " " 50 50 

Te~ , St,ength, Ib A'iTM D ~533 65 " 65 " 
PUrlCnlle 5trenglh, Ib ASTM 0 ~833 " 120 90 no 
f'crmill i\"itY.I«,1 ASTM D ""91 1.3 1.3 1.3 1.3 

Am, Ma.>.AII.V ASTM D US! 70'~e SO sieve 7Os1~ 8O.\.iwe 

UV StabilIty. % ~t. (SOO hr.) ASTM 0 4355 70 70 70 70 

nit! ~ """""'y v ........ """",, o,~ ......... "",nfi"",,"'" u... tnirmnum ac'~I"""" a\·n"'J~ lut ,",dr, fur ""y ",. ),~.....t ",,!he """"",,,I 
to, mell><>d\ ""d do 'lot n:I'!'T ,,, .... lndNloo .. t~' ."",.,.;;",", C..olc't!IIro prop«!)' v:l\r.lt, .... t 1\1;";"""",, oI.vcr.ge 11011 "at",,",- e .. ~pt '0' AOS, 
wh\d1 II M .. ltT'IO.om"'.".~9" Rail \'."'~. C""" ..... ~nd c. ... .,\cl<\ilo! proP<'rt,~S .' ... t<;<tt::l P"I)' to I~ml,,.,ian 
Thb dM~ Is: ptOllid<'d fin """",,,,(10:,,,,,, PU'f'<>''''' only...,d n IKJ! 'm~,,<.kd ••• ",."a"I)' III 9"~'~n'''''. I'<Iiy-fln, It". oOJwrr~. OlD ''"'f'O'''';bilrt'J 
'" wrll,"'llon ""!I.h th~ uw. 01 !hi< rldtJo ~v.olu.". "'" wbJect.l<> chlngl!Wlthwt rt01.o<:". IIEV. l1f06 
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C;EOCOMP05ITE PROPERTIH 

I'roptny T"~t Method 

T<~'1~TT1I~sr.~\y, (MOl. rn 2/~~~ ASTM 0 4 716 

mellli pl at('/geon:mpc>'ll~/nwt" ' pble 

hydrau lic gr~rI!~nl, I '" 1 

rlormal pr~nu~ = 480 ~p~ 

,eat time .. 15 minute., 

~Iy Adh~ i IQn. kN/m A'iTM D 7005 

Ro ll Dim" .uionf 

I. 11011 Wldlh. m 

2 !ton lenglh, III 

COMPONENT PROPERTIES 

Geonet 

Thlcknw. mm A<iTM 0 5 199 

Dl!.nsily; rnin .. 91<c ASTM 0 1505 

Carbon 81K~ Con\tnl, % ASTM 0 160] 

T~mh S" .... ~tk, (Peu., MOJ, kNfm ASTM D 7179 

Tr~f'Jmh'ivity, (MOJ, 1ll2fsec ASTM 0 4716 

nwt~ 1 pl~leltl ~tlm~t8 1 pl ~tf' 

11yd,aullc 9'1Idll.'nl, i .. 1 

m,n"~1 preHu,c = 480 kP~ 

\ e ~t time .. 15 mlnll!~1 

GeoteKtUe 

Unit Weight, g/Il°)l ASTM D 526 1 

Grdb St~nglh, N AS1 M D 4632 

Gr~b flo"gatif)". % ASTM D 4632 

TeOll StrC r'lgth, N ASTM D 4533 

l'un(\Ufe ~t'cr>9Ih, N ASTM D4831 

Perml,,"'it}', st!:(- l ASTM 0 4~9 1 

AQS, M"JUI,RV, mm ASTM 0 4751 

UV StabIlity. % let. (SOO hr.) A5lM D 4355 

SINGLE-SIDED GEOCOMPOSITES 
METRIC UNITS 

Minimum Aytrag~ Y:aly~ 
GC-06S,2.0 CC-08S-2.0 CC..()6~· 2 .5 GC.OSS _2.S 

2 . 5 ~ 10 ·~ 2.0 ~ 10-4 5.0" 10-4 2 ,9 x l 0'~ 

(l5 Ifmir.·m) (12I!min·m) (30 Ilmin-m) (1 7I/rnln·m) 

0.17 0.17 0 .17 0.17 

, .. ... , .. , . 
91.4 76.2 63.' '" 

5. ' 5.' •. , '3 

0.940 0.940 0.940 0.940 

1.5·3.0 I .S - 3.0 1.5 - 3.0 1.5·3.0 

7.' 7.' HI.S 105 

1.0 l( 10 .3 1.0.lt 10 -3 1.5xl0-$ 105 x 1{}-3 

(62 1/mln·m) (52 !/mln·m) (891Imirl.m) (89l1min 1'11) 

20J '" 203 ". 
71Z '" 712 '" 
" " " " 
'" ". 28' m 

'00 " .. ". '" 
U " U u 

0.l12 0 .160 0.2 12 0 .1 60 

7. 70 70 7. 

T~ ~ fllnllttt)/ v .... ,'"" ........... flIh ......... 'f"!dfI~d, M~ t .... m'nimum .n'1".m~ ,..~r~9! l~t 't'>\Jh, 10. ""y.oII b.~ "" It..: <ppcififfl 
tt~t m<1thod'! ~ do 1>111 ret •• ra." indMd..al t",t ' p<'(iIYlt"Q G""t~~ti!~ pn:rper\y~ .. ll.Ie:I are Mirll .... '"' .... e<ItgC1ltolvalu"" ~~ 10' AD!>. 
..... od> .. "1~<\O""tn "'''''6<)," R"u v., ... Gtm .. l.nd c..ol~Aa. prupMfi .... ~,t: l~td pO.." t., Wni"~U' , .. 
n,1s dati b 1""~ for lt~, ........ tl"",,1 I""fl''''' only ",0" not ~·t~n""'<l a> a ........... "Y OI 9u."'11~~ PCoIy.fb, I"c .~r~ no f~p"fl"_bJity 
'" <.,.,.,..-.. "" ...... \h t~,,~ 0( ,"' • .-»t. n""... v.olUH . ," <object to(~ "';\.MII n.-..it:e. RlV. 11/00 
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DOUBLE-SIDED GEOCOMPOSITES 
ENGLISH UNITS 

GEOCOMPOSlTf PROPERTIES Minimum Average Values 
Propo:o.rty 

Tr~n~miuivl'o/, (MD), 9~lfmlll · rt 

met~1 p IDt e/!l ~ ocompo\lt~/m~ t~1 platt': 

hydrau liC gradient, I '" I 
TlOfll1a l pr".~u,~ .. 10,000 Ib/lt> 

leat time .. 15 minutes 

Ply Adh~lio". Ibr,n 

~<l 1I Dlm4!"~lonJ 

1. Roll Width. ft 

2. RotllengUl, It 

COMPONENT PROPERTIES 

G-eonet 

Thkknen, mil 

()('''lity. min., glee 

ea,bo!"l 61~d. Contellt. '1ft 

T" n Method 

ASTM D 4716 

A'>TM 0 7005 

ASTMD5 199 

ASTM 0 1505 

ASTM D 1601 

ASTM D 7179 

A5TM 0 4716 

GC-06D_l.O GC-08D-2 .0 

0.4 02 

\3.5 

"0 

'00 

0.9-40 

U -1.0 ., ,. 

13 .5 

200 

200 

0 .9-1 0 

1.5 - 3.0 ., 
, .• 

CC.()60·2.5 CC_OSD_2.S 

1.0 0.5 

'" 
'" 

21O 

0.940 

I.S - 3.0 

•• 
7.2 

13.S 

". 

'" 
0.940 

1.S - 3.0 

'" 7.2 

T"nl~e SIJ~l1gth. (Peal<,. MDl, !b/i" 

Tmn~mi!l'vlty. (MOl. gal/",in ·tt 

rrn:tal pl~H!/nctlmc131 pl ~t~ 

hydr~ul,< [lTadif l1t, i .. 1 

(I ,0 ~ llJ,l ",2/)t(.)(I .O ~ 10.1 ", 2/M:<) (1..5 ~ 10.1 ",l/l{-(;)(l .S x IO·] mll,,-,<) 

normal p~s~ ure: '" 1 0,000 Ib/lt1 

lea l time .. 15 minutes 

GeotedUe 

Unit Weight, ozlydl 

Grall Strength, Ib 

Grab Ek>!lgotiotl, % 

Ten ~\Tength, Ib 

PUllc tU~ Strength, II) 

Pcrmill1\-I\y. !.e<.1 

AOS. Mu/I,RV 

UV Stablllty, '" r"l . (500 hr.) 

ASTM D 5261 

ASTM 0 4632 

ASTM D i 632 

ASTM 0 ~533 

ASTM D 4833 

ASTM D 4>191 

ASThII 0 4751 

ASTM 0 4355 

". 
" 
" 
90 

L3 

70 sil-ve 

7. 

220 

50 

80 

12fJ 

L3 

80 *"", 
70 

". 220 ,. " 
6S 80 

9<> no 

" L3 

70 sieve! 80."""" 

7. 70 

Tht atx..-.. ptupo'rly v .... '"''- Ullie. o,htrvm.: 'l'f'clfi ... ,. _Ihe "";nirn,"n """r~pt*"" ........... Jt 1",1 ", .. 011- lor ""y rn' I:~ on 11", 'p"_d' l.-.l 
CtU _thom .. ,d On not rdo:rln "" IndNrll,," 161 "P'""i",...., Gto~u""- rr"f>'I'.-ly .. ~~I"" ..... Minl"",", ",.,,,,,,,,. lin!! .... I,,~, eJOCept foo AIlS, 
""''''11" "!~'~ f1U1n "" "!I'fg(" 11.,,/1 V.h",. V,Dn<!t .,1<1 C~,,'~xtib> p'0ppm.-......, l""l~d J'!l<ll to ","","wioo • 
This <toLl '" J'T<'Whi 'ml",,,,m. t ..... '" r'''l'''''"' (II,,>' dl~1 "- ""t "" on'''"'' ..... , .. _ .. n!,)· 01 !/Ild""I~t_ p.~.rlt: •• 'n<:_ ~«""""' no '~l"l"'lhdl!y 
i,.. ~OAlI~QI' .... ith 1h~ IJ~ ,II lhi. dau. --n",.~ value. are subj&t t<> <h .... 9<'_I~1tfl notice. RlV. 1 ,10(> 
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CEOCOMPOJITE PROPERTIES 

Property 

Tr~n snlksMty, (MO), ffi1./1~c 

meta! pI~t~fgto~olT'pr.,ite/nw!~t pl~te 

hyrJr ~ l . r ll r. gra(jI~ llt, i = 1 

Hormal pr~~su'e .. 480 ~p~ 

.e~t tillu .. 15 oninutel 

Ply Adt>e~"1 IeN/m 

Roll Oiln',"5ion l 

I. Ro~ Width. ,.,1 

2 RoB I ~ngl.h, m 

COMPONENr PROPERTIES 

Geonet 

Thd~,rnm 

D~nsity. mIn .. g/ec 

C,!bot1 RIK~ Cootei'll. % 

T~ilr! SII!!flglh, (~ak, MO), tN/m 

lral15r11~'Mty. (MI1), ml /Je<: 

mttal platefn~tfmf t <>l piMP 

hidla',~1.c gradiltnt. i .. 1 

Ir()lm~ 1 pt~~ ... rre ". 480 kPa 

~~t time '" 1 5 mlrlU~ 

Geotextile 
U~it Weight, g/m' 

Grah Strength, N 

Cr~b f lon!;plir;m, % 

Ttllf Strf.ngth, N 

l'unctUIC Stl t ll9th, N 

l'errmllMty, set- l 

AOS, MuARV, mm 

IN Subili\y, % let (SOO hr. ) 

T~ st M~thod 

ASTM D4716 

ASTM D 7005 

ASTM 0 5199 

ASTM D 150S 

ASTM D 160J 

ASTM 0 71 79 

A5TM [) 4715 

ASTM [) 5261 

ASTM [) 4632 

ASTM D 4632 

ASTM D 45B 

ASTM D 48B 

ASTM 0'1'191 

A5TMO 4751 

ASTM D4355 

DOUBLE-SIDED GEOCOMPOSITES 
METRIC UNITS 

Minimum Average Values 
GC-06D_2.D CC..()8()..2.0 CC-06D-2.S GC-08D_2.5 

o.a x 10-1 " .0); 10-5 2.0 x 10-4 L O x 10'~ 

(5.0Ifonin·m) (2.51/mlnom) (12Vll1itl ·m) (6.1Ifmil1.m) 

0.17 0. 17 0. 17 0.17 

'.1 ' .1 ' .1 '.1 

76.1 " 5H 45.7 

5.1 5.1 ,., " 
0.940 0.940 0.9~0 0.94() 

1.5 -].() 1.S - 3.0 I.S - 3.0 1.5 · 1.0 

1.' 1.' 10.5 '05 

1.0 I( 10'] 1.0 )( 10.3 1.5 )( 10.3 I.S)( 10.3 

(61 Vmi r.·m) (62 Vmin·m) (89 I/mln·m) (69l/millmj 

'" '" 203 271 

'" 9J9 '" 979 

50 SO 50 50 

'" '56 '" m 
.00 5H "'" '" 
U " L3 L3 

0.212 0 . 180 0.11l 0180 ,. ro 10 70 

The.tbow. propffty v;duel. ...,~, otlt""",,", 'f'Nifi~:J, Me 1M mlolm"m .attepll.b~ ~19" It\t ,,,.,h for"''Y . <>I\ b.,,,,, on tM ,,,,"cffird 
tQ\ m<'1h~ """ do 1I<I'~' I<> .n ;"<f"itb",I_ 'P", ItnffI. c..ole '<1ik P'OP~IIy""'IM"~ M..,lnll1rn ~~ ~oR v.'''''', uc~pI fnt ADS, 
whi<.h it M",",,,,,, "",.,"9" 11011 V,.~ .... WOI,d ~n<i ~'I'" p'upt"1,,,, ale 1~'h:<1 J'I"I'I' W ..... "",mon 
Il1h tIN j, """""Jed 1(1f ~~QI .... Ii., ... 1 P'"P<>'<" "nly;¥Uf" ... .>\ Inl~n'~ "'. w~n""Iy.If !)I--.teo:. puty.ff<!.<, 1,,<:. lO»)UlI>ecl no m.T,",""it>:lrty 
~lc""" .... ti<>n,vot1.I4"! lflot Ql lkK,y., n-.., vM~6 .~~ to<n.n.g., ,"""",,,1 notice. R~. II/Of, 
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POLY-FLEX DRAINAGE NET & 
GEOCOMPOSITE SPECIFICATION 

2.2 M<tnufactuTftr'S Quality Control Testing 

The Drah13ge Ne~ shall be te$ted by its manutacture. once every 50,000 square feel fo. lisled properties. except 
th t lI"IImmiHivity, which shall be tested once every 100,000 squatI.' leel. 

The gcotcxt ile SIII1I1 be te~ted by its nl i1n uf~cturer onc:e every 100,000 5qU<lre leet, except for AOS <lnd 
Pcormi\Uvlly, which sflll lf be tested onn~ every 500,000 square feet and UV Sl~bllity, which Shall be pel malluia(+ 
tu ref historical dille, 

The gcocomposite shall be tested by it> manufar.turer once every 100,000 square feet fo r the listed properties 

Any rolls not mc~ting the requiremef1t~ of thc specification ~h ll!! be lejcc;tcO. Tlte manufacturer shal! prepare a 
qua li ty cantlCl report to be submitted to the project engineer upon request. 

3. INSTALLATION 

3.1 Transportation and On-site Storage 

The drainage !"le t ;md geocompo~te rolls shall be 'Nf<lpped in a pllJ\liC covel. The drainage net and geocompos
Ite rolls shall be shipped to the lob !ile in a manner not to damage the rotls. 

3.2 Method of Placement 

The ' Ir bgr"de shall be If~ of !oreign and Ofgimic material. ~hllrp obje<:u., or debri~ of any kind, which could 
potentially damage the ge<lcomposite. The rob shall be deployed using a !pre-ader bar assembly attached to a 
loader bucket or by other melhod~ approved by the. proj('d engineer. On side slopes, the rolls ~lIti be depl~d 
it) the gener" l directlul"I 0 1 the ma~imum sfope. TIle deployment equipment ~h., ll not dil!l'lllge the undl'fly. 
il19 $\,bg/llde Of geo~ynthetio . A ~mooth rub sheet may be needed fer instafl"l lon of the geocompo~jte over 
a le.turl:!d g~omembr.'H'le . The rub sheet is plaCEd between the geocompas\te lind Ih~ textured gj!()membrane 
to prevent damage to g~QCompo~te Ol!fing pOlitioning . The rub >heet II removed ~1 1 er deployment. Ot-~In~ge 
nl:!t and geocomposl te shal! be placed and '>ecured in an anchor trench as ~hoWfl on the project drawlng~ . 
Sandhags ~hafl be placed on leading edges of the panels to prevent wind uplilt, An extra layer of drainage net 
or geocomp('.llte may be rcquired ilt the intersection of any I.\vo sldeslopes to cover the afl!a wl1ere the panels 
arc ~tagge/(!d . 

3.3 Fie ld Seaming 

Drainage net p"nels shall be overlapped by iI minimum ot 2 in t hes. Non-b lack plasti c. ties shall be used at 5-foN 
Intervals In the di rection of the loll length and at 2-foot intervab: acros~ tile end of t.he panel to' tie the drainage 
ne t panels, Metafllc ties shall not be allowed. On .\Iopes, the spacing of ties ac/ou the ro ll end shall be 6 inches. 
The georedile fl ap~ 01 the adjilcent panels shaH be heat-bonded cr sewn on aU side5 In a(cordarn:e with Ihe 
projt'C\ specificat ion. 

3,4 Cover Material 
The drainage ne t and geocompo\ite shall be (overed ;lS scon as po.uibte. The cOV('fing opt'rallon ~h3n not dam
age the drainllge net Of the geu(ompc~ite. The cover soH malerial shaff be free of torelgn and organic material, 
sharp objects, or debris of any kind, which could potentially damage the geocomposile. No comtruction equip
mem or machine\)' $hall opera te directly on lhe geocompo~i te, The u~ cf lightwelghl mad,if1ery (I.e" genera
tor, etc.) with low 9'cund preuu.e is al~. 

3.5 Repairs 

AI' pillle~ ~ha lf be impected tor rumage. Any damaged a.ei) shall be rep<lired by <I patch of the same malenal 
CKlelldlog one foot beytmd the edge: of the d~mitged area. 
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POLYETHYLENE EMBED CHANNEL 
SPECIFICATION 

GENERAL 

1.' Scope 

'lhe following d(>snlbp~ p~ram['terl for the m<ln\lf~ctu!e, supply, aud instaUation of fJo ly-Flex High Density 
l'o lyl.'lhylene Embed Channel (PEe). All pro(edure~, operations, and methods sh;, 11 be in strict lK.cordam::e with 
the I.'n9inccr'~ spcclf;catlon$ and drawings. 

1.2 References 

American Society fIJ f Testing and Materiills 

1.3 Submitta ls 

I . The ITH'\l'lufllctl lrel , haH maintain te<r. records of the re5ins used to manufac ture the PEe. Thj~ recOId 
sh,,1i be m~de ;wllilable 10 the EngineEr upon fl!GUC\! . 

2. The contractor shall submit shop drawings showing the exact location and installation pro({'dUfes. 

3. AI the enginecr's requ~t. sample(s) 01 PEe shall bt> submitted. 

1.4 Manufacturer's Quality Control Testing 

All felohl~ fn r u le rn PEe mu~! pass the Poly-fie.>< raw material IflE'cincalions be/ore bEoing eligihle for use. Each lol 
shall bot sampled and tested In the Poly.Flex, Inc. !ahOfil tory. The tests shall it'oC; lude density, melt index, and car
boll black conlen!. All add i tiv~ and COfKffltrates mu~t pall Poly·Flex spectfkatJons. 

PRODUCT 

2.1 Product 

The PEe shall be rniln u'~(tlIred by Poly-Flex, Inc. The raw materia l shall be mode of I'olyelhylene resim maf1\l· 
fa ctwad in the UrliteJ Stales_ e Mbon black shall be added to the resin il lhe rain i5 1101 precompOllnded for 
ultra-vio k! t t e$ l~tan ce. The fina l product shall meet the following values: 

Density: 

Melt Index: 

Calbon Sla(.k Content: 

Tensife Sire ngih lit Yield; 

Dlmen~ion\: 

Weight: 

length: 

ASTM 01505 

ASTM D1238 

ASTM 01603 

ASTM D6693 

'" 0.940 glcc 

" 0.4 g/10 minutes 

Z% - 3% 

2,100 Ib/lnl 

A.I ~hown on the drawing on rage 35. 

0.45 !b/lt 

5ftand 10ft 

2.2 Shipme nt and Sto rage 

PEe Vlatl be shipped in .. manner not to be damaged by packaging or Mnrlling and ,h;,11 be ~tored in a d ean 
<,nvifonmenl. 
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POLYETHYLENE EMBED CHANNEL 
SPECIFICATION 

INSTALLATION 

PEe can be nailed 10 wooden forms or pushed or vibra led into poored concrete. A 3·inch clellrance h retom· 
mended ftom (oncrete edges or comer~ . 

3.1 Installation In concrete forms 

PEe shall be installed Inside the <onerete forms in accordance with the shop drawings prior to pouring concrete. 
PI ~ce PEC In the deslgn1l!1'd lo<~tions with the surfiJce of PEe in (on tact whh the torm. PEe shall be secured 
to the wooden forms by meam of nail ~ driven from the imide of PEC into the forms (see Slep 1 drawing). AI! 
exposed na il s ~ha ll be clIpped at the surface of PE.C after removal 01 the form s (see Slep 2 drawing) 

3.2 Fabrication 

PEC can be prcfabricitled into frames and vibratNl intc fr~1y poured concretc. Small air ven t hol~ ~ha!l be 
drilled in .1ppro.imately 3-fool In tervals in the surface of PEe prior to its placemt'nl into fresh concrete. 

BUlt welded connections are made by extrusion welding the back side ollhe 3.S·'n(.h surface and the outside of 
the legs Backup HDP[ plate) afe somelimes 1I_~ed hehind the ~\lrbce to be blttt welded \0 reinfOlce the con nee.
lion. A very flat exlru5km weld bead h then placed on the 3.S·rnch ~urface. PEe Clln also be butt wt!lded ~imllar 
to HDPE pipe ~Idil'g l«hniq.l('\ (See Figure I). The two pieces (A &. 8) 10 be welded lire laid on a lIat surflle.e. 
E.ach pie<:e is held In contact with the "~ing mirrorH (0 lIN appfolr.imat(!ly 4S second~ until.ll melt bead (0) 
10lms li t the mirror. the mirrOI i\ removed (E) ami the pie<::e) are pUll,ed togcttwr (F) fu~ing the molten rfa ~t ic.. 

This process glvelo a full perimeter weld ot tht> PEe. Care must be exercised W IIUUle alignment ot the chanoels 
aftet the weld. This method can al.lo be used for miter joinu. 

1l 15 necessary 10 prevent gil(l'i or repair gap. c ~umd by thermal contraction or Improper placement fA the PEe. 
The IIne/·la-PEC connection will not be watef tight ull les5 the PEGs are propelly fOined at their ends. Other PEe 
instillilation det .,iI ~ 8re avai lable from Poly·Flex, Inc 

3.3 Seaming 

All seaming 5hllll be done in accordance with the Poly-flex extrusIon seaming pro(.edmes, as outlined in thi~ 
manual, and by experlene.ed techniciilllS who are qualified by Poly.Flex, Inc. to ~~m Poly-Flex liners. 

The following sleps shall be followed prior to welding Poly·Flex Ii n~r5 to the PEC: 

1. Remove C(!tnl!nl pa~te, form oil~, curing compound or otne' cont~mlnants Irom the ~urface of PEe. 
The 3.S·;nch wIde lurface_ sha ll be clean and dry_ The wi' lding <\lr[aces of the PEe (an be taped prior 
to its Installation. The tape ;5 remov€d after the concrete is hardp_n€d to e'(rose the clean surfaces 01 
PEe for weldin9. 

2. U!.e a hQt air gvn to tad: li"ello PEC in II straight line In the center of Ih~ PEe ~urf.,(e . 

3. A grinder WI th 80-gril disc ~han be wed to remove the suriace contamination and oxidaliofl from the 
welding \urface area prior to the extrmion welding. Place the extrucla te on the center line (lee Step 3 
drawing). All air vent or nan holes shall alw be ground and covered with the elr.tn.ldate. 

All seams \hall ~ noo·destructively tested. whenever po~~ible, by using it vacuum 1>ox appllratu~ if the PEe urn
flection is designed to be wall~lprool. 

Since deS-trlKtive St'ilfT\ teslJng is not possible, it is very important that .seami"'!l be done by qualified technitians" 
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~r-, 

POL VETHVLENE EMBED CHANNEL (PEe) 

3" "'in. 
Conc.nile"' 

STEP Z. PEe IN CONCRETE 

Hot Air 
Weide, 

"Welding t.l!m:f" I, a PTFE-c<:la,IKI l .. IsIO!< aCC"!~ry lor 
bun wotdC>g pclyethyleng 3nd potypmp)o1e"'" p'''fiI~ 

fIGURE 1 

POLYETHYLENE EMBED CHANNEL 
SPECIFICATION 

Wood~n CC\flC1'~te 
Form 

STEP 1 ATIACH PEe TO WOODEN fORM 

Fiold 
EXll nsion -.. 
Weld 

f'oIV'Fle~ 
Line''\. 

STEP 3. WElD LINER TO PEe 

PEe 
Polycltlylf.M 

EmbOfI Cll~nnel 

Poly-Flt: x 
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CHEMICAL RESISTANCE INFORMATION 

CHEMICAL COMPATIBILITY OF POLY-FLEX LINERS 

Chemical CQ'l1p~tibiIHy or resistance, as applied to geomcmbrane\, is a relative term_ Actual compatibility 
would mean that one material dissolves in the other such as alcohol in water or gre.ase in gasoline. An example 
of incompatibility would be oil ~nd water. In lillers it is undesirable to have the chemicals dissolve in the liner, 
hence the term compatibility is the reverse of what ;; normally meant in In!' chemical industry. In the strict-
est sense and from a lilboratory perspective, chemical compatibility, as the term applies to this industry, would 
imply that the chemical hilS no effect on the liner. On the other hand, Irom ,m engineering perspective, chemi
cal compatibili\y means th<lt a liner survives the exposure to a given chemical even though the chemical could 
h~ve ~ome effect on the performance of the liner, but not enough to cause failure. Therefore, one must under
st<lnO <lnd define chemical compatibility for a specific project. 

Generally polyethylene is effected by chemicals in one of three ways. 

I. No effect-This means that the chemica! in question and the polyethylerw do not inlerilCt. The poly
ethylene does not gain (lose) weight or swell, and the physical properties are not ,ignificanlly altered. 

2 Oxidizes (uoss linking)--Chemicals classed as oxidiling agents cause Ihe polyethylene molecules to 
cross link and cause irrever,;ible (h~nges to the phy,ical properties of the liner. Ba~ically they make the 
liner brittle. 

3. Pla5ticize~-Chemicals in this daslification are soluble in t he polyethylene strunure. They do not 
change the structure of the polyethylene it,elf but act ~s a pla,ticizN. In doing ~o, the liner experience, 
weight gain of 3-15%, may ,well by up to 10%, ilnd has measurable changes in physical properties 
(e.g. the temile strength at yield may decrease by up to 20%). Even under these conditions the liner 
milintain, it, integrity and is not breached by liqUid\, provided the liner has not been subjected to any 
stress. These effects are reversible once the chemicals are removed ilnd the liner ha~ time to dry out. 

Aside from the effect that chemicals have on a liner is the I\sue of vapor permeation through the liner. Vapor 
permeation is molecular diffmion of chemical, through the liner. Vapor transmission for a given chemica! is 
dependent primarily On liner type, contact time, chemical solubility, temperature, thickness, and concentration 
gradient but flat on hydraulic head or pressure, Transmission through the liner ciln occur in as little as 1-2 days. 
NOrtllaliy, a ~mall amounl of chemical i~ tran,mitled. Generally I~Dr[ has the lowest permeation rate of the lin
er, that are comn1ercially av~ilahle. 

A$ ,(<l ted above chemic~1 comPMihility is a relative term. For example, the me of HDPE ~\ <l primary contain
ment of chlorinated hydroqrbom, at a concentration of 100% may not be recommended, but it may be 
acceptab:e at 0.1 % concentration for a limited time period or may be acceptable lor secondary containment. 
Factors that go into a>~e,sment of chemical compatibility are type of chemiC<lI(5), concentralion, temperature 
and the type of application. No hard and fast rules are available to make decisions on chemical compatibili\y. 
Even the EPA 9090 test is just a method to generate data 50 that an opinion on chemical compatibility can be 
more reliably reached. 

A <implified table on chemical fe~i5tance is provided to act as a screening process for chemical containment 
applications. 
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PRIMARY CONTAINMENT SECONDARY CONTAINMENT 
CHEMICAL CLASS CHEMICAL (LONG Tf.RM CONTACT) (SHORT TERM CONTACT) 

EffECT HOPE 

CARBOXYLIC ACID 

- UnsubSlitulcd (i,g. Acetic acid) 
- Substituted (e.g. Lactic dcid) A 
- Arnrn~lic (~ .9. Benwic Acid) A 

ALDEHYDES 

: ~~~~~~~I~'('; ;C~~~~~~!~de) B 

""- t---
3 

C 

AMINE 
- Primary (e.g . Hhylamine) B 

: 1~~~~~~1e(.~gA~i'f,;~rhm;ne) C 
B 

CYANIDES (e.g. Sodium Cyanide) A 

~~' Ethyl acetdl.e) B 

ETHER (e.g. Ethyl ether) C 

HYDROCARBONS 

. Aliphatil (e.g.llex<lfw) C 

. Arotmlli, (e.(]. Benzene) C 
- Mixed (e.g. Crude oil) t--; C 

~NATED HYDROCARBONS 

- Aliphatic (e.g . Dict\lorONhilne) +A4 C 
r-:;:~;:'!?"'MiC ("' .g , Ch\orcb~nl~n~) . C 

ALCOHOLS 
- Aliph~t'( (e,g. Ethyl alcohol) A 
- Arotmltic (e.g. PherlOl) ____ ._._. A 

INORGANIC AC ID 
- Non·oxid;?",., (".g. Hycirochlori{ aUd) A 
- Oxid,zer, (1'..9. Nitric And) c 

INORGANIC BASES (e.g, Sodium hydroxide) A 

~7-(e ,g. Clburn chloride) A 

1 I A ME1ALS (e.g. Cadmium) --- f---i KETONES (e.g. Methyl ethyl ketene!. .... I C 

OXIDI2ERS (e.g. Hydrogen pcrox;d~) 2 I c 
Chemical Welt (,e" d"o"!"''' Of' OW"'K"1 He",!(",ce) 

I . No f.ff~(t-Mo't che",io:;al\ of \ni, ria" h."" no pr minor effect. 
2. (lxi(jlzer_·Chm:Crlh 01 lhh cj;,,, win '"U,~ Inc"""i"., ;j"gn.d<llon 
3. pt"'tldz",-Che,,, ~,ah 01 th;, da" will ''''lS" a r."""jllk "h.n9c in t';,y'k~1 p"Jr"";e, 

Chart Roling 

A ~t chernic.ls 01 thil eli!" hove little or no ~ff,(t on the lin~' 
R".t~mm . nrl .rl '~9"'dk;, 01 c"ncenitat;"'n or t~mp","ll"'" (""low 1500 F). 

S Ch.mkat, 01 th;, daIS win ~f!cct tho I""" to ,a,iom degrees 
Recmnmonu.\i()I" o'e ba,ed (," tl,. ,p.~;fic th~,,~(aI, cor\{.n\"\i~,, ,~d t"~'I"""\\"Q 
Can",I! with PoIy_ffex, tm, 

HOPE HOPE 

C A 
B A 

A 

C 
C 

C 
C 
C 

A A 

C B 

C 

C 
C 
c 

C 
C 

A A 
C A 

A A 
C , 
A A 

A A 

A A 

C 

c c 

C Chemicals of thi' dass at ~igh concent,.bom will !1 .v~ 'ignifita~' eff~(t on lh. phy,,,-,I r ' op","i(·' of th~ lim', 
G~Mr~11y not '"w'nm~n;k(j but m.}'!H: ",.c~r\.hle ot Inw C(}n'H,,",n,,,,, ,,><i with '["'."';'" d~'i<Jn <,,,,,i.,,",,ati.,,,, 
Co,,,,,lt With PHIy·FIex, Inc 

lLDPE 

C 
A 
A 

C 
C 

~ 
C 

""~ 

C 

C 
C 

c""_ 

C 
C 
-~ 

A 
B 

A c __ 

~ -~ 
A 

C 

c 

Th~ data in U,n lable i, p'ovid •. d for ;MI~nn.\;o,, ~1 P"rp~'~' ~nly ~nd i, ne( "'t~nd"rl .. ~ w,'''''ty or 911. " "(".0, I'oty.fl.~, Inc. ."um~' fl O 
'"'po",;b;\ity in ~mmec\ioll with th~ me ",I thh d.t~. Can<u!t with Poly-Bu . l,.,c, for specific chem;~~1 ,.1Jlt'TK~ l"f<lm'Mhn "nd Ii"., 
<election. 
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1. DEFINITIONS 

GEOMEMBRANE MANUFACTURING 
QUALITY CONTROL & QUALITY ASSURANCE 

ManutllC.\udng Quality Cormol (MQC) is a planned system ot rou tine Inspections t.hall~ u~ed to directly monitor 
and control the quality of a material. 

Manufacturing QU(llity A\SUrilnCe (MQA) is independent of the MQC and irlc\\)de~ In~pettlon~, verlfication~, 
audil!, and CV3\1mllor1s of maletiah and wOf kn1~nship necessary to determit'lc and document lhe quality of' a 
materia l. 

2. MANUFACTURING QUALITY CONTROL 
AND QUALITY ASSURANCE PROGRAM 

2.1 Raw Mate rial 

poly. rle )(, ' nc.'s qva~ly control and quality assurance for HDPE and LlDf'E gf'om('mbr.me rnanulattnring ~t"rts 
with the tesling 01 the raw materials. The resin manufacturers provide. documentation COll lirmlng tha t the raw 
materlills comply wilh PoIy·FlelC, Inc specilicatiom. 

Resin rnanufa(tll~rs reporl the follo ..... 1ng properties ,vilh each ret.in ~"ipll'lent: 

Density This property is ill measure 01 unit welght and ,~ an lndkalor or the degree 
of aynallini ty. It Girl be related to the ma~rlal'~ chemical r~istam:e, 

Melt lndrx 

ri9idity, permeabili ty, lcniile slJeIlgl.h, and defofmation Chllfilctcri., tiu. 

Thil property Is an indication 01 the moleculllr weight 3nd rheological 
prop(1rties of the polYfTler and can be reJilited to the prOCC'isability. 

ClUbon Black COllIei'll 
(pre-compounded emly) 

The carbon black content is an Important property to ensure protection 
against ultraViolet radial ion. The raw materials may be pre·compounded 
with the (arbon black. How(!ver, il reslm alre not pre.compounded, 
Poly-Flex, Inc. wHl ~upp lement them with lhe appropriate quant ity of 
carbon black before manufacturing liller. 

".1.1 GeOnHlm bran e Material Railcar Acceptance 

All resins, ~ddi tives and (On( t' ntr~tes \lied in Po!y-FleJC geomembrallell (lUlst have their physical integ-
rity valid~ted bpfore they can be relea\.£'d into the product io ll mat':-ri~1 stream. All ill(omlllg raikar~ are 
sampled; hl(·~ rnh1g m<otr.rial~ not delivered by raikar are sratlstlc.a lly sampled. Upon verificarjon of the re~ i n 

compliance Wi th the ~pedflcatiom, the resin Is pumped from the faikar into the sUos dedicated to the pro
duct\nn of the !Jeomembrane. 

I . R~in samplei are lakffi fro m each 01 the four payload compartments in an Incoming raikar. 

2. Resin :IiImp~~ are lent to the. laooralory_ Using state 01 the art eqUipment, /li9hly trained QUillity 
!\s.itlri\n<:e per~annelle~1 the resin Lo ensure th31 it met't.l the lpedficallQn) for producing PoIy--Hex 
geo!llE'1'f'\b .... nes. TI'IP lotlmving leb <1'(> performed lind c.ompared again~l PIXy-f lex ~pc<lIiGlliom: 
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Property Resins Additives & Concentrates 

Dfmslty (ASTM 0 J505) 

Melt lndfx (ASTM 0 1238) 

C.rbon Black (onlfl'l t (ASTM 0 1603) 

Oxidative Indllctii:ln Trine (AHM D 3895) 

3. Aller meeting prOduction specifications, the resin is pumped from its laikllr Into II silo dedicated to 
thal matefial. 

4 . Otf-spec. materlil i is r€turned to the vendor_ 

Applicbble Test Methods 

American 50eie(y far Te$:ing and Materials (ASTM) 

ASTM 0 792 

ASTM 0 100'1 

ASTM 0 1238 

ASTM 0 1505 

ASTM 0 1603 

ASTM 0 1898 

ASTM D 3895 

ASTM D 4833 

ASTMDS 199 

ASTM D 5323 

ASTM D 539 7 

ASTM 05596 

ASTM 0 5617 

ASTM 0 572 1 

ASThl D 5885 

ASTM D 5994 

AS1M 0 6392 

ASTM 0 6693 

Specific: gravity (relative density) and density 01 plastics by dilplac('men t 

Initi.ll t~a r re5istanc:e 01 pla~IiC ~h«:ting 

Flow rales 01 thcrmoplastiu by extru~ion pl,·"tomelet ~ 

Density 01 plastiu by the Oen~ty-Gradi('flt t«lm'qUE' 

Carbon black in olefin pliI~t1Cl; 

Sampling of pla~tics 

Test method 1m- oxidative induction time of polyolellm by th(,fmal alla~j~ 

Illdex Puncture Resistance of geotextiles, geome,nbrllnes ~nd related products 

Test method tor meiUurlng nominal thitkne~s of geotl!xliles .11'1d geomembr<me 

Determination 01 2% secant modl!llI ~ 101 polyethylene geo'Tu!mbranes 

Procedure to perform a lingle poInt notched constant tensi le load _ Appendix (SP
NeTL) test 

Test method for microscopic eVilluatlon 01 the di5persion of tll rbon black in polyole. 
tin gl'osynthetia 

Multi-01xial tension test for geasyntheti('1 

rractice for ai r-oven aging of polyo\(oflll geom~.mblan(!S 

Test method for oxidative induction time 01 polyolefln 9('~yntl~tia by high prc.~
sure ditf(!rentia\ scanning Gllorimetry 

Test method for measuf lng the. cOle thickneu 01 textHred gwmembranes 

~terminin9 the illtegr ily of nonreinforcec:l gcomcmhraf~ M'o1m~ produced u\ing 

tJ~fmo--fusing methods. 

Dt'term;f1in9 lemite prope~ of tlOnf~nfofCed polyethylene ,md non.-einfort.ed 
lIexible polyprupy1ene geom£'mbranes 
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Geo$ynthetio R.esearch Institute IGRI) Standards 

GM1{) 

GM11 

GM 12 

Specification for the stress crack resistancE' of geomembr,me sheet 

Accelerated wr~therin<J of genmembranes IJsing a florescent UVA-condensation 
exposllre device 

Measllr~m~nt of the ~sr\"rity height of textured geomembrane~ lJ\ing a depth gauge 

Addendum to Test Procedures 

The following are modir;(~liom or clarifications to test procedures_ 

1. Specifications are based on the average of Machine Direction (MD) and 
Cross Direction (XMD) values. 

2. Specimens shall be taken uniformly across the width of the sheet as stated in ASTM 0 1898. 

3. MANUFACTURING 

3.1 Blown Sheet Process 

Polyethylene r('sjn is pumped dir('ctly fronl storage ~ilo~ or from tote~ on the floor to hoppers above the e1<truder. 

Hoppers feed resin into the e1<truder. The resin is heated to the melting point in the extruder barrel. It is con
veyed through the harre! by the rotation of a Ipecia!1y de~igned ~crew which, in conjunction with heating ele
ments along the barrel, proVides consistency to produce a molten polymer ~tream. 

The molten material i~ fOf(;:ed through a screen pack, which act a~ a final filter for impuritif'5 or contamin~nb, 
and up through a die_ It f'xtrudes from the circular die as a film tube ("bubble"), pulled vertically by a set of nip 
rollers loc~ted at the top of a cooling tower. An IBC (Internal Bubble Cooling) unit, part of the extruder, main
tilins consistent bubble di~meter. Material g~uge is monitored ~nd milintilined by a computer system Wllich 
controh the operation of the extrnder. 

At the top of lhe tower the bubble pas_ses through a collapsing frame and is pulled through the nip rollers_ The 
m~tNi~1 i, directed back toward the ground, and continues cooling as it ilpproaches a Winding machine. Before 
being taken up by the winder, the tube i~ spilt and spread to its deployable widtk The winder rolls the finished 
geomembrane ont.o a sped31ly made heavy-duty core. 

3.2 Process Quality Control 

Poly-flex geomembrane, are manufactured via the blown sheet process fhis is a conlinlioUS pmcess_ The key 
e\ement~ to succe~sfully producing a high-quillity liner is to maint3in comistellcy in both the raw mater;ill and 
tIle process. As described above, raw material comistency is e\labli,hed in the Iilbofatory when the re,in is ini
tially received. ConsiSl.e,Ky during lhe processing is assured by an on-line quality control monitor. Thi~ repre
sentative of the quality depJrtment has been specially trained to monitor the process lind the liners during the 
manufacturing process. 

The extrusion proce_\~ starts with the verification of the forml,llalion. Thi~ is done al tile beginning of each order 
or blend change by the extru,i()n mJnilger and then is continuOllsly monitored by the on-line q\l~lit)-' control 
repre5en\~tive. 
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The process conditions during manufacturing have b\"en optimiled for each rel in form\l!~ti<.ln_ The_, ,,, conditions 
are kept in a log book which is available to the line operator. The,e proces~ conditions mllst be m~inlained 
throughout the prod\J~\ion run. Any variiltion of process parameters from the set point range recorded on the 
process log book are immediately reported to the production supervisor by the on-line quality control represen
tative. If the variation exceeds the control fange, the quality control repre~entative places the material being 
produced on hold. Maleriah are placed on hold until the proces~ is brought under control. 

The on-line quality monitor can also place material on hold if the material has any visual defect (holes, water 
spots, or scratches) or dimensional abnormalities (width, length, and thidness) 

AU milteriills placed on hold will be further inspected and tested_ If the material passes $pecification and i~ 
approved by the quality control manager and/or prodlKtion manager, the material will then be released into 
stock_ II t.he material fails to pass ~pecification or does not get 3pproval of either the quality control manager 
or production manager then the material will be reclassified or scrapped. In €ither case it cannot be sold a~ a 
prime Poly-Flex geomembr~ne. 

POly-Flex geomembranes are continlJously fnonitored for pinhole~ dilring the mililufacturing process by spark 
testing equipment_ The ~park tester unit i~ iI perpetual monitor of any holes that could swface in the sheet 
The spark tester mOllito~ the enUre layflat width of the sheet ilS it is being manufactured. The detector oper
ates from a 120 V AC power supply. The 120 volts are transfor'ned to a higher voltage that ranges from 0-14 
kilovolts. The electrode is made up of a long semiwnductor blanket that i~ positioned to layover the sheet as it 
passes over a steel roller prior to final winding_ A grounding conductor is connected to the roller with iI return 
line to the controller. If a hole passes under the electrically charged blanket, the voltage will arc to the steel roll
er and the detection system wiU sense the voltage drop, thllS triggering an audible alalm and shHtting down the 
winder. Twice per shift, the quality control technician tests the spark tester by introducing a 1/32" pinhole in 
the sheet. This hole is at the end 01 a roll after the ;;cheduled footage ha~ been ilchieved_ The winder continues 
to run until the hole is detected. OrKe the hole is detected, the a!ann sounds and the winder shuts down. The 
quality control. technician restarts the winder and cuts out the entire !ayflat area of the pinhole. 

After a roll of material has been produced it is labeled and a retain IS cut for laporatory eV;lluation. 

3.3 Roillabeling 

Three labels are affixed to each roil, as described below: 

1. One label on the out~ide of the core. 

1. One labe! on the core plug. 

3. One labe! on the roll surface 

An addition~! !~bel is attached to the laboratory sample. 

3.4 Storage, Staging and Shipping of Geomembrane Rolls 

Finished rolls (verified and l<lbeled) are moved to the ~tNage area using a specially designed cart and remain in 
storage until a Purchase Order i$ received. Rolls selected for ~hipment are moved to a staging area, where they 
are held lor 11 truck_ Before loading the order for 5hipment, all documentation h checked against the informa
tion on the roll labels. RoUs are lifted and moved using 11 loading arm equipped With rigging and hooks Fork
lifting milchinery are never to be used to lift or move geomembrane rolls. 

46 



GEOMEMBRANE MANUFACTURING 
QUALITY CONTROL & QUALITY ASSURANCE 

3.5 laboratory Quality Control & Quality Assurance 

Based oro the philosophy that qua lity cannot be in~ected into It product and th/l l " coruinenl raw milter'at and 
~ cOIl,!'!ent protCH wi ll yield ;jI (ons i~tent liner, laboratory If'.sting 01 PoIy.FlelC gcomembrolne i, provided pri
manly fO'r roll certification. 

A rllta;n hom each roll is provided for the labora tory. H!Sling Is cond'lcted on the retain$ as Indicated below. 

Properl), Test Method Tel1in9 Frequency (min.) 

lf1 l~ kneh (m'Wloth ~tw.Cll) ASTM D 5199 !X'J roll 
(I<,M I,, 'e" ,I"':et) AHM 0 599 -4 

At~.tt)· H~;ght (u:l(\u, .. d ~Met only) GRIGM12 CVflty lCCond roll 
Alltfll"tf' rhe: ~;!S""f1"I\'nl ~id~ ror clo ... bf.:,·s!ded tl.'xtu,trl lheet. 

Sheet Qt,n~ty ASTM D 15051D 7<)2. 200,000 ., (9(l,QOO .9) 

Tf! t>lUe J'rope,tI ... ASTM D 6693 20,000 Ib (9,000 kg) 

I . Y'oefd ~t"ng\h (HOPE Of'ty) 
2 Slut Shrngth 
3. y~ [lollg'llon (HOPE only) 
4 B,ulr Ebtg~llOn 

2'!Ct ModukJ, (lLDPE only) ,A'>lM 0 S123 pc!1 tAA lo.mui;nior> 

Tt~r R~.i$llnct AHM 0 1004 45,000 lb (20,000 kg ) 

MellNe Rt~r~\.I"Ct ASTM 0 4833 ~5,000 lb (ID,OOO kg) 

Axl-~ynwtJ'k: Break Strain (LLDPE only) MTM DS611 per t "c.h lurmul~lm" 

SIren Cflick R e~fltallce (HOPE only) ASTM j) SOW] (App.) per GRI GMIO 

C. rbo ll Black Cr!llt~rrl ASTM 0 1601 2Q,OOO Ih (9,000 kg) 

Cl rl>on 61~ck ()llpe'-~ion ASTM 0 5596 45,000 Ib (20,000 ~9) 

O_ldll'~ tndl.lC.liot1 Th1f (Oln 
Sl ~.td~f(l on' A5TM D 339S 200,000 10 (9(1,000 ko}J 

Own Aging .1 35'C ASTMU5721 
High Pr~rc OH MTMD58!5 pel cloCh l(l'mubti!'ll 

WRfl.IJ~'>C't GIl! GMll 
Hl9h Pte»Ule OIT ASTM D 5!18S per tad> lonnulJtion 

After the ttlling hal been completed, the data is revWved by the quality contlol man.llger. II any rolb do not 
meet Ipt'ctlrutiom, IIdd llion~\ t .. ,ling i\ conducted on that roll. lithe roll sttU don not mec!t IPedfKdtiofl~ the 
production man"ger h notified and the toO is placed on Ilold 

Nte-r thE' da lil ha5 ~l t('Vi('w!;'(i il ~ entered into a product lile whkh is u~d fOI loll ct'ftification. 
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4. 
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MANUFACTURING QUALITY CONTROL PROGRAM FLOW CHART 
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PAPER FLOW FORMS 

5.1 Product Ouality Report 

This report documenu the raw material lllan\Jf"c:tunn's test results for the phys ical properties 01 the incoming 
resin. E.ad\ incoming sblpm('nt to Poly-Flex is a((;ompanied by such a report. A coPy 01 this report Is \cnl to the 
englneer/dlent with the fini~hcd product. 
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5.Z Rsilcar Resin Report 

Thi ~ report Is used by Poly-Flex's laboratory to document rewlll; 01 tests pc'rf tmned on Incoming r~w material. 
The ~e results are checked ag~lnst Poly-Flex's raw material spedtkaUOm and the Product Quality Report issued 
by the rIllloterial manufacturer. 
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5.3 Quality Control Report 

Thl~ report Is st'nt to the engineer/die'lt as Poly.fle/(, Inc'} itandard quality (ontrol report. It documents the 
property value.~ 01 the sperjfic loll.~ \hipped to d project. 

r CERTIFICATION SHEET OAlE: 

PIIOJECTHO< QROERNOo 

TRIP NO: c:ERTIFIiD BY, 

i ~< 

§~ · 'Il!:!1 OI!3CP"'lION .. • " S JMMETJIOD M'H m~ m_ 

~" m~s • • 
SPeCIRCArlON 

ItOUNUMIII",R ~"' 

--
1 ____ _ 
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----- r---
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:---

f-----

~ ~ 

~ ~9 
.~ - OHn 

• -
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",.., .... ",M .... !>'<'·. 

Gr.f'II"' ..... Teno 7r.G51 
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IMf" -, "'ff' _eN DUltl ~, -• - • ~ ~-

--

--c----c-- - ----------c---- -.- -
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5.4 Ho ld Tag 

During production, IIny roll found to be defe<:!ive i. tagged and immediately n::move.d. The roll will not be 
relea ~!!d for ~hipmellt, but it win be studied to determine the cause 01 lhe defect. 
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1. MANUFACTURING QUALITY CONTROL AND QUALITY ASSURANCE 

Tills ~e<: ti on de\cdbes the mantlfaclUr;n9 quality control ~nd quality aS1IJranCe lor Poly-Fle)( drain~ge net and 
geocomposite products. 

1.1 Applicable Test Methods 

American Sodety for Testing and Material, (ASTM) 

ASTM 0 1505 

A5TM D 1603 

Demity of plastics by the dell~i(y-gradien! tt'chnlque 

( .. rbon black in oMir) plastic~ 

ASTM 0 4355 Deterioration of geut€xtHl's by exposure to light moisture and heat in Xenon Arc 

ASTM D 4491 

A5TM D 4533 

ASTM D 4632 

type apparatu5 

Water pt'rml'.ability of geote)(tile~ by tne permlntvi\y method 

Tnlpezo;d t'-'aring strength of geolelll iles 

Breaking load am! elongation 01 geotelC l "e~ (grllb method) 

AS"IM 0 4 716 Detf'rminill9 the (in-planl') IIovJ tate per unit width and hydr.lLIlk. IranYTlinivity 01 
geo\ynthetio; using constant head 

ASTM 0 -4751 DeteOTlining apparent opening !.In of geo t~lC',ilcs 

ASTM D48B Index puncture reshtanre of geotexliles, geotn('mbrnlles, and r(,I" led products 

ASTM 0 5199 Me"mlring nomimtl thlctnelOS of gcolexI,I<!S and geomemhranes 

ASTM D 5261 Me.nuring mas~ per unit arca of gcotcxliles 

AS1M D 7005 Detennining th .. bond ~tren9\h ply adhe~lon of geocomposite~ 

ASTM 0 71 79 lJe\ennining geonet breaking forte 

2. RAW MATERIAL 

AU resins, additives and concentrates med in Poly-Flex drainage net must meet POly-Flex specifications betore 
being re leased Into the p ruductlon material stream. Resin samples are t..'Iken from eath h1(Oming railcar. The 
resin density, melt Index and carbon black content (for prerompounded resim) are dete rmined in the Poly-Flex 
laboratory. Upon verification of the rC5 in (ompliance with the spcdficatlorn, the re.sill iJ pumped from its raikar 
into a ~i lo dediCilted to producHon of the dlilinagt' net. 
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3. MANUFACTURING 

3.1 Drainage Net 

Poly-Flex dr~lnnge net cOl1s i~B of approximately 97% polyethylene, 1.5 to 3.0% carbon black, ilnd other addi
live~. The dwlnage net i ~ continuously monitored dlRing thf.' manufac1uring proces~. The key elem!.!nt to ~uc
cesslully manufacturlug high quality drainage nets is to maintain consistency in both the raw material and the 
proce~s. Rilw material consistency h established in the laboratory when the resin Is Initia lly received and tested. 
An ol"l-ilne quality (ontro l moni tor establishes comistency during the proces~ing . This repreentll t[Ve of the qual_ 
ity department has been specially trained to monitor the proces~ and the products during the m"nufach!ling 
process. Till.! on- li ne quality monitor can place malerial un hold If the material has any vl~uc'll defecB or dimen
sional ilbllormfllities. AH rnaterials plllCed on hold will be further inspected ,,00 testl!'(!. If the mated<ll paHes 
spec.ifiCation and is apJ'lf"oved by the quality control m,IIlagel and/or production ma<'lilg(! r, the malerial will then 
be re lell~ed inTO stock. II the material fails To pa~~ the ipedUcaUon or doe r)ot get approval of the quality con

trol manag~ or production manager then the material win be red .. s~ifled or scrappe4. In either ca~e it amoot 
be sold as a prime. Poly.f lex df'linilge net. 

3.2 Drainage Nct/Geotextile Geocomposite 

Poly-flex geocomposite~ con}I!! 01 a geolextile bonded to one or both .sides oi lne Poly-Flex dr<Jinage nel. AU 
geote)(t~es mu~l meet the. specifkatiOflS before being eligible 10< production 01 geo<.omposites. Poly-Flex uti
lizes a heat bOlldillg prOCfm to laminate the geotextile to Ihe drainage net . An on-li~ quality contro! monitor 
e tabJl1ihp..s consislency during the processing. TI1 i5 repre1e!ltalive 01 the quality department has been spedally 
trained to monitor the process and \.he producLs during the lam)n~tlon proc{'s~. The on·lIne qu~li ty monitor can 
place material on hold II the material ha~ ~ny vi~uat defects or dimensional "bnormalil\el. All materIa ls placed 
on hold will be further Ir'lspected and tested. If the material plme speclfkat!un and is ilpproved by the qUillity 
contro! manager andlor production manager, the material will then be released Into stock. If the.malerial fails to 
pim Ihe spedfkation or does not get approval of the quality conlrol milnager or production manager then the 
m"teti~1 will be r('cl a~sified or scrapped. In either case it cannot be .\o ld a; a prime Poly"~ l ex gcocomposite. 

3.3 Roll labeling 

Three Idbels arE "ffixed to e~dl roll a5 described below: 

1_ One label on the inside of the core_ 

2. One I~be l on tne face on the. ro ll. 

3_ One label on the end of the roll. 

An ~dditional labells attacherito the laboratory ~mple. 

3.4 Storage, Stagi ng and Shipping of Drainage Net and Geocomposite Ro lls 

An dfaina.ge net and g!OCompo~lte rolk are ~trelch wrapped priol 10 rllo\';n9 them to the ~t orage area. Before 
~hipmE'nt. 1111 ®(umentflilon i~ checked against the mform.)Uon on the rolllal)eh . A f\rU trucklQild consists of 24 
rolls 01 dwinage nel and/or geO(ompo~ite mJterial . 
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3.5 laboratory Tes ting Progra m 

3.5.1. OP Ui'-'II 9" Net 

A 15 inch wide sample II cut acro~~ the width of every 10lh roll anc1 brought to the Poly-Flell laboratory 
for tesling. The ~~mple is checked for visual defet;L\ and then te~ted a«ording to the following: 

Prope rty Test Me thod Te ~tln9 Frequency 

lllkkncn ASTM D 51 99 50,OOO ,f 

D.n~ity ASTM 01505 50,000 It 

C"lbon !!lilt k COlltellt ASTM 0 1603 50,000,1 

Tm.1ie St,~ugth MTII.! D 7179 sn,ooo 11 

T.~ntmhMy ' ASTM D .716 100,000 if 

Thto lilbolilto,'1 IT\.:Jnagt't review'\ all tat fe1ulu to insure the product rm!t'u the Spe<.!liutiOIl. Any roU tha t 
does not meet the specifiu.tion is immediately repor ted to tile on-line quality control manager and the 
roll($) II placed 00 hold for furth~ evaluation. 

3.5.2. Geol"kUl. 

The m~n\lfacll'rer 01 the geole)l \ile 5h;II1 submit quality ccotrc l telt lesulu fUI the geute)(tile rOlllo. Ttw rolts 
muSt meet the s~cifiClltiol)s before they are accepted lor prcductlon c r geoccmp~ites. 

TIll! g ('\)\~' ~\Ile m<'\nllf<'\ ( turer sh~ !! p<e rlorm the full()wlng tes ts: 

Prc perty Test Method Te~tjn9 Frequency 

Unit WCl9ht ASTM D 5261 100,000 ~f 

(ir ~b SLrel1l1th ASTM 0 463' 100,000 ~I 

(',.ab f.1009Jt.0I1 ASTM 0 463' 100,000 $1 

Tear Streogth ASTM 0 4SH 100,000 ~ 

I'unctu.e ~JI\laoCe MTt.! 0 <11133 100,000 sf 

rrfl""tt n,.;ty ASTM 0<1" 91 500,000 Jf 

'0' ASTM 0 4 7S1 500,000 11 

IN StHlolity ASTM 0 435S MdflufatlIJ' er I~btont.ll Oata 
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3.5.3. Geocomposite 

A IS Indl wide sample 15 cut aaoss the width cf e~ry 20th roU amd brought to the Poty-Ffex laboratory 
fo r testing. The sample is checked fOl visual defects and then tested ;,ccordltlg to the !o!towing: 

Properly 
TrHnsmhlivllyl 

Test Method 
ASTM 04716 

ASTM D 700S 

Testing Freq uency 
100,000 sf 

100,DOl) ~f 

1 Tflln)m t~~lvlty lest 11 perfo. med with the drait1age net or the !J~c()mpo~lte bttween two I1H'Ial plate:!; at 
II hydrauhc gtadifont of 1.0 and II nnnnaf pteSSllfe 0'110.000 pst (480 kPa). The ~lItin9 time il l S minute~. 

The laborlltory mllnager review!; "Il lest rerull'l 10 ... n~\Jre lhe prodlKt n'teel' the IpecifKation . Any roll that 
does nOt meet !.he ~peciflCa tion is immediately reported to the on·line. quality clmlro! man,'get ,md the 
roll(s) I, placed on IloId for further evalUll tion. 

3.6 Ouality Control Report 

The following r("porls ate st'ot to the engineer/client.u Poly.He:.:, Inc.', nandard quality c:onltnl reporu They 
dorumenllOe prOfl('lty ll'alua of the IpecifiC mill; shipped to the project. 

l .B.1 Dntinage Ne t Cert ification Sheet 

SHEET ~~ :!NO. 
HIOIKT_ -- ._- --'"- -----
~ 

Im'~. ~ ~ , , , 

--
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3.6.2 Geocomposite Certification Sheet 

CERTIFICATION SHEET 

"" O.>[OT"", • • 

'"",~O'. 

I" "_ -"""" """- _ : 

"--

1--" -

on"." ""." 
ctr"-mm n " 

i __ 

PO;;;.~':~'S~!,~NC. 
G, ""D,.~~ T,.~ " ,," 

r--" 
""""" ...•• --1--

-"--I-" " 
" "t-

" -"t----"~ 
"r~ 
"--
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DRAINAGE NET 

SKAPS TRANSNET™ HOPE GEOCOMPOSITE WITH 220 MIL GEONET 

SKAPS TRANSNET™ GeoComposite consists of SKAPS GeoNet made from HDPE resin 
with non-woven polypropylene GeoTextile fabric heat bonded on both sides of GeoNet. 
Property Test Method Unit Qualifier 

with 6 oz. 
oz. 

GeoNet 

Mass per unit area ASTM 0 5261 Ib/ft' 0.17 0.17 0.17 Minimum 

Thickness ASTM 0 5199 mil 220±20 220±20 220±20 Range 
Carbon Black ASTM D 4218 % 2 to 3 2 to 3 2 to 3 Range 
Tensile Strength ASTM D 5035 Ib/in 45 45 45 Minimum 
Melt Flow ASTM 0 12383 g/10 min 1 1 1 Maximum 

Density ASTM 0 1505 g/cm3 0.94 0.94 0.94 Minimum 

Transmissivityl ASTM D 4716 m2/sec 1x10'3 1x10'3 1x10·3 MARV2 

Ply Adhesion GRI GC7 m'/sec 0.5 0.5 0.5 MARV 
(Minimum) 
Ply Adhesion GRI GC7 Ib/in 1 1 1 MARV 
(Average) 

Transmissivityla ASTM 04716 m2/sec 2.75x10·4 2.25x10' 2.0x10'4 MARV 
4 

GeoTextile 
Fabric Weight ASTM 05261 ozjyd2 6 8 10.0 MARV 

Grab Strength ASTM 04632 Ib 150 225 270 MARV 
Grab Elongation ASTM 0 4632 % 50 50 50 MARV 
Tear Strength ASTM 04533 Ib 60 90 100 MARV 
Puncture Resistance ASTM 04833 gpm/ft' 95 130 165 MARV 

Mullen Burst ASTM 037864 psi 325 450 550 MARV 

Water Flow Rate ASTM 04491 gpm/ft' 125 100 75 MARV 

Permittivity ASTM 04491 sec-1 1.63 1.26 0.94 MARV 

Permeability ASTM 04491 em/sec 0.48 0.3 0.30 MARV 
AOS ASTM 04751 US Sieve 70 80 100 MARV 
Notes: 

1. Transmissivity measured using water at 21 ± 2°e (70 ± 4°F) with a gradient of 1.0 and a confining pressure 
of 15000 psf between steel plates after 15 minutes. Values may vary between individual labs. 

la Transmissivity measured using water at 21 ± 2°e (70 ± 4°F) with a gradient of 0.1 and a confining 
pressure of 10000 psf between steel plates after 15 minutes. Values may vary between individual labs. 

2. MARV is statistically defined as mean minus two standard deviations and it is the value which is exceeded by 
97.5% of all the test data. 

3. Condition 190/2.16 
4. Modified 

http://www.skaps.com/geonet/specifications/ geo _ tn220.html 10/29/2008 
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~~ - GT-112 is a needle-punched nonwoven geotextile made of 100% polypropylene staple 
which are formed into a random network for dimensional stability. SKAPS GT-112 resists 

ultraviolet deterioration, rotting, biological degradation, naturally encountered basics and acids. 
Polypropylene is stable within a pH range of 2 to 13. SKAPS GT-112 conforms to the physical 
values listed below: 

PROPERTY TEST METHOD 

Weight (Typical) ASTM D5261 

Grab Tensile D4632 

Trapezoid Tear ASTM D4533 

Puncture ASTM D4833 
Resistance 

Mullen Burst ASTM D3786 

Permittivity* ASTM D4491 

Water Flow' ASTM D4491 

D4751 

U.V. Resistance ASTM D4355 

UNIT M.A.R.V. (Minimum 
Roll \1210 ... , 

12.0 (407) 

300 

% 50 
-" ,~ .. ~~~".-.. - .. ,~-,=~,~., .. , * " .• ,==-,~,.-.,.,-•. -,~-.,., .. -,.,.=--~,-

Ibs (kN) 115 (0.511) 

Ibs (kN) 180 (0.80) 

* At the time of manufacturing. Handling, storage, and shipping may change these properties. 

PACKAGIN.,,-G=~ __ _ 

Estimated Roll -Ibs 375 

* At the time of manufacturing. Handling may change these properties. 

This information is provided for reference purposes only and is not intended as a warranty or 
guarantee. SKAPS assumes no liability in connection with the use of this information. 

Home :: i)roducts :: Location :; Directions:: Jobs 

http://www.skaps.com/nonwoven/specs/gtI12.htm 10/29/2008 
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TRI/ENVIRONMENTAL, INC. 
A TeXllS Rsse"rolllntemll1lonai CompllflY 

May 30, 1997 

Mr. Paul Barker 
AGRUIAlneric&, Inc. 
300 West Davis, Suite 520 
ColltOe, Texas 77305 

Deilf Mr. Barker. 

713-893-6278 p.l 
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TRI/Enviromnental, Iru:. (TR1) is pleased to ll~sent this 120 Day Final Report for geosynthetic 
chemical compatibility studies via EPA Method performed on AGRU smooth 60 millIDPE 
geomembrane. 

TRI thanks AGRUI America for the opportunity to work on this project. Please cal! me if you 
have any questions or require LI.tIy additioca1 infonnation. 

MartinD. Nelson 
Project Manager: Geosynthl:tic Technologies 

ce: Mr. Sam R. Allen 
Program Manager 

9OB3 Bee Oaves Road· Austin, TX 78733-6201' (512) 253-2101· FAX 263-2558' 1·800-I!8C·T·E·S·T 
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FOREWORD 

The testing r~rted bereln is bused upon accepted industry prac:tic:t as well as the test 
method listed. TRIlEnvironmental Inc. (TRl) neither a.ccep1:S l'esponslbilfty for Ilor makes 
claim as to the ·finalll5e and purpose of the materials tested. 

Tests were performed under laboratory conditiollS and not under actual usage conditions. 
TlU 0:&11 give 110 tonelusions as to the seniceability, life expectancy or general durability of 
the products tested when used in II lining and/or le3£hate collection system. 
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A 120 Day Final Report; 

Laboratory Testing of Geosynthetics 
for Waste Containment 

EPA Method 9090 

May 1997 

Submitted to: 
AGRU/Arnerica, Inc. 

300 West Davis, Suite 520 
Conroe, Texas 77305 

Attn: Mr. Paul Barker 

Submitted by: 

TRllEn-nronmental, Inc. 
9063 Bee Caves Rd. 
Austin,: Texas 7813.3. 
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1.0 INTRODUCTION 

This report descnbes the work performed by TRIlEnvironmental, Inc. (rR!) to determine the 
chemical compatibility of one geQmembrane product with one waste leachate. The objo;;tive was 
to determine the resistance of the geomembrane to changes caused by exposure to leachate. 
Changes in physical and mecllanicall'foperties were measured after e1qlosure to tlle leachate at 
23'C and 50'C for 30,60, 90 and 120 days. ElI:posures were perfonned in accordance with the 
exposure regimen specified in United States Environmenta.l Protection Agency (EPA) Method 
9090A. 

Methods, results and discussion are provided in the sections which follow. Test results are 
provided in the Tables of Results which acc:ompany this report . 

2.0 .M:J;:THODS 

2.1 Materials 

The material selected for evaluation in this chemical compatibility study was 60 mil smooth High 
Density Polyethylene (HDPE) geomembrane manufactured by AgruiAmerica, Inc. Roll #638571 
wa.~ provided by Agruf America. 

2.2 Leachate 

The exposure leachate used during the testing was a synthetic municipal solid waste (MSW) 
leachate. TRI generated the synthetic municipal waste leachace by spiking a quantity of actual 
MSW leachate (secured from the NEN'T Landfill in Hong Kong) with variou.s chemical 
constituentS.as required by the Pennsylvania Department of Environmental Re8Ulation (PACER). 
Spiking was accomplisbed using standard solutions used fat instrument calibration for organics 
and salts used for the inorgonics. Spiking was performed to assure a minimum concentration as 
defincd by the PADER requirements. The exposure media met all requirements as defined by 
PADER. 

After spiking, the leachate, contained in a fifty-five gallon drum, was stirred for twenty four hours 
and allowed to settle. Leachate was tben transfer.red to exposure cells for chemical resistance 
testina· 

2.3 Exposure Conditions 

Geomembrane specimens were exposed to the waste leachate following the specifications of EPA 
Method Sl090A as they r:elate to exposure to waste fluids. The tanks used for tbese exposures 
were maintained at 23 .± 2"C and 50 ± 2«: throughout the 120-day exposure period. Tanks were 
consl.!'llCted from cbemically resistant glass, fitted with stirrers and heated with a circulating hot 
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water heat exchanger system. ihe 50"C tanks were sealed with a lid., and a reflux condenser Was 
installed to minimize loss of volatile leacl\ate components. 

2.4 Testing Procedures 

'table 2 lists tests performed on the geomcmbraoe. The number of test replicates was doubled for 
blUleline determinations on unexposed materiaL 

Table 2. Tests perionned OIl geomembranes 

Test or PIIn;",,1 l'roport;' Meth<xI Numb.,.. of replica ... speeim_ 

Oim.".;= and weight EPA 90!l0 l readings 

Hardn ... ASTM D2240 :5 
D .<c.'!Ie 

VolatUes and 57;.t);OI:!ables :EPA SW 87Q :I. 
Appendix III 

Specific Gravity AJ;TM D 792 3 

T1'I1$11. Properties ASTM 1)638 3 

Modulus of ElastiCity ASTM D g82 3 
Tangential Moduluo 

Hytlrostalie Resistance AsTM 0751 3 
MethOd A 

Tear Strength AS'l'M D 1004 3 

Puncture Re.iBWIOe FTMS [OIC Method 3 
2065 

Environmental Stress Crack A8TM 1) 1693 2 
Resi.""",. 

Where appropriate testing was performed in both the machine and transverse directions. 
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Test results are preBented in the Test Results section which is included with this report. Test 
results are presented in tabular form as well as grapb.ica\ form. 

10 considering these results. it lI11l:It be determined through omginecrillg judgment whether 
observed differences in the value of test results measured before and after immersion are due to 
product variability, unidentified factors relating to the test procedure, or lcac!Jate interaction with 
the products. Any significant chemical interaction with leachate would be clqlected to result in 
degradation trends wb.ich are consistent across the> ,'mous properties beiDg eVRIuated, and not 
\$olatz:d to one set of test teSUlts only. However, with each type of material theIe may be specific 
properties wb.icb are highly sensitive to l=hatI:-indw:ed effects. These facum ll1IISt be 
considered in evaluating the various test results for a given product. 

Also of critical impOrtanee is the issue of product variability. With geomembraoes, a range of 
physical and mechanical index test values covering 1S % or more of the average is llDt uncommon. 
This can be traced to variability inherent. in the product. and the randomness '$sociated. with the 
onset of failure under the specif:u:d testing conditions. However, in crn:mical compatibility testing 
the statistical sampling of a broad range of !ll8Ilufactured product is not possible. Therefore, the 
small size of the sample population rested at each tim: point must be taken intO consideration. 
The criteria 00 be applied in evaluating data meaBUted before and after leachate immerlIlon should 
be that property changes. if observed, are consistent and so great that product vBriahility and 
experimental factors can be ruled out. 

In this report, standard deviations (SID) are reponed for most measurements involving three or 
. more replicate specimens. 10 statistics. the standard deviation is defined as root of the mean 

squared deviations of individual test te$\JltS about the mean value. The standard deviation is a 
quantitative measure of variability within a group of measurements. 

One related measure of variability observed within a sample set, relll.tive to the magnitude of the 
mean value itself, is the coefficient ofvariarlon or variance (COV'). The coefficient of vari!I.IICe 
is defined as the standJl.rd deviation divided by the mean associared with a group of specimens. 
and may be expressed as a percentage. The COV pr.ovides an indication of what proportion of 
the mean value may be attributable to random experimental factor:; or product variability. It is 
useful to consider apparent changes in property values-against the -eti!erion of COY since observed 
changes wb.icll raU below the COy may not be significant. This approach was used in preparing 
the tables in tlIe next sections. 
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The term rr:m8e refers to the difference between the extreme highest and lowest points within a 
group of measured values. Considering range as a percelltage of the mean values p(Ovides another 
measure of variability within a da.taset. 

In the tables, !be high and low extremes for percentage change in mean values are liSted for 
comparison against COY and range as a percentage of mean from the baseline sample group. The 
high and low percenta,ge changes are the extremes fr()tt1 data measured at 30, 60, 90 and 120 days. 

Agrul America 60 mil smooth HDPE Geomembrane 

Table 3 illustrates the range of =iability in baseline data compared with some of the observed 
changes in average test values measured aftel: immersion for the HDPE geomembrane. 

TobIe 3. Basdine """ftici~lIts of varisotion ond ran," or percentage chonge.-JJ1s Cor AgrlllAme(iCl 
60 mil flDl'E Geomembrane (mechanical prop!!rties tcstlDIl only) 

Test B .. elln. COV BASeline Range High Observed L_Observed 
(%). as '% of Mea.- % Change '% Cb:auge 

Stress @ yield (M'D) 3 8 +s ~ 

E101>1!ation @ JfcId (MD) 5 12 +20 +1 

Str<l1S @ break IMD) 5 14 +14 -13 

Jl,!ongatlon tIP break (Ml)) 4 11 +8 -18 

Tangential Modul.., (!lID) 4 12 +9 -6 

T""r Strmgtlr (MD) 2 6 +4 -z 
l'utw!ture RcsistmIce 2 6 +8 0 

. • " +4 n 

* Note that the greatest blliSellne ebang. (or tlt. four exposu •• .,erlode was reported. 
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Changes in certain measured. physical and me~hanJcal properties were noted for the geomembrane. 
However. the observed changes were random and are believed to be the effects of produ~t 
variability and eXperimental factOrs. In the opinion of the authors, the datA, considered togetller. 
support the conclusion that observed changes were not caused by exposure to the test leachate . 

TRIlEnviromnental. Inc. is pleased to have been selected to participate in this project . . We trust 
that the information provided in this report meetS your requirements for technical. documentarion 
()f this chemical compatibility study. Please do not hesitate to call if you bave any questions O{ 

require any additional information. 

c~~4U<>-
Sam R. Allen 
Pro~am Ma!)2.ger 
Geosynthetics Technologies 

TRlIEnvironmental. Inc. 



TRI GEOSYNTHETICS SERVICES DIVISION 
PaDEP Leachate Analysis 
Testing performed by TRllEnvironmental, Inc. 

Analysis : March 02-27, 1999 PaIJEP 
LaO Blank Synthetic Leachate 

Analytes (ug/L) (ug/L) (ug/L) 

Organics: SW 846 Methods 624, 625, 608 

Acenaphthene 10 NO 113 
Acenaphthylene 25 NO 67 
Anthracene 10 NO 52 
Benzene 10 NO 811 
8enzo(a)anthracene 10 NO 28 
Benzo(a)pyrene 10 NO 52 
Benzo(ghi)perylene 10 NO 45 
Benzo(k)flouranthene 50 NO 33 
3,4-benzofluoranthene 25 NO 49 
Chrysene 10 NO 52 
Dibenzo(a,h)anthracene 10 NO 48 
Ethyl benzene 10 NO 2600 
Fluoranthene 10 NO 54 
Fluorene 10 NO 52 
Indeno(1 ,2,3,c,d)pyrene 50 NO 63 
Naphthalene 10 NO 288 
Phenanthrene 10 NO 65 
Pyrene 10 NO 45 
Styrene 10 NO 170 
Toluene 10 NO 15000 
Xylenes 10 NO 280 

PCBs 10 NO NO 
Aldrin 10 NO NO 
1,2-Dichlorobenzene 10 NO 1200 
1,4·Dichlorobenzene 10 NO 700 
Hexachlorobenzene 10 NO 300 
Pentachtorobenzene 10 NO 170 
Tlichlorobenzene- 50 NO 160 
Tetrachlorobenzene- 10 NO 150 
2-chloronaphthalene 10 NO 100 
Chlorobenzene 10 NO 19000 
4,4-00T 10 NO NO 
4,4-00E 50 NO NO 
4,4-000 10 NO NO 
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TRI GEOSYNTHETICS SERVICES DIVISION 
PaOEP Leachate Analysis 
Testing performed by TRllEnvironmental, Inc. 

Analysis: March 02-27, 1999 PaDEP 
LOQ Blank Synthetic Leachate 

Analytes (ug/Ll (ug/L) (ug/L) 

Organics; SW 846 Melhods 624, 625, 608 (Conlinued) 

Heptane 10 I'D 70 
Hexane 10 I\[) 70 
Octane 10 NO 60 

Bromoform 10 I\[) 1200 
Carbon tetrachloride 25 I'D 500 
Chlorodibromomethane 10 NO 30 
Chloroethane 10 NO 1000 
Chloroforrr 10 I'D 6800 
Dich/orobromomethane 10 NO 140 
Oich lorocl ifl uo rom etha ne 30 NO 600 
1,1·Dichloroethane 50 NO 10300 
1,2-Dichloroethane 25 NO 16050 
Dichloropropane 10 NO 1300 
cis-Dichloroethene 10 NO 350 
trans-Oichloroethene 40 I\[) 700 
Ethylene dichloride "12DCA 10 I'D NO 
Hexachloroethane 10 NO 600 
Methyl bromide 50 NO 120 
Methyl chloride 10 NO 120 
Methylene chloride 50 NO 12000 
Tetrachloroethene 50 NO 700 
T etrachloroethane~" 50 NO 800 
1,1,1-Trichloroethane 10 NO 900 
1,1,2-Trichloroethane 10 N) 500 
T richloroethene 10 N) 800 
T richlorofluoromethane 10 NO 75 
Vinyl chloride 10 NO 185 
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( TRI GEOSYNTHETICS SERVICES DIVISION 
PaDEP Leachate Analysis 
Testing performed by TRflEnvironmental, Inc. 

Analysis : March 02-27, 1999 

Anajytes 
LOQ 

(uglL) 
Blank 
(ugIL) 

Organics: SW 846 Methods 624, 625, 608 (Continued) 

Acrolein 
Acrylonitrile 
Acetone 
Amyl acetate 
Benzidine 
Butyl alcoho'''· 
Bis(2-chloroethoxy)methane 
Bis(2-chloroethoxy)ether 
Bis(2-chloroisopropyl}ether 
Bls(2-ethylhexyl)phthalate 
4-bromophenyl phenyl ether 
Butyl benzyl phthalate 
creso!"'-
Chlordane 
alpha-BHC 
beta-SHC 
gamma-SHe 
delta-BHC 
Dieldrin 
Dichlorobenzidine 
Diethyl phthalate 
Dibutyl phthalate 
Dimethyl phthalate 
Isobutyl alcohol 
Isopropyl alcohol 
Methyl alcohol 
2·chloroethyl vinyl ether 
2-chlorophenol 
Dichloropheno'-
Dimethyl phenol
Oinitro-o-cresol 
Dinitrophenor* 
Dinitrotoluene
Oiphenylhydrazine 
Ethyl acetate 
Ethyl ether 
Ethyl alcohol 
Endosulfan 
Endrin 

10 
25 
10 
10 
10 
10 
10 
50 
25 
10 
10 
10 
10 
10 
50 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
50 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 

W 
NO 
W 
W 
NO 
NO 
ND 
ND 
NO 
ND 
ND 
NO 
W 
W 
W 
NO 
NO 
NO 
ND 
NO 
ND 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
ND 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
ND 

PaDEP 
Synthetic Leachate 

(uglLI 

345 
45 

15000 
70 
70 
220 
32 
70 
70 
900 
60 
200 
425 
ND 
NO 
NO 
NO 
ND 
ND 
100 
30 
70 
70 

12000 
200 
160 
700 
1400 
1300 

50 
60 
60 
100 
50 
110 
100 

25000 
50 
19 
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( 
TRI GEOSYNTHEnCS SERVICES DIVISION 
PaDEP Leachate Analysis 
Testing performed by TRI/Environmental , inc. 

Analys is: March 02-27, 1999 

Analytes 
lOQ 

(u9/L) 
Blank 
(ue/l) 

Organics: SW 846 Methods 624, 625, 608 (Continued) 

Formaldehyde 
Heptachlor 
Hexachlorocyciopentadiene 
Haxachlorobutadiene 
Isophorone 
Methyl ethyl ketone 
Methyl isobutyl ketone 
Nitrophenol"" 
N-nitrosodimethylamine 
N-nitrosodi-n-propylamine 
Nitrobenzene 
Pentachlorophenol 
Phenol 
Pyridine 
Toluene 
Toxaphene 
irichlorophenol .... 
2.4,5-TP 

METALS (EPA Method 200 Series) 
Aluminum (202.1) 
Antimony (204.1) 
Arsenic (206.2) 
Barium (208.1) 
Beryllium (21 0.1) 
Boron (212.3) 
Cadmium (213. 1) 
Chromium (218.1 ) 
Copper (220.1) 
Iron (236.1) 
lead (239.1) 
Manganese (243.1) 
Mercury (245.1) 
Molybdenum (246.1) 
Nickel (249.1) 
Silver (272.1 ) 
Selenium (270.2) 
Tin (282. 1) 
Titanium (283.1) 
Thallium (279.1) 
Z inc (289.1) 

CONVENnONALS (EPA Methods) 
Oil and Grease (413.1) 
Tolal petroleum hydrocarbons (41B.1) 
Ammonia-nnrogen (350.2) 
Cyanide (335.2) 
Flouride (340.1-340,2) 
Chloride (325.3) 
Nitrate (353.3) 
NITrITe (353.3) 
Sulfate (375.4) 
TDS 
pH 

10 
50 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
50 
50 
10 
10 

20 
10 
50 
15 
15 
10 

1 
NIl 

NO 
NO 
NO 
ND 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
ND 
NO 
NO 
NO 
NO 
NO 

NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
ND 
ND 
NO 
NO 
NO 
NO 
NO 
NO 
NO 

NO 
ND 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 

PaOEP 
Synthetic leachate 

(ug/l) 

NO 
ND 
80 

500 
6000 
13500 
750 
20 
120 
120 
600 
450 

15000 
700 
1260 
300 
400 
50 

(mg/l) 
15 
20 
5 

120 
2 
15 
15 
10 
10 

800 
10 

1000 
NO 
5 

NO 
8 

NO 
NO 
NO 
NO 
25 

(mg/l ) 
500 

9000 
600 
NO 
500 
8000 

3 
NO 
250 

13400 
7.2 
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TRI GEOSYNTHEllCS SERVICES DIVISION 
PaDEP Leachate Analysis 
Testing perfonned by TRllEnvironmental, Inc. 

QUALITY ASSURANCE REPORT 

Analysis: March 02-27, 1999 PaCEP 
Blank Synthetic Leachate 

Anal~tes (ug/q (ug/L) 

Surrogate Recoveries 
1 ,2~Dichloroethane-<i4 156% 124% 
Toluene-d8 100% 95% 
Bromofluorobenzene 117% 73% 
Trifluorotoluene 120% 113% 
2-Fluorophenol (Acid Surr) 110% 110% 
Phenol-d6 (Acid SUIT) 98% 123% 
Nitrobenzene-d5 (BN Surr) 68% 74% 
2-Fluorobiphenyl (BN SUIT) 124% 102% 
2,4,6-Tribomophenol (Acid Surr) 92% 76% 
p-Terphenyl-d14 (BN SUIT) 90% 96% 

Matrix Matrix 
com~unds S,ike S(;!ike Due 
Pfleno 1 % 32% 
2-Chlorophenol 30% 89% 
1 A-Dichlorobenzene 26% 97% 
N-Nitroso-Oi-N-Propylamine 69% 105% 
1,2,4-Trichlorobenzene 39% 86% 
4-Chloro-3-Methylphenol 83% 100% 
Acenaphthene 88% 120% 
4-Nitrophenol 17% 13% 
2,4-0initrotoluene 72% 96% 
Pentachlorophenol 71% 73% 
Pyrene 88% 118% 

METALS 
Arsenic 90% 87% 
Barium 98% 101 % 
Cadmium 92% 93% 
Chromium 84% 86% 
Lead 79% 80% 
Mercury 94% 98% 
Selenium 82% 89% 
Silver 
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TRI/ENVIRONMENTAl, INC. 
A Texas Research International Company 

October 24, 1999 

Mr. Lou Jaconsen 
Poly-Flex, Inc. 
2000 W. Marshall Drive 
Grand Prairie, Texas 75051 

Dear Mr. Jacobsen: 

TRIlEnvironmental, Inc. erR!) is pleased to present this Final Report for geomembrane 
chemical compatibility studies via EPA Method 9090A. 

TRI thanks Poly-Flex, Inc. for the opportunity to participate in this project and tnlsts this 
report fully documents all testing performed. Please call me if you have any questions or 
require any additional information. 

Respectfully submitted, 

~;c.4((e... 
SamR. Allen 
Vice President and Division Manager 
Geosynthetic Services 

9063 Bee Caves Road' Austin. TX 78733-6201' (512) 263·2101' FAX (512) 263.2558 
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1.0 INTRODUCTION 

This report describes the work performed by TRI/Environmental, Inc. (TRI) to determine the 
chemical compatibility of one geomembrane product with one waste leachate. The objective was 
to determine the resistance of the geomembrane to changes caused by exposure to leachate. 
Changes in physical and mechanical properties were measured after exposure to the leachate at 
23°C and 50°C for 30, 60, 90 and 120 days. Exposures were performed in accordance with the 
exposure regimen specified in U oited States Environmental Protection Agency (EPA) Method 
9090A. 

Methods, results and discussion are provided in the sections which follow. Test results are 
provided in the Tables of Results which accompany this report. 

2.0 METHODS 

2.1 Materials 

The material selected for evaluation in this chemical compatibility study was 60 mil· smooth high 
density polyethylene (HDPE) geomembrane manufactured by PolyFlex, Inc .. 

2.2 Leachate 

The exposure leachate used during the testing was a synthetic municipal solid waste (MSW) 
leachate. TRI generated the synthetic municipal waste leachate by spiking a q1,lantity of actual 
MSW leachate (secured from the NENT Landfill in Hong Kong) with various chemical 
constituents as required by the Pennsylvania Department of Environmental Regulation (pADER). 
Spiking was accomplished using standard solutions used for instrument calibration for organics 
and salts used for the inorganics. Spiking was perfonned to assure a minimum concentration as 
defined by the PADER requirements . The exposure media met all requirements as defined by 
PADER. 

After spiking, the leachate, contained in a fifty-five gallon drum, was stirred for twenty four hours 
and allowed to settle. Leachate was then transferred to exposure cells for chemical resistance 
testing. 

2.3 Exposure Conditions 

Geomembrane specimens were exposed to the waste leachate following the specifications of EPA 
Method 9090A as they relate to exposure to waste fluids . The tanks used for these exposures were 
maintained at 23 ± 2°C and 50 ± 2°e throughout the 120-day exposure period . Tanks were 
constructed from chemically resistant glass, fitted with stirrers and heated with a circulating hot 
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water heat exchanger system. The 50'C tanks were sealed. with a lid., and a reflux condenser was 
installed to minimize loss of volatile leachate components. 

2.4 Testing Procedures 

Table 1 lists tests performed on the geomembrane. The number of test replicates was doubled for 
baseline determinations on unexposed material. 

Table 1. Tests ""rformed on !reomembranes 

Test or Pbvsical Prooertv Method Number of reuUcate SDecime..s 

Dimensions and wei.ht EPA 9090 3 rearlinos 

Hardness ASTMD2240 5 
D scale 

Volatiles and Extractables EPASW870 2 
A1l1lOndix III 

Snocific Gravity ASTMD7W 3 

Tensile Pronerties ASTMD638 3 

Modulus of Elasticity ASTM D 882 3 
Tarutelltial Modulus 

Hydrostatic Resistance ASTMD751 3 
Method A 

Tear Strenom ASTMD 1004 3 

Puncture Resistance FTMS !OIC Method 3 
2065 

Environmental Stress Crack ASTM D 1693 2 
Resistance 

Where appropriate testing was performed in both the machine and transverse directions . 

• 



3.0 Results and Discussion 
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Test results are presented in the Test Results section which is included with this report. Test 
results are presented in tabular form as well as graphical form. 

In considering these results, it must be determined through engineering judgment whether 
. observed differences in the value of test results measured before and after immersion are due to 

product variability, unidentified factors relating to the test procedure, or leachate interaction with 
the products. Any significant chemical interaction with leachate would be expected to result in 
degradation trends which are consistent across the various properties being evalu!lted, and not 
isolated to onese! of test results only. However, with .each type of material there may be specific 
properties which are highly sensitive to leachate-induced effects. These factors must be considered 
in evaluating the various test results for a given product. 

Also of critical importance is the issue of product variability. With geomembranes, a range of 
physical and mechanlcal index test values covering 15% or more of the average is not uncommon. 
This can be traced to variability inherent in the product, and the randomness associated with the 
onset of failure under the specified testing conditions. However, in chemical compatibility testing 
the statistical sampling of a broad range of manufactured product is not possible. Therefore, the 
small size of the sample population tested at each time point must be taken into consideration. The 
criteria to be applied in evaluating data measured before and after leachate immersion should be 
that property changes, if observed, are consistent and so great that product variability and 
experimental factors can be ruled out. 

In this report, standard deviations (STD) are reported for most measurements involving three or 
more replicate specimens. In statistics, the standard deviation is defined as root of the mean 
squared deviations of individual test results about the mean value. The standard deviation is a 
quantitative measure of variability within a group of measurements. 

One related measure of variability observed within a sample set, relative to the magnitude of the 
mean value itself. is the coefficient a/variation or variance (COY). The coefficient of variance 
is deflned as the standard deviation divided by the mean associated with a group of specimens, and 
may be expressed as a percentage. The COY provides an indication of what proportion of the 
mean value may be attributable to random experimental factors or product variability. It is useful 
to consider apparent changes in property values against the criterion of COY since observed 
changes which fall below the COY may not be signiflcant. This approach was used in preparing 
the tables in the next sections. 
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The term range refers to the difference between the extreme highest and lowest points within a 
group of measured values. Considering range as a percentage of the mean values provides another 
measure of variability within a dataset. 

In the tables, the high and low extremes for percentage change in mean values are listed for 
comparison against COY and range as a percentage of mean from the baseline sample group. The 
high and low percentage changes are the extremes from data measured at 30, 60, 90 and 120 days. 

Poly-Flex 60 mil smooth BDPE Geomembrane 

Table 2 illustrates the range of variability in baseli,ne data compared with some of the observed 
changes in average test values measured after immersion for the HDPE geomembrane. 

Table 2. Baseline coefficients of variation and range of percentage change results for PolyFlex 
60 mil HDPE Geomembrane (mechanical pro Jerties testing ouly) 

Test Baseline COV Baseline Range High Observed Low Observed 
(%)* as % oeMean· % Change % Change 

Stress @ yield (MD) 2 5 +S 1 

EloDl!ation @ yield (MD) 2 6 +6 -1 

Stress @ break (MD) 6 16 +7 -1 

Elone;ation @ break (MD) 6 22 +4 -4 

Tangential Modulus (MD) 13 33 +7 -9 

Tear Strength (MD) 2 6 +1 -2 

Puncture Resistance 2 4 +4 -3 

Hydrostatic Resistance 1 3 +1 -3 

• Note that the greatest baseline change for the four exposure periods was reported. 
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Changes in certain measured physical and mechanical properties . were noted for the geomembrane. 
However, the observed changes were random and are believed to be the effects of product 
variability and experimental factors. In the opinion of the authors, the data, considered together, 
support the conclusion that observed changes were not caused by exposure to the test leachate. 

TRIfEnvirornnental, Inc. is pleased to have been selected to participate in this project. We trust 
that the information provided in this report meets your requirements for technical documentation 
of this chemical compatibility study. Please do not hesitate to call if you have any questions or 
require any additional information. . 

Respectfully submitted, 

Sam R. Allen 
Vice President and Division Manager 
Geosynthetics Technologies 

TRIfEnvironmental, Inc. 



FOREWORD 

The testing reported herein is based upon accepted industry practice as well as the test 
method listed. TRIlEnvironmentai Inc. (TRl) neither accepts responsibility for nor makes 
cIaim as to the. fmal use and purpose of the materials tested. 

Tests were performed under laboratory conditions and not under actual usage conditions. 
TRI can give no conclusions as to the serviceability, life expectancy or general durability of 
the products tested when used in a lining and/or leachate collection system. 



EPA METHOD 9090A TEST RESULTS 

GEOSYNTHETIC DIMENSIONS 



; Date: Odobef, 1999 

Test Parameters T_. _line 

TABLE OF CHEMICAL COMPA TIBIUTY TEST RESULTS 
Exposure to PACER Waste Lsachate 

Dimensional Stability Data 

Exposure TIme and Temperature 

3tl Oay 800ay 90 Cay - " CI>onQe ....... E>q>o'" % Olano· Balm. -POL YFLEX GEOMEMBRANE: 60 mil HOPE 

Thickness (mas) z3C 58 59 '.1 ., ., 0.0 .. 58 

!DC ., " •. 0 ., ., ••• ., . , 
Length (inches) 23C 10,03 '0.02 .". , 10,004 10.04 0 .• 10.G4 10.04 

!DC 10.02 10.02 • . 0 10.00 10.00 0 .• 10.01 10.01 

Width (incl1es) 23C 8.02 ... , -0. , 8.00 •. 00 0 .• •. 02 8.02 
soC a.01 8.01 •• 0 .... ..00 0.0 a.01 8.01 

Mass (g) 2.e 11.98 1~" .. , 16.34 7Ei.81 0.' nBS 12. •• 
soc 18'" 76.3& .. , 75.03 7S.26 0.' 75.69 75,91 

Page 1 of 1 

Projec!: POLYFLEX File: 77Q·polyWe1 

Quaflty RI!Yfcw 

1200.y 
%CNno' 9hellne - %~ 

0.0 BS 54 ., .. 
••• ., 

" ••• 
•. 0 10.02 10,01 ."., 
0.0 10,01 10.00 .,,-' 

0.0 11.01 B.01 0.0 
0.0 8.00 • .00 ••• 
••• 19.39 79.62 ••• 
0.3 16.43 76.82 0.5 



EPA METHOD 9090A TEST 

POLY-FLEX 60 mil SMOOTH HOPE GEOMEMBRANE 



TABLE OF CHEMICAL COMPATIBIUTY TEST RESULTS 
Exposure to PACER ,Wets leachate 

R~ Om: Oc:tobfi 1999 El;Iotunt Tm. arct TemP«llh¥e 

300a)' MOay go 01), t2DDay 
T .. t Parwmet.,.. B ...... 23C SOC lIa.aUne 23C SOC ......... 23C sac B_ '3C SOC 

POL YFLEX GEOMEMBRANE: 60 mil HOPE 
Tensile ProFHIrtl •• : 2597 21519 "". 2656 ,..., '152 " .. '582 2524 .. .. 2717 .. ,. 
Tensile Stress@YIeld (ps!) .... "54 .. '" 2610 :rm .... :Z-416 2< .. 2'78 .." "." 2788 
ASTM D638 2561 2573 .... 2505 2583 2665 2,.. 2«' 2511 2111 '83' 2171 
Machine Direction 2673 "580 ,,<02 """ "93 2570 23IlO 2817 

2S37 "522 2.n9 """ 
Average ,.98 ,.., 26" '57. 2867 2705 2"'16 ,<8< '504 2637 '660 ..... 
STO « T1 11 " " 

,. 39 70 20 53 ., 120 
Coefficient of Variation , 3 0 , 3 , 3 2 , , 
%Chang~ , 3 , , 3 , 

2 

T..,sJ1. Prop.nJo: ..,. - ..,. 34" "" ..... 4019 ..." ...,. .. 15 "73 4190 
Tensile Slntngth 0 areak (ps.) .... .. " .. " 3921 .""" "" .<S2O "'" " .. ..... ..,. -ASTM D638 3'" '215 .... "81 - .. 93 .. ,0 ..., "oo "'" ...... <720 
Machine Otredlon .... 3m on 005S 

<6" .... ..,0 ,,. . - "912 .. 37.4 -Average ... " .. ,. .. ,. <3,. ... , .389 .... .... .,.. ..,. .... .m 
S10 2', '" '" ... '04 226 .. 111 '" "'" 137 2n 
Coefficient of VariaUon • , , 

" 7 5 2 , 0 • • 
% Change ·1 0 , • T -, ·1 

nalle propertJ •• : 13.8 13.8 13.8 1~1 13." '3.0 13.4 ,·to '4,2 11.1 1~' 13.6 
.-long.Hon @Yleld (%) 13.8 13.8 t>. 1<0 14.0 110 lU 13.6 14.0 113 116 13.6 
ASTM D638 12.' 13.1 110 12.7 13.4 1<" 12.3 13.! '4.0 13.1 12.1 13.6 
MadUne Direction 13,1. 14.0 11' 13.8 

118 12.' 13.' 118 
1~' 14.2 '4.1 12.0 

Average '3.& 13.6 '" I~' 13.6 11' 13.3 13.8 14.1 13.3 '13 13.6 
STD 0.3 0.3 ~, ~1 0.3 o~ ~. Q.2 0.' 0.3 ~, 0.0 
CoeffkienlolVan.Uon 2 2 3 , 2 , 5 , 3 ° 
." Chanoe .0 ·1 .0 , • 0 , 

-se., U> (2-:!l"l f 
Page 1 of7 Quality ReView/Date 

Client: WCS, File; .18-wcs .'fVB1 



R~ Data; Octcb« 19'iXl 

30 Cay 
euelhl 23C 

POLYFLEX GEOMEMBRANE: 60 mil HOPE 

TensUe Properties: 
Elongation @ Break (%) 
ASTM0638 
Machine Oirection 

Average 
STO 
Coefficient of Variation 

'.4 Change 

Tensile Properties: 
Set after Break (%) 
ASTM0636 
Machine Direction 

Average 
STO 
Coefficient of VariaUon 

% Change 

Tensile Properties: 
Tensile SIre .. @ 100% Elongation (psi) 
ASTM0636 
Machine Direction 

Average 
STO 
Coefficient of Variation 

% Change 

Tensile Properties: 
Tensile Stress@2oo% Elongation {psi} 
ASTM 0636 
Machine Direction 

Average 
STO 
Coefficient of Vatiation 

% Change 

Page 2 of 7 

Client WCS. File: 418-wcs ,WB1 

605 
SO, 
532 
603 ... ... 
601 
38 

• 

67' .... 
842 
661 

605 ... 
.," 
77 
12 

2113 
2112 
2112 

'206 
"32 
2Cl65 

21215 

" , 

2151 
214< 

"30 
.. 52 

"65 
2101 

2160 .. 
• 

... .. , 
55' 

51lI 
15 , 

600 
B60 
.. 0 

B61 , 
2 

.. 
2122 
2130 

2'11 

2121 
6 

o 

2158 
2171 

"35 

2155 
15 

TABLE OF CHEMICAL COMPAnBIUTY TEST RESULTS 
Exposure to PADe~ Waste L.eachate 

S09 . ,, 
S50 

62' 
19 , 
• 

600 
B20 
BB5 

035 
36 
8 

, 

2182 

" .... 
2187 

"84 
18 

1 

2 

,,64 
" .. 
2100 

2181 

12 

ISO Day 
Sa.lth 23C 

479 

" . 62. ". .,8 
842 

571 
6' 
11 

57' 
870 

860 .,0 
700 
760 ... 
57 
9 

2161 

2130 
2122 
2092 
213. 
mo 

"32 
22 

"51 .... 
2208 
2183 

"44 "44 
2213 

39 
2 

530 

'98 

'" 

... 
•• 
8 

2 

. 700 ..,. ... 

... 
" • 

2091 
2030 
2051 

2057 
2S 

2101 
'033 -
2041 

77 
4 

.. 

I50C 

... 

.0< 
S8S 

57. .. 
2 

62. 
660 .... 

... 
23 
3 

·1 

2115 
2150 
2123 

2129 
15 
1 

.. 
",7 
2148 
2193 

218& 
29 

.1 

so 0., 
ea.the 23C 
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January 10, 2003 

Mr. Perry Vyas 
SKAPS Industries 
571 Industrial Parkway 
Commerce, GA 30529 

Dear Mr. Vyas: 

TRI/Environmental, Inc. (TRI) is pleased to present this Final Report for a geonet chemical compatibility 
study performed in general accordance with EPA Method 9090A. 

TRI is very pleased to be of service to SKAPS Industries. Please call me if you have any questions or 
require any additional information. 

Respectfully submitted, 

Sam R. Allen 
Vice President and Division Manager 
Geosynthetic Services Division 

9063 Bee Caves Road, Austin, TX 78733 I 512 263 2101 I fax: 512 263 2558 



FOREWORD 

The testing reported herein is based upon accepted industry practice as well as the test method listed. 
TRJ/Environmental Inc. (TRJ) neither accepts responsibility for nor makes claim as to the final use and 
purpose of the materials tested. 

Tests were performed under laboratory conditions and not under actual usage conditions. TRI can give 
no conclusions as to the serviceability, life expectancy or general durability of the products tested when 
used in a lining andlor leachate collection system. 
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This report describes the work performed by TRIlEnvironmental, Inc. (TRI) to detennine the chemical 
compatibility of one HDPE geonet product with one waste leachate. The objective was to detennine the 
resistance ofthe geonetto changes caused by exposure to leachate. Changes in physical, mechanical and 
hydraulic properties were measured after exposure to the leachate at 23°C and SO°C for 30,60,90 and 
120 days. Exposures were perfonned in accordance with the exposure regimen specified in United States 
Environmental Protection Agency (EPA) Method 9090A. 

All samples were logged in and all testing perfonned under TRI log number E2173-46-0S. Methods, 
results and discussion are provided in the sections which follow. Test results are provided in the Tables 
of Results which accompany this report. 

2.0 METHODS 

2.1 Materials 

The material selected for evaluation in this chemical compatibility study was Skaps Industries HDPE 
biplaner geonet. 

2.2 Leachate 

The waste leachate used was supplied by TRI and was a synthetic MSW leachate approximating the 
PaDER leachate recipe. 

2.3 Exposure Conditions 

Oeone! specimens were exposed to the waste leachate following the specifications of EPA Method 9090A 
as they relate to exposure to waste fluids. The tanks used for these exposures were maintained at 23 ± 2°C 
and so ± 2°C throughout the l20-day exposure period. Tanks were constructed from chemically resistant 
glass fitted with stirrers. The SO°C tanks were heated with a circulating hot water heat exchanger system. 
They were also sealed with a lid, and a reflux condenser was installed to minimize loss of volatile leachate 
components. 

2.4 Testing Procednres 

Table 1 lists tests perfonned on the geonet. The number of test replicates was doubled for baseline 
determinations on unexposed material. 
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Table 1. Tests performed on Skaps Industries HDPE Geonet 

Test or Physical Property Method Number of replicate specimens 

Dimensions and weio-ht EPA 9090 2 readings 

Strip Tensile Strength ASTM 05035 3 MO & TO readings 

Strip Tensile Elongation ASTM 0 5035 3 MO & TO readings 

Compressive Strength ASTM 01621 3 readings 

Transmissivity ASTM 0 4716 3 readings 

CBR Puncture ASTM 0 6241 3 readings 

Volatiles and Extractables SW870 - Appendix 2 readings 
IIl-O 

3,0 RESULTS AND DISCUSSION 

Test results are presented in the Test Results section which is included with this report. Test results are 
presented in tabular form as well as graphical form. 

In considering these results, it must be detennined through engineering judgment whether observed 
differences in the value of test results measured before and after immersion are due to product variability, 
unidentified factors relating to the test procedure, or leachate interaction with the product. Any significant 
chemical interaction with leachate would be expected to result in degradation trends which are consistent 
across the various properties being evaluated, and not isolated to one set of test results only. However, 
with each type of material there may be specific properties which are highly sensitive to leachate-induced 

effects. These factors must be considered in evaluating the various test results for a given product. 

Also of critical importance is the issue of product variability. With HDPE geonets, a range of physical and 
mechanical index test values covering 20% or more ofthe average is not uncommon. This can be traced 
to variability inherent in the product, and the randomness associated with the onset of failure under the 
specified testing conditions. However, in chemical compatibility testing the statistical sampling of a broad 
range of manufactured product is not possible. Therefore, the small size ofthe sample popUlation tested 
at each time point must be taken into consideration. The criteria to be applied in evaluating data measured 
before and after leachate immersion should be that property changes, if observed, are consistent and so 
great that product variability and experimental factors can be ruled out. 
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In this report, standard deviations (STD) are reported for measurements involving three or more replicate 
specimens. In statistics, the standard deviation is defined as root of the mean squared deviations of 
individual test results about the mean value. The standard deviation is a quantitative measure of variability 
within a group of measurements. 

One related measure of variability observed within a sample set, relative to the magnitude of the mean value 
itself, is the coeffiCient of variation or variance (COV). The coefficient of variance is defined as the 
standard deviation divided by the mean associated with a group of specimens, and may be expressed as 
a percentage. The COY provides an indication of what proportion ofthe mean value may be attributable 
to random experimental factors or product variabil ity. It is useful to consider apparent changes in property 
values against the criterion of COY since observed changes which fall below the COY may not be 
significant. This approach was used in preparing the tables in the next section. 

The tem1 range refers to the difference between the exlJ'eme highest and lowest points within a group of 
measured values. Considering range as a percentage of the mean values provides another measure of 
variability within a dataset. 

In the tables, the high and low extremes for percentage change in mean values are listed for comparison 
against COY and range as a percentage of mean fi'om the baseline sample group. The high and low 
percentage changes are the extremes from data measured at 30, 60, 90 and 120 days. 

Skaps Industries HOPE Biplaner Geonet 

Table 2 illustrates the range of variability in baseline data compared with some of the observed changes in 
average test va lues measured after immersion for the geonet. 

Table 2. Baseline coefficients of variation and range of ercentae.e change results 

Test Baseline COV Baseline Range High Observed Low Observed 
(°111) .... as % ofMean* % Change 0/., Cllange 

Strip Tensile Strength 7 17 9 -9 
(MO) 

Strip Tensile Elongation @ 6 18 9 -8 
Maximum Load (MO) 

Compressive Stren1,!"tb 6 )7 4 -6 

Transmissivity 2.18 6.63 -0.17 -9.54 

eRR Puncture 7 20 9 -9 
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Changes in certain measured physical and mechanical properties were noted for the geonet However, the 
observed variances were random and are believed to be the effects of product variability and experimental 
factors, In the opinion of the authors, the data, considered together, support the conclusion that observed 
variances were not caused by exposure to the test leachate, 

TRI/Environmental, Inc, is pleased to have been selected to participate in this project We trust that the 
infonnation provided in this report meets your requirements for technical documentation of this chemical 
compatibility study, Please do not hesitate to call if you have any questions or require any additional 
infonnation, 

Respectfully submitted, 

Sam R, Allen 
Vice President and Division Manager 
Geosynthetic Services Division 

TRI/Environmental, Inc, 



APPENDIX: 

EPA METHOD 9090A TEST RESULTS 

SKAPS INDUSTRIES HOPE GEONET TEST RESULTS 

Dimensions 

TRI LOG NUMBER: E2173-46-05 



TABLE OF CHEMICAL COMPATIBILITY TEST RESULTS 
Client: Skaps Industries 

Report Date: January 2003 Exposure Time and Temperature 

TRI Log Number: E2173-46"05 
30 Day SO Day 90 Day 120 Day 

Test Parameters Tern . Baseline Ex esed % Chan e Baseline E, ,ed % Chan e Baseline Ex ased % Chan e .Baseline Ex esed % Chan e 

GEONET: HDPE GEONET EXPOSED TO PADER MSW SYNTHETIC LEACHATE 

Thickness (mils) 23C 224 228 1.8 234 234 0.0 230 230 0.0 228 228 0.0 

soc 232 232 0.0 228 229 0.4 230 231 0.4 229 229 0.0 

Length (inches) 23C 6.00 6.00 0.0 S.OO 5.85 -2.5 6.00 5.96 -0.7 6.02 6.01 -0.2 

soc 6.00 5.83 -2.8 6.00 5.89 -1.8 6.00 6.00 0.0 5.99 6.00 0.2 

Width (inches) 23C 4.04 4.06 0.5 4.01 4.02 0.2 4.01 4.04 0.7 4,02 4,04 0.5 
50C 4.02 4.02 0.0 4.01 4 .01 0.0 4.03 4.03 0.0 4,03 4,01 -0.5 

Mass (g) 23C 14.91 14.92 0.1 15.46 15.47 0.1 15.30 15.31 0.1 15,23 15.25 0.1 
50C 17.06 17.06 0.0 16.86 16.86 0.0 17.05 17.05 0.0 14.93 14.93 0.0 

Page 1 of 1 

TRI Geosynthetics Division Client: Skaps Industries, File: 465-skaps-dim.wb1 



EPA METHOD 9090A TEST RESULTS 

SKAPS INDUSTRIES HOPE GEONET TEST RESULTS 

TRI LOG NUMBER: E2173-46-05 

NOTE ON TEST RESULTS 

This section includes generated test data provided in both tabular and graphical 
form. Each graph is represented by a series of "I" beam plots. Each "I" beam 
represents a single test population and illustrates the high and low value as the end 
points, and the mean as a central box on the beam. 

At each testing period, two "I" beams are shown. The left beam represents the 23°C 
exposed specimens while the right beam represents the 50°C specimens. The initial 
"I" beam represents the baseline or unexposed test specimens. 



TABLE OF CHEMICAL COMPATIBILITY TEST RESULTS 
Client: Skaps Industries 

Report Date: January 2003 Exposure Time and Temperature 

TRI Log Number: E2173-46-05 
30 Day 60 Day 90 Day 120 Day 

Test Parameters Baseline 23C 50C 23C 50C 23C 50C 23C 50C 

GEONET: HDPE GEONET EXPOSED TO PaDER MSW SYNTHETIC LEACHATE 

Strip Tensile Properties: 143 158 173 130 167 131 166 168 133 

Maximum Strength (Ibs) 167 144 162 153 152 167 148 165 150 
ASTM 05035 153 151 147 149 173 126 157 172 144 
Machine Direction 150 

170 

14' 

Average 155 151 161 144 164 141 157 168 142 
STD 11 6 11 10 9 18 7 3 7 

Coefficient of Variation 7 4 7 7 5 13 5 2 5 

% Change -2 4 -7 6 -9 2 9 -8 

Strip Tensile Properties: 33 34 35 30 35 35 31 35 33 
Elongation @ Max. Strength (%) 38 28 32 35 42 34 33 36 28 

ASTM 05035 35 33 24 32 31 31 35 33 31 

Machine Direction 30 
31 

33 

Average 33 32 30 32 36 33 33 35 31 
STD 2 3 5 2 5 2 2 2 
Coefficient of Variation 6 8 15 6 13 5 5 4 7 

% Change -4 -8 -2 9 0 5 -7 

Page 1 of4 
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TABLE OF CHEMICAL COMPATIBILITY TEST RESULTS 
Client: Skaps Industries 

Report Date: January 2003 Exposure Time and Temperature 

TRI Log Number: E2173-46-05 
30 Day 60 Day 90 Day 120 Day 

Test Parameters Baseline 23C 50C 23C SOC 23C 50C 23C SOC 

GEONET: HDPE GEONET EXPOSED TO PaDER MSW SYNTHETIC LEACHATE 

Strip Tensile Properties: 56 55 60 57 49 59 53 60 47 

Maximum Strength (Ibs) 57 53 59 57 56 54 53 61 59 

ASTM D5035 64 51 60 56 62 51 52 58 56 

Transverse Direction 57 

51 

53 

Average 66 53 60 57 56 55 53 60 54 

STD 4 2 0 0 5 3 0 5 

Coefficient of Variation 7 3 10 6 2 9 

% Change -6 6 -1 -3 -7 6 -4 

Strip Tensile Properties: 129 171 163 151 169 148 155 135 165 

Elongation @ Max. Strength (%) 172 160 139 159 157 141 168 147 177 

ASTM D5035 153 115 133 160 189 149 167 149 148 

Transverse Direction 133 

151 
149 

Average 146 149 145 157 172 146 163 144 163 

STD 14 2' 13 4 13 4 6 6 12 

Coefficient of Variation 10 16 9 3 8 2 4 4 7 

% Change -2 6 16 -1 10 -3 10 

Page 2 of4 
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TABLE OF CHEMICAL COMPATIBILITY TEST RESULTS 
Client: Skaps Industries 

Report Date: January 2003 Exposure Time and Temperature 

TRI Log Number: E2173-46-05 

30 Day 60 Day 90 Day 120 Day 
Test Parameters Baseline 23e 50e 23e 50e 23e 50e 23e 50C 

GEONET: HOPE GEONET EXPOSED TO PaDER MSW SYNTHETIC LEACHATE 

Compressive Strength: 35951 36083 33732 25141 34508 39672 33045 35164 31349 

Strength at Rib Layover (pst) 35677 31833 39106 40149 23798 32742 32879 34119 33234 
ASTM 01621 38252 34801 31922 37048 42045 37877 39494 40486 36492 

36837 

32100 

33888 

Average 35451 34239 34920 34113 33450 36764 35139 36590 33692 
STD 1989 1780 3051 6469 7487 2937 3080 2788 2124 

Coefficient of Variation 6 5 9 19 22 8 9 8 6 

% Change -3 -1 -4 -6 4 -1 3 -5 

Transmissivity: 1.96E..Q3 1.88E"'()3 1.91E~03 1.77E-03 1.94E~03 1,87E-03 1,90E~03 1.96E-03 1.90E-03 

(m2/5ec) 1.9SE-03 1.8BE*Q3 1.89E~03 1.76E"03 1.91E*03 1,84E...Q3 1.93E~03 1.96E~03 1.96E~03 

ASTM 04716 2.01E...Q3 1.89E-03 1.94E,03 1.78E~03 1.84E-03 1.82E-03 1.95E-03 1.94E-03 1.89E~03 

1 ,94E~03 

2 , 00E~03 

1.88E-03 

Average 1.96E~03 1.88E~03 1.91 E~03 1.77E-03 1.90E~03 1 ,84E~03 1.93E~03 1.95E~03 1,92E-03 
8m 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0,00 0.00 

Coefficient of Variation 2.18 0.25 1.07 0,46 2.21 1.11 1,07 04S 1.61 

% Change ~3.75 ~2.21 ~9.54 -3.07 ~5.79 ~1.53 -0.17 -2.04 

CBR Puncture: 292 238 292 279 345 296 308 279 256 
Puncture Resistance (Ibs) 235 247 298 289 276 278 311 265 275 

A8TM 06241 280 270 265 240 273 255 289 246 288 
285 
286 

284 

Average 277 252 285 269 298 276 303 263 273 
sm 19 13 14 21 33 17 10 14 13 

Coefficient of Variation 7 5 5 8 11 6 3 5 5 

% Change -9 3 -3 8 -0 9 -5 -1 

Page 3 of4 
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TABLE OF CHEMICAL COMPATIBILIlY TEST RESULTS 
Client: Skaps Industries 

Report Date: January 2003 Exposure Time and Temperature 

TRI Log Number: E217:J-.qQ-05 
30 Day 60 Day 90 Day 120 Day 

Test Parameters Baseline 23C 50C 23C SOC 23C SOC 23C SOC 

GEONET: HOPE GEONET EXPOSED TO PaDER MSW SYNTHETIC LEACHATE 

Volatiles and Extractables: -1 .51 -1 .51 -1 .01 -2.00 -0.51 0.00 -1.00 -0.50 -1.01 

Machine Diameter Change (%) -3.02 -2.51 -1.51 -1.01 -1 .50 -1.01 -2.01 -2.53 -0.51 

SW 870 - Appendix 111-0 -2.51 

-1.01 

Average -2.01 -2.01 -1.26 -1.51 -1 .01 -0.51 -1.51 -1 .52 -0.76 

SID 0.79 0.50 0.25 0 ,50 0 .50 0.51 0.50 1.02 0.25 

Volatiles and Extractables: ·3.02 -3.48 -1.51 '1 .04 -1.01 -1 .49 -0.51 -1.03 -1.54 

Transverse Diameter Change (%) -3.98 -3. 48 ·1.00 ·3,05 -1.00 · 1,52 · 1.02 ".54 -1.53 

SW 870 - Appendix 111-0 -1 .99 

-0.50 

Average -2.37 -3.48 -1,26 -2.05 -1.01 ·1 .51 · 0.77 - '.29 -1.54 

SID 1.29 0.00 0.26 1.01 0.01 0.02 0.26 0.25 0.00 

Volatiles and Extractables: 0 .07 0.11 0.09 0.11 0 .16 0.12 0.11 0.12 0.11 

% Volatiles 0 .07 0 .11 0.12 0.10 0.16 0.08 0 .10 0.13 0.08 

SW 870 - Appendix 111-0 0.07 

0.07 

Average 0.07 0.11 0 .11 0.11 0.16 0 .10 0. 11 0.13 0.10 

SID 0.00 0.00 0 .02 0.00 0.00 0.02 0.00 0 .01 0 .01 

Volatiles and Extractables: 0.16 0 .25 0.21 0.16 0.13 0.22 0.08 0.18 0.10 

% Extractables 0.14 0.18 0.25 0.32 0.30 0.27 0.19 0.35 0.30 

SW 870 - Appendix 111-0 0 .1 6 

0.25 

Average 0 .18 0 .22 0.23 0.24 0.22 0.25 0 .14 0.27 0.20 

STD 0.04 0.04 0.02 0.08 0.09 0.03 0.05 0.08 0.10 
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February 11, 2004 

Mr. Anarag 
Skaps Industries 
571 Industrial Parkway 
Commerce, GA 30529 

Dear Mr. Anarag: 

TRIlEnvironmental, Inc, (TRI) is pleased to present this Final Report for a geotextile chemical resistance 
study performed in general accordance with EPA Method 9090A as applied by ASTM D 6389-99, 
Standard Practice for Tests to Evaluate the Chemical Resistance of Geotextiles to Liquids. 

TRI is very pleased to be of service to Skaps Industries. Please call me if you have any questions or 
require any additional information (800 880 8378). 

Respectfully submitted, 

Sam R. Allen 
Vice President and Division Manager 
Geosynthetic Services Division 
www.GeosyntheticTesting.com 
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FOREWORD 

The testing reported herein is based upon accepted industry practice as well as the test method listed. 
TRl/Environmental Inc. (TRl) neither accepts responsibility for nor makes claim as to the final use and 
purpose of the materials tested. 

Tests were perfonned under laboratory conditions and not under actual usage conditions. TRJ can give 
no conclusions as to the serviceability, life expectancy or general durability of the products tested when 
used in a lining and/or leachate collection system. 



1.0 INTRODUCTION 

This report describes the work performed by TRIlEnvironmental, Inc. (TRI) to detennine the chemical 
compatibility of one geotextile product with one synthetic waste leachate. The objective was to detennine 
the resistance of the geotextile to changes caused by exposure to leachate. Changes in physical, mechanical 
and hydraulic properties were measured after exposure to the leachate at 23°C and 50°C for 30, 60, 90 
and 120 days. Exposures were performed in accordance with the exposure regimen specified in United 
States Environmental Protection Agency (EPA) Method 9090A. 

All samples were logged in and all testing performed under TRI log number E2l83-79-l O. Methods, 
results and discussion are provided in the sections which follow. Test results are provided in the Tables 
of Results which accompany this report. 

2.0 METHODS 

2.1 Materials 

The material selected for evaluation in this chemical compatibility study was Skaps.GTE 160 polypropylene 
staple fiber nonwoven needlepunched geotextile. 

2.2 Leachate 

The waste leachate used was supplied by TRI and was a synthetic MSW leachate approximating the 
PaDER leachate recipe. 

2.3 Exposure Conditions 

Geotextile specimens were exposed to the waste leachate following the specifications of EPA Method 
9090A as they relate to exposure to waste fluids. The tanks used for these exposures were maintained at 
23 ± 2'C and 50 ± 2°C throughout the l20-day exposure period. Tanks were constructed from 
chemically resistant glass fitted with stirrers. The 50°C tanks were heated with a circulating hot water heat 
exchanger system. They were also sealed with a lid, and a reflux condenser was installed to minimize loss 
of volatile leachate components. 

2.4 Testing Procedures 

Table I lists tests performed on the geotextile. The numher oftest replicates was doubled for baseline 
determinations on unexposed material. 
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Table 1. Tests oerformed on TNS - Nevown, Inc. nonwoven 2cotextile 

Test or Physical Property Method Number of replicate specimens 

Dimensions and weight EPA 9090A 2 readings 

Grab Tensile Strength ASTMD4632 3 MD & TD readings 

Grab Tensile Elongation ASTMD4632 3 MD & TD readings 

Trapezoidal Tear Strength ASTMD 4533 3 MD & TD readings 

Puncture Resistance ASTM D 4833 3 readings 

Mullen Burst ASTM D 3786 3 readings 

Permittivitv ASTM D4491 3 readings 

3.0 RESULTS AND DISCUSSION 

Test results are presented in the Test Results section which is included with this report. Test results are 
presented in tabular fonn as well as graphical fonn . 

In considering these results, it must be determined through engineering judgment whether observed 
differences in the value of test results measured before and after immersion are due to product variability, 
unidentified factors relating to the test procedure, or leachate interaction with the product. Any significant 
chemical interaction with leachate would be expected to result in degradation trends which are consistent 
across the various properties being evaluated, and not isolated to one set of test results only. However, 
with each type of material there may be specific properties which are highly sensitive to leachate-induced 
effects. These factors must be considered in evaluating the various test results for a given product. 

Also of critical importance is the issue of product variability. With nonwoven geotextiles, a range of 
physical and mechanical index test values covering 20% or more of the average is not uncommon. This 
can be traced to variability inherent in the product, and the randomness associated with the onset of failure 
under the specified testing conditions. However, in chemical compatibility testing the statistical sampling 
of a broad range of manufactured product is not possible. Therefore, the small size of the sample 
population tested at each time point must be taken into consideration. The criteria to be applied in 
evaluating data measured before and after leachate immersion should be that property changes, if observed, 
are consistent and so great that product variability and experimental factors can be ruled out. 

In this report, standard deviations (STD) are reported for measurements involving three or more replicate 
specimens. In statistics, the standard deviation is defined as root of the mean squared deviations of 
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individual test results about tbe mean value, The standard deviation is a quantitative measure of variability 
within a group of measurements, 

One related measure of variability observed witbin a sample set, relative to the magnitude of the mean value 
itself, is the coefficient of variation or variance (COV), The coefficient of variance is defined as the 
standard deviation divided by the mean associated with a group of specimens, and may be expressed as 
a percentage, The COY provides an indication of what proportion oftbe mean value may be attributable 
to random experimental factors or product variability, It is useful to consider apparent changes in property 
values against the criterion of COY since observed changes which fall below the COY may not be 
significant This approach was used in preparing the tables in the next section, 

The tenn range refers to the difference between the extreme highest and lowest points within a group of 
measured values, Considering range as a percentage of the mean values provides another measure of 
variability within a dataset 

In the tables, the high and low extremes for percentage change in mean values are listed for comparison 
against COY and range as a percentage of mean from the baseline sample group, The high and low 
percentage changes are the extremes from data measured at 30, 60, 90 and 120 days, 

SKAPS GTE 160 nonwoven polypropylene geotextile 

Table 2 illustrates tbe range of variability in baseline data compared with some oflhe observed changes in 
average test values measured after immersion for the geotextile, 

Table 2. Baseline coefficients of variation and range of percentage change results for geotextile 

Test Baseline COY Baseline Range High Observed Low Observed 
(%). as 6/0 of Mean* 6/0 Change 6/0 Change 

Grab Tensile Strength 8 22 12 -1 
(MO) 

Grab Tensile Elongation @ 8 24 2 -4 
Maximum Load (MOl 

Trapezoidal Tear Strength , 8 22 7 -8 
(MO) 

Puncture Strength 17 50 3 -9 

Mullen Burst Strength 8 26 5 -9 
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While some changes in certain measured physical and mechanical properties were noted for the geotextile, 
the observed variances were random and are believed to be the effects of product variability and 
experimental factors . 

TRIlEnvironmental, Inc. is pleased to have been selected to participate in this project. We trust that the 
information provided in this report meets your requirements for technical documentation ofthis chemical 
compatibility study. Please do not hesitate to call if you have any questions or require any additional 
information. 

Respectfully submitted, 

Sam R. Allen 
Vice President and Division Manager 
Geosynthetic Services Division 

TRI/Environmental, Inc. 



APPENDIX: 

EPA METHOD 9090A TEST RESULTS 

SKAPS GTE 160 Nonwoven Geotextile TEST RESULTS 

Dimensions 

TRI LOG NUMBER: E2183-79-10 



Report Oate: February 2004 
TRI Log Number: E2189-79-10 

TABLE OF CHEMICAL COMPATIBILITY neST RESULTS 
Client: Skaps Industries 

Exposure Time and Temperature 

30 Day 60 Day 90 Day 120 Day 
Test Parameters Tern, EUlse/ine Ex osed % Chan e Baseline Ex osed % Chan e Baseline Ex sed % Chan e Baseline Ex sed % Chan e 

GEOTEXTILE: POLYPROPYLENE NONWOVEN EXPOSED TO PaDER SYNTHETIC MSW LEACHATE 
GEOTEXTILE ROLL 10: GTE-ISO 

Thickness (mils) 23C 115 '12 -2.6 112 112 0.0 118 118 0 .0 '08 107 -0.9 

50C '07 '04 -2.8 118 117 -0.8 117 113 ·3.4 114 117 2.6 

Length (inches) 23C 8.06 6.04 -0.2 8.07 8.03 -0.5 8.10 8.00 -1 .2 8.05 8.00 -0 .6 

soc 8.08 7.97 -1 .4 6.06 7.96 -1.2 6.Oll 7.95 -1.6 8.01 7.94 -0.9 

Width (inches) 230 4 .05 4.01 -1.0 4.02 4.00 -0.5 4.00 3 .96 -1 .0 3.98 3.95 -0.8 

50C 4.00 3.92 -2.0 4.01 3.99 -0.5 4.06 4.02 -1.0 4.06 4.04 -0.5 

Mass (g) 230 4.88 4.87 -0.2 4.88 4.95 , .4 S.0 1 5.01 0.0 6.55 6.51 -<>.6 
50C 4.38 4.38 0.0 5.15 5.08 -1.4 5.08 5.05 -0.6 5.60 5.53 -1.2 

Page 1 of 1 
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EPA METHOD 9090A TEST RESULTS 

SKAPS GTE 160 Nonwoven Geotextile TEST RESULTS 

TRI LOG NUMBER: E2183-79-10 

NOTE ON TEST RESULTS 

This section includes generated test data provided in both tabular and graphical 
form. Each graph is represented by a series of "I" beam plots. Each "'" beam 
represents a single test population and illustrates the high and low value as the end 
pOints, and the mean as a central box on the beam. 

At each testing period, two "I" beams are shown. The left beam represents the 23°C 
exposed specimens while the right beam represents the 50°C specimens. The initial 
"I" beam represents the baseline or unexposed test specimens. 



Report Date: February 2004 
TRI Log Number: E2183-79-10 

Test Parameters 

TABLE OF CHEMICAL COMPATIBILITY TEST RESULTS 
Client: Skaps Industries 

Exposure Time and Temperature 

30 Day 60 Day 90 Day 

Baseline 23C SOC 23C SOC 23C SOC 

120 Day 

23C 50C 

GEOTEXTILE: POLYPROPYLENE NONWOVEN EXPOSED TO PADER SYNTHETIC MSW LEACHATE 
GEOTEXTILE ROLL \D; GTE-160 

Grab Tensiie Properties: 164 206 183 182 215 208 204 214 230 

Maximum Strength (lbs) 167 185 208 184 223 196 199 246 205 

ASTM 04632 202 211 222 232 240 215 192 161 218 

Machine Direction 204 

187 

155 

Average 180 201 204 199 226 206 198 207 218 

SID 19 11 18 23 10 8 5 35 10 

Coefficient of Variation 11 6 8 12 5 4 2 17 5 

% Change 12 14 11 26 15 10 15 21 

Grab Tensile Properties: 96 109 93 119 94 91 91 95 108 

Elongation @ Max. Strength (%) 89 105 100 106 95 98 99 107 98 

ASTM 04632 95 107 101 113 91 101 87 103 103 

Machine Direction 104 

109 

155 

Average 108 107 98 113 93 97 92 102 103 

SID 22 2 4 5 2 4 5 5 4 

Coefficient of Variation 20 2 4 5 2 4 5 5 4 

% Change -1 -9 4 -14 -10 -15 -6 -5 

Page 1 of 3 
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Report Date: February 2004 

TRI Log Number: E2183-79-10 

Test Parameters 

TABLE OF CHEMICAL COMPATIBILITY TEST RESULTS 
Client: Skap::; Industries 

Exposure lime and Temperature 

30 Day 60 Day 90 Day 

Baseline 23C SOC 23C SOC 23C SOC 

120 Day 

23C 50C 

GEOTEXTILE: POLYPROPYLENE NONWOVEN EXPOSED TO PADER SYNTHETIC MSW LEACHATE 
GEOTEXTILE ROLL 10: GTE-160 

Grab Tensile Properties: 321 345 289 308 338 323 290 285 274 
Maximum Strength (lb5) 325 343 310 338 277 317 309 303 309 
ASTM D4632 282 252 282 287 252 329 292 310 298 
Transverse Direction 288 

220 
258 

Average 282 313 294 311 289 323 297 299 294 
STD 36 43 12 21 36 5 9 11 15 
Coefficient of Variation 13 14 4 7 12 2 3 4 5 

% Change 11 4 10 2 14 5 6 4 

Grab Tensile Properties: 98 97 93 97 98 93 99 91 93 
Elongation @ Max. Strength (%) 115 112 104 109 99 100 99 103 104 
ASTMD4632 94 94 103 97 85 93 92 94 95 
Transverse Direction 83 

95 
99 

Average 97 101 100 101 94 95 97 96 97 
STD 9 8 5 6 6 3 3 5 5 
Coefficient of Variation 10 8 5 6 7 3 3 5 5 

% Change 4 3 4 -3 -2 -1 -1 0 

Page 2 of 3 

Client: Skaps, File: 790-skaps-gt ,WB1 



Report Date: February 2004 
TRI Log Number: E2183-79-10 

TABLE OF CHEMICAL COMPATIBILITY TEST RESULTS 
Client: Skaps Industries 

Exposure Time and Temperature 

30 Day 60 Day 90 Day 120 Day 

Test Parameters Baseline 23C SOC 23C SOC 23C SOC 23C SOC 

GEOTEXTILE: POLYPROPYLENE NONWOVEN EXPOSED TO PADER SYNTHETIC MSW LEACHATE 
GEOTEXTlLE ROLL ID: GTE-160 

Mullen Burst Strength: 455 380 415 390 450 450 435 415 
Burst Strength (psi) 420 400 380 400 430 415 410 405 
ASTM 03786 425 345 415 400 410 410 380 365 

400 

350 

405 

Average 409 375 403 397 430 425 408 395 
STD 32 23 16 5 16 18 22 22 

Coefficient of Variation 8 6 4 4 4 6 5 

% Change -8 -1 -3 5 4 -0 -3 

Permittivity: 1.63 1,61 1,79 1.53 1,66 1.97 1.83 2.06 
(sec -1) 1.81 1.64 1.64 1.97 1.97 2.18 1.97 1.67 
ASTM 04491 1.63 1.53 1,88 1.97 1.83 1.88 1.91 1.91 

1.79 

1.76 

1.68 

Average 1.72 1.59 1.77 1,82 1.82 2,01 1,90 1.88 

STD 0.07 0.05 0.10 0.21 0.13 0.13 0,06 0,16 
Coefficient of Variation 4,28 2.91 5.59 11.38 6.96 6,25 3.01 8,54 

% Change -7.18 3.11 6.21 6,02 17.09 10.87 9,51 

Trapezoidal Tear 87 97 78 85 106 61 85 102 

Tear Strength - (Ibs) 86 87 94 82 91 78 101 70 
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