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1.2.0

1.3.0

INTRODUCTION

1.1.1. = Purpose

Quality assurance refers to means and actions employed by In-Line Plastics, LC (ILP) to assure
conformity of the lining system installation with the Quality Assurance Plan, drawings and

specifications.

This manual addresses the quality. assurance of the installation of flexible membrane liners and
other geosynthetic products used by ILP in waste disposal landfills, surface impoundments or
other installations as specified by the owner and/or Engineer. This manual is a general guide and
not site specific.and delineates In-Line’s quality procedures and standards for installation.

Commonly use geosynthetic components of a lining system is being discussed in this manual. This
includes polyethylene geomembranes, geotextiles, geonets and geocomposites. This manual can
be a useful guide in delineating the quality assurance procedures and requiremenits for the
installation of all the above geosynthetic products. The site specific QA depends on job
specifications and site conditions.

This manual does not address the quality assurance of soils, cxcept in cases where soil placement
may have an influence on the geosynthetics.

1.1.2.  Scope of Quality Assurance

The scope of this manual includes the quality assurance applicable to shipment, handling, and
installation of all geosynthetics. In particular, full time quality assurance of the installation of
geomembranes and the installation of other geosynthetics is essential. ( See exhibit A for QA

Chart)

This manual does not address design guidelines, installation specifications, or selection of
geomembranes or other geosynthetics (which mcludes compatlbxhty between geosynthetic and -
contained material).

Construction Meetings
121 Progress Meetings

It is recommended an informal daily installation Progress Meetmg be held among appropnate
parties to discuss current progress

Delivéry; Storage, and handling _ B -

Membrane delivered to tlre site shall be unloaded prior to In-Line crew arrival and stored with a minimum
of handling. Each roll will be uniquely labeled.

Inventory shall be taken at the time of delivery. As the membrane is unloaded, it shall be inspected for
damage. Any damage will be noted and repaired per specification. The “inventory Report” form will be

. used as material is delivered. Any shortages shall be noted as missing items ordered.

Membrane material shall be handled with equipment that will not damage the membrane.
The storage area required shall be reasonably flat and well drained. The surface shall be free of sharp rocks or

other obj jects that may damage the membrane.
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The storage area must be as close as practical to the work area in order to minimize on site handling. The

storage area must also be secure to prevent vandalism and theft and must be such that the membrane is not
likely to be damaged by passing vehicles.

Equipment

1.4.1  Welding Equipment

Two practical types of welding equipment can be utilized: Wedge, and Extrusion.

A,

Wedge Welding

For panel }sreaming with varying subgrade, the contractor shall provide automated welding

+ equipment. The equipment shall be capable of measuring the temperature at the wedge and

monitoring the automated equipment to assure it maintains a consistent pressure to achieve a
passing field weld."

The power source shall be capable of providing constant voltage under a combined-line load.
Extrusion Welding
For extrusion welding, the contractor shall provide a field extrusion welder capable of

adhering a continuous bead between the panels with a nominal width of one inch. Extrusion
welders shall have a fixed preheat nozzle attached to the front of the extrusion welder.

1.4.2  Generators

Typically, a 6.5 kW or larger generator will be used at the work area and electrical extension cords
will be used to power the welding equipment. :

143  Miscellaneous Equipment

Small tools will include hook blade utility knives, scissors with rounded points, hand leister, grinders,
and silicone or rubber rollers.

GEOMEMBRANE INSTALLATION

2.1.1  Earthwork

A.

- Surface Preparation

The Earthwork Contractor shall be responsﬂ)le for preparmg the sybgrade according to
the projéct specifications and the following minimum industry subgrade standard
necessary to properly install the liner. .

Al ‘The surface to be lined has been prepared so as to be free of irregulzirities,
' protrusions, vegetation, excessive water, loose soil or abrupt changes in grade.

A2 The suppofting'surface does not coht_ain stones or other matter of such-
composition, shape or size which may be damaging to the geomembrane and

A3 There are no excessively soft surface aréeas

Under no circumstances shall the installer deploy any geomembrane iri areas not -
acceptable within these guidelines. A completed surface acceptance from shall be
provided to the customer specifically indicating the areas accepted for geomembrane

i
]
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installation during each day’s activities. This form shall be provided after installation
activities within that area. If at any time during the installation of the geosynthetic lining
system the prepared subgrade deteriorates, becomes damaged, or in any way is determine
unacceptable by the Site Supervisor, all liner installation work shall stop in those areas
and the condition of those areas brought to the attention of the appropriate party.

Anchor Trench . o

The anchor trenches shall be constructed by the Earthwork Contractor to the lines, widths
and depths as shown on the drawings and specifications. This task should be performed
prior to the geomembrane deployment. Pile excavated dirt away from the area to be
lined. ' :

The edges where the geosynthetics enter the trench should be free of irregularities,

protrusions, etc. to avoid potential damage to the material. Backfilling of the anchor

trench shall be the responsibility of the of the Earthwork Contractor in accordance with
specifications. Backfilling should occur when the geosynthetic material is at jts most
contracted state to avoid potential bridging problems. Care must be taken to avoid
damaging the geosynthetics during backfilling.

Geomembrane Deployment

The site supervisor, in conjunction with the customer shall agree upon the following issues. If any
adverse situation or disagreement exists, the site supervisor shall delay deployment until issues are
resolved.

2.2.1

Installation - ' A
The Site Supervisor shall proceed with deployment provided that:

¢ Deployment equipment does not damage the subgrade _
¢  Personnel who are in contact with the liner do not smoke, wear damaging (non-soft
sole) shoes or engage in other activities which risk damage to the liner

222 Useofalow ground pressure, rubber-tired all terrain vehicle (i.e. ATV) is allowed on the

223
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geosynthetic surface, provided proper care is taken to avoid damage and excessive traffic

Field panel placement installation sequénce should take into account site drainage, wind
direction, subgrade surface, access to the site, and production schedule of the project.
Field panels should be seamed as soon as possible after deployment and all deployed -

~ material shall be marked with appropriate identification.

Visual Inspection o -

The Site Supervisor and/or the QA Technician and the designated Independent Inspector
shall visually inspect each panel, as soon as possible after deployment, for damage or
areas needing repair. Areas shall be marked for repair. '

Field Seaming

Field seaming involves the bonding of adjacent panels using thermal methods.

23.1

Seam Layout

In general, seams shall be oriented parallel to the direttion of maximum slope, i.e.

. oriented along, not across, the slope. In corners and odd-shaped geometric locations, the *

number of seams should be minimized. No horizontal seams should occur on a panel less
the five lineal feet from the toe of the slope. On slopes of less that 10% (6L: 1H), this rule
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234

235

shall not apply. A cross slope seam may be utilized provided the panel ends are cut at an
angle of approximately 45%.

A seam is considered a separate entity if it is the principal attachment that joins two or

-more panels. Repairs are not considered seams in this context.

A numbering system using adjacent panel numbers shall identify each seam.
Seaming Equipment and Products

Approved processes for field seaming and repairing are extrusion welding and fusion
welding. All welding equipment shall have accurate temperature monitoring devices to
insure proper measurement of the welder temperatures.

A. Fusion Process

This process shall be used for seaming panels together and is not generally used for
patching or-detailéd work. The apparatus shall be of hiot wedge type and is commonly
equipped with a “split wedge” to allow air pressure seam testing.

Fusion welding equipment shall be ‘self—'propclled devices and shall be equipped with
functioning wedge temperature and seaming speed controllers to assure proper control by
the Welding Technician. ' .

B. Extrusion Process ,

This process shall be used primarily for repairs, patching, and special detail fabrication.
This method is also useful to connect new panels to previously installed liner that does
not have an exposed edge capable of being fusion welded.

The extrusion welding apparatus (hand welder) shall be equrpped with temperature
monitoring devices.

Seam Preparation

The Welding Technician shall verify that prior to seaming the seam area is free of
moisture, dust, sand, or debris of any nature; the seam is properly heat tacked and
abraded when extrusion welding; and seams are performed to minimize “fishmouths”.

Trial Seams (Trial Welds)

Prior to production seaming, trial seams shall be made and accepted using project

specified criteria. Trial seams shall be made.on appropriate sized pieces of identical or

equivalent geomembrane material to verify that seaming conditions and procedures are
adequate Each trial seam sample shall be assigned a number and the test results recorded
in the appropriate log. ‘ -

s  Trial seams shall be performed for each welder to be used and by each operator of
extrusion welders, ahd by the primary operator of each fusion welder.

e A passing trial seam shall be made prior to the beginning of each seaming period.

" Typically this is at the start of the day and after lunch break.

s  Fusion welded trial seam samples shall be approximately six feet long by oné foot
wide with the seam centered lengthwise. For extrusion welding, the trial seam
sample size shall be approximately three feet long by one foot wide with the seam
centered lengthwise.

Panel Seams (Production Seaming)
Upon Acceptance of the trial seams, work may begin on deployed panels. All seams shall
be non-destructively tested. Each completed seam shall be labeled with pertinent

information.
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Non-Destructively Seam Testing.

ILP will only non-destructively test field seams for their full length using an air pressure
test or a vacuum test, if required by Engineer’s specifications. The purpose of non-
destructively tests is to demonstrate the leak resistance of the seam.

The Site Supervisor shall schedule all non-destructively testing operations in order to
ensure prompt demonstration of weld quality and the orderly progress of the project.

The QA Technician shall instruct the testing personnel regarding marking of repairs
needed, leaks and sign-off marks on seam and repairs.

2)

b)

Vacuum Testing

Vacuuin testing is routinely performed on extrusion welds and can be performed
on the fusion welds. The equipment shall consist of a vacuum box assembly
with a vacuum gauge, a pumping device, and a soap solution..

The following procedure shall be followed:

Wet a section of the seam with the soap ‘solution. The seam section must be longer
that the vacuum box.

Place the vacuum box over the wetted area and apply body weight to form a seal
between the gasket and the liner.

Evacuate air to create a negative pressure of approx1mately 3 to 5 psig.

Observe the seam through the viewing window for pressure of soap bubbles emxttmg .
from the seam.

If no bubbles are observed, reposition the box on the next wetted area for testmg

with slight overlap.

If bubbles are-detected, this indicates a Ieak in the seam, mark the area of the leak for
repair and retest.

Air Pressure Testing _
Air pressure testing is performed on seams made by a double-seam fusion
welding apparatus.

The equipment shall be comprised of the following:

An air pump, or air tank, capable of producing a minimum air pressure of 25 psig in
the seam channel ,

A sharp hollow needle to insert air into the air channel of the seam

A hot air gun or other heating device to seal the ends of the air chaanel

The following procedures shall be followed:

Seal both ends of the air channel of the seam to be tested.

Insert the needle into the air chamber at ¢ither end of the seam to be tested. _
Pressurize the air channel to minimum of 15 psi. Allow the pressure to stabilize, and
if necessary, re-pressurize to 15 psi and note the pressure.

With a minimum pressure of 15 psi stabilized in the-air channel, the time of day
should be noted.

After approximately 5minutes, the air pressure should be read again.

If the difference between the two readings is more than 4 psi, the seam needs to be
retested

Upon completion of the air pressure test, the seam shall be marked and pomts
requiring repair identified.
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c) Procedures for Air Pressure Test Failure ' :
Should the séam fail the air pressure test, the following procedure shall be followed: -

e Reposition the apparatus and retest the same section

¢  While the seam air-channel is under pressure, traverse the length of the seam and
listen for the leak

e While the seam air-channel is under pressure, apply a soapy solution to the seam
edge (do not trim excess material from edge of seam) and observe for bubbles
formed by escaping air

e Re-test the seam in progressively smaller increments, until the area of leakage is
identified

e  Repair the identified leak area by extrusion welding the excess material at the edge
of the seam and then vacuum test

e In areas where the air channel is closed and the integrity of the weld is not suspect,
vacuum testing is acceptable

2.3.7  Destructive Seam Testmg
Destructive seam testing will only be performed at selected locations, if required by
Engineer’s specifications. The purpose of these tests is to evaluate bonded seam strength
testing shall be performed as work progresses. :

a) Location and Frequency
The frequency of sample removal is commonly no more that one sample per 500
lineal feet of seam. The sample can be taken at the end of a seam to avoid a
repair. '

b) Size of Samples ,
A sample segment twelve inches by twelve inches shall be cut with the seam
centered lengthwise. Additional segments may be cut for independent lab
testing, archival retain or other uses.

c) Sample Identification
The segment shall be marked with the approprlate destructive sample (D/S)
number.

d) Field Testing
Sample shall be tested in peel and in shear using the following procedure:

e Ten specimens of one-inch width shall be cut.

e  Five specimens shall be tested for peel. Fusion welds shall be tested from both sides.

o  Five specimens shall be tested for shear. =

o  The specimens shall be hand pulled to see if the seams exhibit a film tear bond
(FTB) (see Exhibits B & C). If specified samples can also be sent to In-Line Plastics
for in house testing in a tensiometer. Testing will occur at a rate of two inches per
minute. :

e) Pass/Fail Criteria
Seam shall exhibit a film tear bond (FTB) (see Exhibits B & C). For projects
that utilize a tensiometer, the followmg table provides minimum acceptable
values.



Seam Strength

ASTM D 4437
Shear Peel
Product Name Thickness Extrusion Fusion Extrusion Fusion
ASTM D kN/m kN/m - KN/m’ kN/m
5199 (Lb./in) (Lb./in) (Lb./in) (LB/in)
Mm (mils) ‘
HDPE Smooth 0.75 (30) 9.4 (54) 9.4 (54) 6.3 (36) 7.3 (42)
HDPE Smooth 1.0 (40) 13.3(76) 13.3 (76) 8.7 (50) 10.3 (59)
HDPE Smooth ‘1.5 (60) 204 (117) 204 (117) 12.7 (78) 159 (91)
HDPE Smooth 2.0 (80) 27.1(155) 27.1(155) 18.2 (104) 21.1(121)
LLDPE Smooth 0.75 (30) 7.3 (42) 7.3 (42) 6.1 (35) 6.1 (35)
LLDPE Smooth 1.0 (40) 9.8 (56) 9.8 (56). 8.4 (48) - 8.4 (48)
LLDPE Smooth 1.5 (60) 14.7 (84) 14.7 (84) 12.6 (72) 12.6 (72)
LLDPE Smooth 2.0 (80) 19.6 (112) 19.6 (112) 16.8 (96) 16.8 (96)
Seam Strength
ASTM D 4437
Shear Peel
Product Name Thickness Extrusion Fusion Extrusion Fusion
ASTM D kN/m kN/m KN/m kN/m
_ 5199 (Lb./in) (Lb./in) (Lb./in) (Lb./in)
Mm (mils) o : ]
HDPE Textured 0.75 (30) 9.4 (54) 9.4 (54) 6.3 (36) 7.3 (42)
HDPE Textured 1.0 (40) 13.3(76) 13.3 (76) 8.7 (50) . 10.3 (59)
HDPE Textured 1.5 (60) 20.4 (117) 20.4(117) 127 (78) 15.9(91)
HDPE Textured 2.0 (80) 27.1(155) 27.1(155) 18.2(104) | - 21.1(121)
LLDPE Textured 0.75 (30) 5.9 (34) 5.9 (34) 5.0 (29) 5.0 (29)
LLDPE Textured 1.0 (40) 8.4 (48) 8.4 (48) 7.0 (40) 7.0 (40)
LLDPE Textured 1.5 (60) 13.0(70) 13.0 (70) 11.0 (60) - 11.0 (60)
LLDPE Textured 2.0 (80) 16.8 (96) 16.8 (96) 14.0 (80) 14.0 (80)

In addition to these values the sample shall not fail within the seam area. Three out of
five specimens meeting the above cntena will constitute a passing test.

If the seam fails the test, the following procedure shall be followed. Additional sample

segments of the same size shall be removed approximately 10 lifieal feet in each direction

from the failed seam. Both of these sample segments shall be tested in-accordance with
the criteria listed above and each segment must pass. This procedure istepeated until a
passing result is obtained. In lieu of taking an excessive number of samples the entire

seam may be repaired as outlined in Section 2.3.8.a.

2.3.8

Defects and Repairs

All seams and non-seam areas of the polyethylene lining system shall be examined for
identification of defects. Identification of defects or repair may be made by markmg on
the sheet/seam with an appropriate marking device. -

a)

- Repair Procedures

Any portion of the polyethylene lining system exhibiting a defect which has
been marked for repair shall be repaired with any one or combination of the
following methods:

e Patching:

using to repair holes, tears
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e

e  Grind and re weld: used to repair small sections of extruded :

seams
e  Spot welding: used to repair small minor, localized flaws ' o~
e Flap welding: used to extrusion weld the flap of a fusion

weld in lieu of a full cap
e  Capping: used to repair failed seams
e Topping: application of extrudate bead directly to

exist

The suspected defect shall be demonstrable as out of specification and
detrimental to the performance of the liner.

The following conditions, shall apply to all the above methods:

e  Surfaces of the polyethylene which are to be repaired shall be lightly
_ abraded to assure cleanliness .
o All surfaces intended to receive extrudate must be clean and  dry at the
time of the repair
o All patches and caps shall extend at least four mches beyond the edge
of the defect, and all patches shall have rounded corners.

b) - Verification of Répairs
Repairs shall be non-destructively tested according to the criteria established in
Section 2.3.6.¢. :

Repairs, which pass the non-destructive test, will be taken as an indication of an
adequate repair. Failed tests indicate that the repair must be re-done and re-
tested until a passing test result. :

240 Lining System Acceptance

After work is complete, the Site Supervisor and/or QA Technician shall conduct a final inspection
(walk-down) of the area for confirmation that all repairs have been appropriately performed, all
test results are acceptable and the area has all scrap, trash and debris removed. Only after careful
evaluation by the Site Supervisor and acceptance by the Customer shall any materlal be placed
upon the lining system.

The geosynthetic lining system will be accepted by the customer when:
s Installation of materials is completed.

e Verification of the adequacy of all seams and repairs, including associated

testing and documentation is completed ‘

-
-

Signing a Certificate of Acceptance (see Attached) will indicate acceptance by all parties. Partial
area of the installation may be accepted in order to allow further construction of the project.

Handling

All geotextile, geonets, and geocomposites shall be handled in such a manner as to ensure they are not -
damaged. :

e, On Slopes, the geosynthetics shall be securely anchored in the anchor trench and then rolled down the
slope in such a manner as to keep the material in tension. )

¢ Sandbags shall be used to secure the edges of the matenal when the potential wmd damage is
significant. :
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e Cuttmg the material shall be done in such a manner as to prévent damage to any underlying or adjacent

geomermbrare.
o Care should be taken when deploying geosynthetic materials that stones, debris or other materiakis not

- trapped by the geonet, geocomposites, geotextile or geosynthetic clay liner and which mxght damage the

geosynthetlc or geomembrane.

Deployment and Installation

3.2.1

322

323

324

Geonet — Drainage Net
Geonet shall be overlapped approximately four inches and fastened together with plastic cable ties.

Geotextile/ Geonet Geocomposite -

The geonet component shall be overlapped apprommately four inches and fastened together with
plastic cable ties. The unbonded edge of the geotextile component shall remain overlapped.
Bonded edge of the geocomposite shall be overlapped approxxmately four inches and fastened

'thh plastic cable ties.

Geotextile
Geotextile may be installed by overlappmg, by heat bonding (spot or contmual basxs) as mdlcated
in the specifications.

Geosynthetic Clay Liner

Seaming of GCLs is achieved by overlap the GCL panels approximately six inches. End-of-roll -
seams shall be overlapped a minimum of 12”. Supplemental granular bentonite is required for
reinforced GCL. The granular bentonite shall be applied at a rate of one quarter pound per lineal

- foot between the overlapping panels and at end-of-roll.

Geosynthetic Repair

3.3.1

33.2

333

334

Exhibits

Geonet — Drainage Net

'Any tear larger than twelve inches shaH be repaired. Patches shall extend at least six inches from

all sides of the tear and shall be fastened with plastic cable ties.

Geotextile/ Geonet Geocomposite _
Holes and tears in the composite material shall be repaired with a patch of identical or similar
material extending at least 6” from all sides of the hole or tear and fastened with plastic cable ties,

Geotextile

Holes in geotextile material shall be repaired using a patch of identical or similar materials
extending approximately six inches on all sides from the hole or tear and heat bonded to parent
material. z -
Geosynthetic Clay Liner

The area to be repaired (patched) must be free of contamination by foreign matter. Patches should
have approximately twelve inches overlaps around the damaged area. For fabric-encased GCLs,
the patch is to be tucked into place with excess bentonite poured over the overlap. However, -
temporary attachment of patches is required to ensure that the patch is not dislodged by covermg

with geomembrane or soil.

» 'A. QA Chart . |

» B. Pass/Fail Criteria — Hot Wedge Weld

» C. Pass/Fail Criteria - Extrusion Weld
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In-Line Plastic’s Installation Forms

>

>
>
>

Y

D.

E.

Subgrade Acceptance
Preweld Qualification
Daily Progress Report Master

Destructive Sample Report

- Certificate of Acceptance

-10-
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DESTRUCTIVE TESTING OF DUAL
HOT WEDGE WELD |

“WELD "A" (OQUTER).

ATR PRESSURE TEST CHANNEL

BOTTOM SHEET

TEST STRIP - RESULTS

e mm— FTB IN BOTTOM SHEETING
*#x(PASS)

I FTB IN TOP SHEETING
*+£%(PASS)

" FTB IN BOTTOM SHEETING AT

e p—— INNER EDGE OF SEAM.
| FEH(PASS)

FIB = FILM TEAR BOND



FTB IN TOP SHEETING AT INNER
EDGE OF SEAM.

D e e ***(PASS)

FTB IN TOP SHEETING OF SEAM
AFTER SOME ADHESION FAILURE.

e m— HH(FAILURE)

FTB IN BOTTOM SHEETING OF SEAM
AFTER SOME ADHESION FAILURE.
*4+(FAILURE) |

o FAILURE IN ADHESION.
. *+X(FATLURE)

-

FIB = FILM TEAR BOND



VARIETIES OF SEAM FATLURES DURING
DESTRUCTIVE TESTING OF
EXTRUSION WELD

. ] . T s
DR OUIIRIOCaeOROTR LT N
OVERLAPPED SECTION \

OF BOTTOM SHEET BOTTOM SHEET

TEST STRIP RESULTS

FTB SEPARATION IN

BOTTOM SHEET AFTER
SOME DELAMINATION.
*+%(PASS)

FIB SEPARATION IN TOP
SHEET AT SEAM EDGE.
*#%(PASS)




FTB SEPARATION IN TOP
SHEET.
*£(PASS)

FTB SEPARATION IN
BOTTOM SHEET.
*+%(PASS)

FTB SEPARATION IN
BOTTOM SHEET AT
OUTSIDE SEAM EDGE.
***(P AS S)

FTB SEPARATION AT
WELD (IF RECORDED
STRESS MEETS SPEC).
#%5(PASS) -




FTB = FILM TEAR BOND

SEPARATION IN ADHESION,
*+%(FATLURE)

SEPARATION IN ADHESION.
***(FAILURE)

1y
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INE PLASTICS, INC.

SUBGRADE SURFACE ACCEPTANCE

Customer: ' , Date:
Project Name: , ' Project Number:
Location: - A " Partial: " Final:

I, the undersigned duly authorized representative of In-Line Plastics, LC, certify that ﬁp‘on visual
inspection the subgrade surface described below meets criteria for installation of:

By signing below, however, In-Line Plastics, LC acknowledges no responsibility for the
subgrade design, degree of moisture or compaction, integrity, elevation, or maintenance thereof,
in any way. : o '

Approximate size of area accepted:

Description of the area accepted:

i3

In-Line Representative ' Owner/Contractor Inspector
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INE PLASTICS, INC.

- CERTIFICATE OF ACCEPTANCE

Project Name: ' In-Line Contract Number:_

Description of the-Project:

Total Area: SF

I, the undersigned, duly authorized representative of

do hereby take over and accept the work described above from the date hereof and confirm that to the best
of my knowledge, the work has been completed in accordance with the specifications and the terms and
conditions of the contract. There appears no damage to the plastic lining nor any unacceptable
interference within or without the surrounding works‘-Scrap and off—éuts have been removed and the
works have been in clean and tidy condition. In-Line Plastics, LC-undertakes to rectify any damage

resulting from defective materials or workmanship within compliance of contract guarantees. _

-

Name: . Signature:

Title: Date:

Certified and accepted by In-Line Plastics, LC Representative

Name: : Signature:

Title: Date:
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' |} Prod cription

Mirafie N-Series NonWoven
Polypropylene Geotextiles

product

1C Mirafi offers a wide range of nonwoven
geotexlites for soil scpatation, filtration and
protection. These geotextilas are cost-
effactive reinlorcemont slsments which
itnprove and enhance modern construction
technlques in & variety or givit engineering
goplications.

PRODUCT DESCRIPTION

Mirafi® N-Series prodiicts ars nenwoven ggo-
textlles comprised of polypronylans staple
flbars. Mirafi"N-Series Nonwoven Polypropy-
lene Geotextiles provide excellent physical and
hydraulic propsrties in addltion to high tensila
strengths,

FEATURES AND BENEFITS
v Construction, Mirafi* N-Sories geotex-
tiles easlly confarm to the ground or
tranch surface for trouble-free instailation;
¢ Strength, Mirafi*N-Serieg geotextiles

withstand severe installation stresses with

- high puncture and burst resistance;

* Fittration. High bermeability propertios
provide high water flow rates whila provid-
ing excellent filtration Properties;

¢ Envirenmental, Mirafi® N-Series geotex-
tiles are chemically stable In a wide rengs
of aggrassive environments;.

Mirafi® N-Series lightweighe honwoven used as protective fllter in

subsucface dreinage application,

ter. Mlrafl® N-Serles

, condltione, finding a

for Soll Separation, Filtration, and Protection

*  Gosteffectlve, Mirufi° N Sorlgg (eotox.
tiles proviae sconomical solutiong to marny
aivll engineering applications Including &
cost-effective altertiative to graded Aygre-
gate fitters.

APPLICATIONS

Mirafi* N-Serles Nonwovans ure used i d
wida veriely of applications including sepUras
tlon, fitration, and protection applicatione,

Lightwelght nonwaevens are pradominantly
used for subsurface drainage applications
along highways, within
smbankmonts, under
airfields, and alhletic
flelds.  For thess
dralnage structures to
be sitective, they must
have a  properly
deslgned protective fil-

Nonwoven Geotextlles
elminate the problenns
of determining the
aggregate gradation
required to match soil

convenient and eQo-

(Rik

an athletlo field

Mirafi* N-Seties light wel

narvical source of 8 specific 3ggrogate gruds-
tian, transporting and placing gradar fggro

gate, and assuing thal the In plice sgoragate
gradlation provicles sffectiva ier performance.

Hoavywsight nonwovans arc use in critical
subsurface drainage systems, sof separation,
permanent erosion conlrol, and geomem.
brane liner protaction within landlills, These
geotextiles provide the required strength gnd
sbraslon rasistance to withstand ngtaliation
and application stresses to craate un cffactive,
lonQ-term solution.

m.,‘.,._mﬁ: g

ght nonwaven used as protective filter In

%

"TC Mirafi

[P

[
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wuce Mirafi® N-Series NonWoven
Polypropyiene Geolextiles

for Soil Separation, Filtration, and Protection

Jal o ;

Property / Teet Method Units (ML _M4ONC MON 6ON 170N (180N ] (1100N) 1120N  11c0m
MECHANICAL PROPERTIES AN g j -
Grab Tensile Strength ’ - '
ASTM D 4632
Strength @ Ultimate kN (Ibs) 040(0)  045(100) 053(120) O71(160) 080(180) 09 (208) 1.11(250) 1.34(300) 1.69(350)
Elongation @ Ultimats % 50 60 50 &0 50 50 G0 50 50
Mullen Burst Strength kPa 1309 1550 1654 2239 2412 2756 3514 4134 5167
ASTMD aras (pst) (180) (225) (240) (325) (350) (400)  (510) (600} (750)
Trapezoidal Tear Strength kN 0.16 0.20 0.22 0.27 0.33 0.36 0.45 0.51 0.62
ASTMD 4355 (tbs) (35) (45) (50) (60) (78) ®0)  (100) (118 (149
Funotura Strangth kN 0.24 0.30 0.31 0.42 0.46 058 069 0.78 1.05
ASTM D 4833 (los) (85) (65) (70) (99) (105) (130) (155) (175) (235)
UV Resletanica efter 500 hrs. % stiength 70 70 70 70 70 70 70 70 70
ASTM D 4355 -
HYDRAULIC PROPERTIES
Apparent Opening Size (A0S) US Sieve 70 70 70 70 ! 80 100 100 100
ASTM D 4751 mm 0212 o212 0.212 0.212 0180  0.180 0.150 0150  0.150
Permithvity sec 2.0 1.9 1.8 1.4 1.4 1.2 1.0 0.B 0.7
ASTM D 4431
Flow Rate - Vel 8111 5698 5500 4477 4278 - 888G 3056 2848 2037
ASTM D 4191 (galmivtt)  (180) (140) (185) (110)  (108) ©) (78 (65) (80)
Packaging .
Rall Width m(tt) 3.8(125) 38(128 d.8(¢285 :

‘ 45180) 45(150) 450150 4505 45080  as150 a5 (15¢ 450150 45050
Roll Length mf) 1087060 18760 167850 91500 VISR oS msEn 01500 45,7 (150)
Est. Gross Welght kgbs) 63(188) 70(154) 78 (167) ; '

| e Ew_s; 8318 viog P 10en 1zen ey mwEg  1zes

A(&E » mHyd? 418 (500) 418 (800) - 418 (500} 418500 41800y “BED  418ED 418500 200psy”

501 (600} 501 (800) 501 {500)

NOTE: all Mechanical Froparties and Hydravlic Propertles shown are Mininu Average Foll Valuss (MARV).

Cut-aff/Incoptor draln along a roadway of
Othor critical structure

French draln without plpa n within a fandii

PATREEG

365 South Halland Driva
{/‘ ‘Pendergrass, GA 30567

> (888) T85-0808; (708) 803-2275 ' o
TCMirsfi 1oy 708 693-4400 ‘

TC Ml Warrarmy: TC Mirafi warants our products
Ished apecificalions, If o product la founa 10 by dofect;
Calomexr or rofund the purchage price at TC Mk
conaequentisl damage allribulod 1o & defoctive p
WARRANRTY OF MEROHANTABILITY OR FITNESS FOR APARTY
FACE HEREOPR, ’

PDS-NGERIES5@E
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Mirafi 1100N
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cretem e )

TECHNICAL DATA SHEET

Mirafi 1100N is a nonwoven geotextile composed of polypropylene fibers, which are formed into a
stable network such that the fibers retain their relative position. 1100N is inert to biological

degradation and resists nafurally epcountered chemicals, alkalis, and acids.

Mechanical Properties

Test Method - Unit Minimum Average
: : Roll Value
- MD Ch
Grab Tepsile Strength ASTM D 4632 kN (lbs) 1.11 (250) | 1.11(250)
Grab Tensile Elongation ASTM D 4632 % 50 50
Trapezoid Tear Strength ASTM D 4533 |  kM«(3bs) 0.45(100) | 045(100) "
Mullen Burst Strength ASTM D 3786 kPa (psi) 3514 (510)
Puncture Strength ASTM D 4833 | kN (Ibs). 0.69 (155)
Apparent Opening Size (AOS) ASTM D 4751 mm 0.150
: : (U.S. Sieve) (100) -
Permittivity ASTM D 4491 sec! 1.0
Permeability ASTM D 4491 cov/sec 0.25
Flow Rate 1 ASTM D 4491 Vmin/m? 3056
| (paliminvtt) (75)
UV Resistance (at 500 hours) ASTM D 4355 | % strength 70
| ‘ ' retained
Physical Properties | TestMethod | Unit Typical Value
Weight ASTMD 5261 | g/m? (oz/yd) - 339(10.0) .
Thickness TASTMD 5199 | mm (mils) 2.5 (100)
Roll Dimensions m 45x91
(width x length) (ft) (15x 300).
" Roll Area - m? (yd?) 418 (500)
Estimated Roll Weight - kg (Ib) 150 (331)

DISCLAIMER: TC Mirafi warrants our products to be free from defects in material and workeanship
when delivered to TC Mirafi’s customers and that our products meet-our published specifications.

Contact your local TC Mirafi Representative for detailed product specification and warranty information.

Date: Jan. 1, 1989
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TC Mirafi

TECHNICAL DATA SHEET

Mirafi 180N

Mirafi 180N is a noowoven geotextile composed of polypropylene ﬁbefs, which are formed into a
stable network such that the fibers retain their relative position. 180N is inert to biological
degradation and resists naturally encountered chemicals, alkalis, and acids,

- Mechanical Properties Test Method- Unit Minimum Average
' : ' Roll Value
: MD CD
Grab Tensile Strength "ASTM D 4632 kN (bs) - 0.9 (205) 0.9 (205)
Grab Tensile Elongation ASTM D 4632 % 50 , 50
Trapezoid Tear Strength ASTMD 4533 | KN (bs) 0.36 (80) | 0.36 (30)
Mullen Burst Strength ASTM D 3786 kPa (psi) 2756 (400)
__ Puncture Strength ASTM D 4833 KN (Ibs) 0.58 (130)
Apparent Opening Size (AOS) ASTM D 4751 mm - 0.180
' : : (U.S. Sieve) (80)
Permittivity ASTM D 4491 sec! 12
Permeability ASTM D 449] cm/sec 028 -
Flow Rate ASTM D 4491 Vmin/m? 3866
- | (eal/min/fiv) (95)
UV Resistance (at 500 hours) ASTMD 4355 | % strength 70
’ retained ’
Physical Properties | Test Method Unit Typical Value
. Weight ASTM D 5261 | g/m?* (oz/yd?) 278 (82)
Thickness ASTM D 5199 |  mm (mils) 2.3 (90)
. Roll Dimensions -~ m 4.5x 91
(width x length) ) - (15x300)
Roll Area . m! (yd?) 418 (500)
Estimated Roll Weight . ke (1b) 124 273)

DISCLAIMER: TC Mirafi warran
when delivered to TC Mirafi’
Contact your local TC Mirafi

180N,D0OC
Boviuign: 2 .
Uata: Jan, 1, 1999

s our products to be free from defects in material and workmanship
§ customers and that our products meet our published specifications.
Representative for detailed product specification and warranty information.




GSE HD* GSE HD is a high quality, high density polyethylene (HDPE) geomembrane
HDPE Geomembrane Produced from specially formulated, virgin polyethylene resin. This polyethylene
resin is designed specifically for flexible geomembrane applications. GSE HD
contains approximately 97.5% polyethylene, 2.5% carbon black and trace amounts
of antioxidants and heat stabilizers; no other additives, fillers or extenders are
used. GSE HD has outstanding chemical resistance, mechanical properties,
environmental stress crack resistance, dimensional stability and thermal aging
characteristics. GSE HD has excellent resistance to UV radiation and is suitable
for exposed conditions. '

TESTED PROPERTY TEST METHOD MINIMUM VALUES

|| Thickness, mils (mm) ASTM D 5198 - —27(0.69) 36 (0.91). 54 (1.4)
Density, g/em® ASTM D 1505 0.94 0.94 0.94
| Tensile Properties (each direction) ASTMD 638, Type IV

Strength at Break, Ib/in-width (N/mm) Dumbell, 2 ipm 122 (21) 162 (28) 243 (43)
Strength at Yield, Ib/in-width (N/mm) ‘ S 831 84 (15) 130 (23)
Elongation at Break, % G.L.2.0in (51 mm) ' 700 ~ 700 700
Elongation at Yield, % _ G.L 1.3in (33 mm) 13 13 13
Tear Resistance, Ib (N) ASTM D 1004 - 21(93) 28 (124) 42 (187)
Puncture Resistance, |b (N) - ASTM D 4833 . 59 (263) 79 (352) 118 (530)
Carboﬁ Black Content, % ASTM D 1803 : : 2.0 » 2.0 2.0
Carbon Black Dispersion ASTM D 5596 _ +Note 1 +Note 1 +Note 1
Notched Constant Tensile Load, hrs ASTM D 5397, Appendix © 400 400 400
. REFERENCE PROPERTY TEST METHOD NOMINAL VALUES
Thickness, mils (mm) - ASTM D 51989 30 (0.75) - 40(1.0) 60 (1.5)
Roll Length™ (approximate), ft (m) 952 (290) 650 (198) 420 (128)
l Low Temperature Briteness, F (°C) ASTM D 746, Cond. B <A07 (<77) <107 (<77) <107 (<77)
Oxidative Induction Time, minutes ASTM D 3895, 200 °C; Og, 1atm >100 >100 >100
| Water Absorfion, % wt, change ASTM D 570 . 001 w01 <001
Moisture Vapor Transmission, ¢/m?day ASTME 96 <0.001 <0.001 <0.001
Dimensional Stability (each direction), % ASTMD 1204, 100 °C, 1 hr 2 32 2

+Note 1: Dispersion only applies to near spherical agglomerates. 9 of 10 views shall be Category 1 or 2. No more than 1 view from Category 3.

GSE HD is available in rolls approximately 22.5 ft (6.9 m) and 34.5 ft (10.5 m) wide and weighing about 2,900 Ib (1,315 kg) and 4,400 Ib (1,995 kg)
respectively. Other material thicknesses are available upon request. .

| " Roll lengths correspond to the 22.5 ft (6.9 m) wide roll goods. o A :
[ Thisinformation is provided for reference purposes only and is not intended as a warranty or guarantee. GSE assumes no liability in connection with
'3 the use of this information. Check with GSE for current, standard minimum quality assurance procedures.

* GSE and other marks used in this document are trademarks and service marks of GSE Lining Technology, Inc.; certain of which are registered in the United States and other count

! Americas Europe/Africa Asia/Pacific .

{| GSELining Technology,  GSE Lining Technology ~ GSE Lining Technology / Represented by: \
E fnc. . GmbH Company Ltd,

£l 19103 Gundle Road Buxtehuder Strasse 112 RASA Tower 555, 26th Floor
o Houston, TX 77073 D-21037 Hamburg Phaholyothin Road, Ladyao
"BUS.A Germany _ Chatuchak

l Phone: 281-443-8564 Phone: 49-40767420 Bangkok 10900

800-435-2008 Fax:  49-40-7674233 Thailand .
Fax:  281-230-8550 Phone: 66-2-937-0091
Fax:  66-2-937-0097 -
For environmental lining solutions...the world comes to \ . ' : /
GSE.” '

A Gundle/SLT Environmental, Inc. Company - DS 005R01/10/01
www.gseworld.com '




GSE HD" GSE HD is a high quality, high density polyethylene (HDPE) geomembrane
HDPE Geomembrane Produced from specially formulated, virgin polyethylene resin. This polyethylene
resin is designed specifically for flexible geomembrane applications. GSE HD
contains approximately 97.5% polyethylene, 2.5% carbon black and trace amounts
of antioxidants and heat stabilizers; no other additives, fillers or extenders are
used. GSE HD has outstanding chemical resistance, mechanical properties,
environmental stress crack resistance, dimensional stability and thermal aging
characteristics. GSE HD has excellent resistance to UV radiation and is suitable
for exposed conditions. ’

TESTED PROPERTY TEST METHOD MINIMUM VALUES
| Thickness, mils (mm) ASTM D 5199 27 (0.69) 36 (0.91) 54 (1.4)
I Density, g/om? ASTM D 1505 0.94 0.94 0.94
Tensile Properties (each direction) ASTM D 638, Type IV
¢ Strength at Break, Ibfin-width (N/mm) ’ Dumbell, 2 ipm 122 (21) 162 (28) 243 (43)
Strength at Yield, b/in-width (N/mm) : L et 84 (15) 130 (23)
Elongation at Break, % G.L.2.0in (51 mm) 700 ~ 700 700
Elongation at Yield, % G.L. 1.3in (33 mm) 13 13 13
Tear Resistance, Ib (N) ASTM D 1004 ’ 21 {93) 28 (124) 42(187)
Punciure Resistance, Ib (N) ASTM D 4833 59 (263) 79 (352) 119 (530)
Carbon Black Content, % ASTM D 1603 ' ‘ 2.0 2.0 2.0
Carbon Black Dispersion ASTM D 5596 - +Note 1 +Note 1 +Note 1
Notched Constant Tensile Load, hrs ASTM D 5397, Appendix 400 - 400 ' 400
REFERENCE PROPERTY TEST METHOD NOMINAL VALUES
| Thickness, mils (mm) ASTM D 5199 ' 30(0.75) 40(1.0) 60 (1.5)
jfl Roll Length™ (approximate), ft (m) ’ 952 (290) 650 (198) 420 (128)
Low Temperature Brittleness, °F (c) ASTM D 746, Cond. B ' <107 (<-77) <107 (<77} <107 (<-77)
| Oxidative Induction Time, minutes © ASTM D 3895, 200 °C; Oy, 1 atm >100 - >100 >100
| Water Absorption, % wt. change __ASTMD570 ' <0.01 .~ <0.01 <0.01
Moisture Vapor Transmission, g/mzday ASTME 96 <0.001 <0.001 <0.001.
Dimensional Stability (each direction), % ASTMD 1204, 100°C, 1 hr - 12 2 2%

+Note 1: Dispersion only applies to near spherical agglomerates. S of 10 views shall be Category 1 or 2. No more than 1 view from Category 3.

GSE HD is available in rolls approximately 22.5 ft (6.9 m) and 34.5 ft (10.5 m) wide and weighing about 2,900 Ib (1,315 kg) and 4,400 Ib (1,995 kg)
& respectively, Other material thicknesses are available upon request. i

" Roll lengths correspond o the 22.5 ft (6.9 m) wide roll goods.

! This information is provided for reference purposes only and is not intended as a warranty or guarantee. GSE assumes no liability in connection with
| the use of this information. Check with GSE for current, standard minimum quality assurance procedures.

| *GSE and other marks used in this document are trademarks and service marks of GSE Lining Technology, Inc.; certain of which are registered in the United States and other countr§

& Americas Europe/Africa Asia/Pacific P
| GSE Lining Technology,  GSE Lining Technology  GSE Lining Technology" / Represented by: \

ne. - GmbH Company Ltd. :

9103 Gundle Road Buxtehuder Strasse 112 RASA Tower 555, 26th Floor -
it Houston, TX 77073 D-21037 Hamburg Phaholyothin Road, Ladyao
BUSA ’ Germany Chatuchak
| Phone: 281-443-8564 Phone: 49-40767420 Bangkok 10900
800-435-2008 Fax: 49-40-7674233 - Thailand ‘
B Fax:  281-230-8650 Phone: 66-2-937-0091
- Fax:  66-2-937-0097 .

For environmental lining solutions...the world comes to \ : - ' /
GSE.”
A Gundle/SLT Environmental, Inc. Company DS 005 R01/10/01

www.gseworld.com




GSE HD" GSE HD is a high quality, high density polyethylene (HDPE) geomembrane
HDPE Geomembrane Produced from specially formulated, virgin polyethylene resin. This polyethylene
resin is designed specifically for flexible geomembrane applications. GSE HD
contains approximately 97.5% polyethylene, 2.5% carbon black and trace amounts
of antioxidants and heat stabilizers; no other additives, fillers or extenders are
used. GSE HD has outstanding chemical resistance, mechanical properties,
environmental stress crack resistance, dimensional stability and thermal aging
characteristics. GSE HD has excellent resistance to UV radiation and is suitable

for exposed conditions.

| TESTED PROPERTY

TEST METHOD

_MINIMUM VALUES

it Thickness, mils (mm)

ASTM D 5199

27 (0.69) 36 (0.91) 54(1.4)

} Density, g/om?

ASTM D 1505

Tensile Properties (each direction) )
| Strength at Break, Ib/in-width (Nimm)
Strength at Yield, Ib/in-width {N/mm)
Elongation at Break, %

Elongation at Yield, %

ASTM D 638, Type IV
Dumbell, 2 ipm

G.L. 2.0in {51 mm)
G.L 1.3in (33 mm)

0.94 0.94 0.94

122(21) 162 (28) 243 (43)
63 (11) 84 (15) 130 (23)
700 700 700

13 13 13

Tear Resistance, Ib (N)

ASTM D 1004

21(93) 28 (124) 42(187)

Puncture Resistance, Ib (N)

ASTM D 4833

59 (263) 79 (352) 119 (530)

Carbon Black Content, %

ASTM D 1603

2.0 20 2.0

Carbon Black Dispersion

__ASTM D 559

+Note 1 +Note 1 +Note 1

B Notched Constant Tensile Load, hrs

ASTM D 5397, Appendix

400 400 400

REFERENCE PROPERTY

TEST METHOD

NOMINAL VALUES

. Thickness, mils (mm)

ASTM D 5199

30 (0.75) 40 (1.0) 60 (1.5)

| Roli Length™ (approximate), ft {m)

852 (290) 650 (198) 420 (128)

| Low Temperature Brtieness, °F (°C)

ASTM D 746, Cond. B

<107 (<77) - <107 (<-77)  <-107 (<-77)

Oxidative Induction Time, minutes

ASTM D 3895, 200 °C; Oy, 1 atm

>100 >100 >100

Water Absorption, % wt. change

ASTM D 570 i

<0.01 <0.01 | <0.01

B Moisture Vapor Transmission, g/m?day

ASTME 96

<0.001 <0.001 *_<0.001

| Dimensional Stabilty (each direction), %

ASTMD 1204, 100 °C, 1 hr

2 12 ' 32

+Note 1: Dispersion only applies to near spherical agglomerates. 9 of 10 views shall be Categpry 1or2. No more than 1 viewAfrom Category 3.

GSE HD is available in rolis approximately 22.5 f (6.9 m

[l respectively. Other material thicknesses are available upon request.
H " Roll lengths correspond to the 22.5 ft (6.9 m) wide roll goods.

This information is provided for reference purposes only and is not intended as a warranty or guarantee. GSE assumes no liability in connection with
he use of this information. Check with GSE for current, standard minimum quality assurance procedures.

) and 34.5 {t (10.5 m) wide and weighing about 2,900 Ib (1315 kg) and 4,400 Ib (1,995 kg)

GSE and other marks used in this document are trademarks and service marks of GSE Lining Technology, Inc.; certain of which are registered in the United States and other count

4 Amegicas
# GSE Lining Technology,
GmbH

Buxtehuder Strasse 112
D-21037 Hamburg

S.A. Germany
] Phone: 281-443-8564
800-435-2008 Fax:
281-230-8650

For environmental lining solutions...
' GSE.”

EuropelAfrica
GSE Lining Technology

Phone: 49-40767420 .
49-40-7674233

AsialPacific
GSE Lining Technology
. Company Ltd.

. Chatuchak

Bangkok 10900
Thailand
Phone: 66-2-937-0091
Fax:  66-2-937-0097

A Gundle/SLT Environmental, Inc. Company

www.gseworld.com

RASA Tower 555, 26th Floor
Phaholyothin Road, Ladyao

e  Represented by: N\

the world comes to

A _

DS 005 RO1/10/01




GSE HD* GSEHD is a high quality, high density polyethylene (HDPE) geomembrane

HDPE Geomembrane produced from specially formulated, virgin palyethylene resin. This polyethylene
resin is designed specifically for flexible geomembrane applications. GSE HD
contains approximately 97.5% polyethylene, 2.5% carbon black ahd trace amounts
of antioxidants and heat stabilizers; no other additives, fillers or extenders are
used. GSE HD has outstanding chemical resistance, mechanical properties,
environmental stress crack resistance, dimensional stability and thermal aging
characteristics. GSE HD has excellent resistance to UV radiation and is suitable
for exposed conditions.

TESTED PROPERTY TEST METHOD MINIMUM VALUES

I Thickness, mils (mm) ASTM D 5199 27 {0.69) 36 (0.91) 54 (1.4)
| Density, g/om® ASTMD 1505 0.94 0.94 0.94
| Tersile Properties (each direction) ASTM D 638, Type IV 4
| Strength at Break, Ib/in-width (N/mm) Dumbell, 2ipm 122 (21) 162 (28) 243 (43)
Strength at Yield, ib/in-width (N/mm) : ' . 63 (1) 84 (15) 130 (23)
Elongation at Break, % G.L.2.0in (51 mm) - 700 _ 700 700
Elongation at Yield, % G.L. 1.3in (33 mm) _ 13 13 13
Tear Resistance, Ib (N) . ASTM D 1004 21 (93) 28 (124) 42 (187)
Puncture Resistance, Ib (N) ASTM D 4833 59 (263) 79 (352) 119 (530)
Carbon Black Content, % ASTM D 1603 ' 20 2.0 20
Carbon Black Dispersion ASTM D 559% +Note 1 +Note 1 +Note 1
Notched Constant Tensile Load, hrs ASTMD 5397, Appendix 400 400 400

REFERENCE PROPERTY TEST METHOD . NOMINAL VALUES
| Thickness, mils (mm) ' ASTM D 5199 30 (0.75) 40(1.0) 60 (1.5)
| Roll Length™ (approximate), f (m) 952 (290) 650 (198) 420 (128)
| Low Temperature Brittieness, °F ('C) ASTM D 746, Cond, B <107 (<77) <107 (<77) <107 (<-77)
Oxidative Induction Time, minutes ASTM D 3885, 200 °C: 0o, 1atm i >100 >100 >100
| Water Absorption. % wt. change ASTM D 570 <0.01 <0.01_ <0.01
| Moisture Vapor Transmission, g/m?day ~ ~ ASTME 96 -  <0.001 <0.001 <0.001
Dimensional Stability (each direction), % ASTM D 1204, 100 °C,1hr 12 2 L2

+Note 1: Dispersion only applies to near spherical agglomerates. 9 of 10 views shall be Category 1 or 2. No mare than 1 view from Category 3.’

il GSE HD is available in rolls approximately 22.5 ft (6.9 m) and 34.5 ft (10.5 m) wide and weighing about 2,900 Ib (1,215 kg) and 4,400 Ib (1,995 kg)
|| respectively. Other material thicknesses are available upon request. .

I ™" Roll lengths correspond to the 22.5 ft (6.9 m) wide roll goods. , :

| This information is provided for reference purposes only and is not intended as a warranty or guarantes. GSE assumes no liability in connection with
the use of this information. Check with GSE for current, standard minimum quality assurance procedures.

*GSE and other rmarks used in this document are trademarks and service marks of GSE Linir@ Technology, Inc.; certain of which are registered in the United States and other countrdd

§ Americas Europe/Africa Asia/Pacific . T

SE Lining Téchnology, GSE Lining Technology GSE Lining Technology / Represented by \

c. GmbH Company Ltd.

9103 Gundle Road Buxtehuder Strasse 112 RASA Tower 555, 26th Floor
il Houston, TX 77073 D-21037 Hamburg Phaholyothin Road, Ladyao
1U.S.A. . Germany Chatuchak
§ Phone: 281-443-8564 Phone: 49-40767420 Bangkok 10900

800-435-2008 Fax:  49-40-7674233 Thailand
| Fax:  281.230-8650 Phone: 66-2-937-0091
Fax:  66-2-937-0097

For environmental lining solutions...the world comes to | /
' - GSE”

A Gundle/SLT Environmental, Inc. Company : ’ _ DS 005 RO1/10/01
www.gseworld.com




GSE HD" GSE HD is a high quality, high density polyethylene (HDPE) geomembrane

HDPE Geomembrane Produced from specially formulated, virgin polyethylene resin. This polyethylene
resin is designed specifically for flexible geomembrane applications. GSE HD-

contains approximately 97.5% polyethylene, 2.5% carbon black and trace amounts

of antioxidants and heat stabilizers; no other additives, fillers or extenders are

used. GSE HD has outstanding chemical resistance, mechanical properties,

environmental stress crack resistance, dimensional stability and thermal aging

characteristics. GSE HD has excellent resistance to UV radiation and is suitable

for exposed conditions. :

| TESTED PROPERTY TEST METHOD MINIMUM VALUES

| Thickness, mils (mm) ASTM D 5199 . 27 (0.69) 36 (0.91) 54 (1.4)
| Density, g/em® ASTMD 1505 0.94 0.94 0.94
| Tensile Properties (eachdirection) . - ASTMD 638, Type IV
Strength at Break, Ib/in-width (Nimm) Dumbell, 2 ipm 122 (21) 162 (28) 243 (43)
Strength at Yield, Ib/in-width (Nimm) , 63 (11) 84(15) 130(29)
Elongation at Break, % G.L. 2.0in (51 mm) 700 700 700
Elongation at Yield, % G.L 1.3in (33 mm) 13 13 13
Tear Resistance, b (N) ASTM D 1004 _21(93) 28 (124) 42(187)
Punciure Resistance, Ib (N) ASTM D 4833 59 (263) 79 (352) 119 (530)
Carbon Black Content, % ASTM D 1603 20 20 20
Carbon Black Dispersion ASTM D 5586 +Note 1 +Note 1 +Note 1
Notched Constant Tensile Load, hrs ASTM D 5397, Appendix = 400 400 - 400

REFERENCE PROPERTY TEST METHOD - NOMINAL VALUES
Thickness, mils (mm) ASTM D 5189 30 (0.75) 40 (1.0) 50 (1.5)
Roll Length™ (approximate), f (m) 952(290) 650 (198) 420 (128)
Low Temperature Brittleness, °F (°C) ASTM D 746, Cond. B <107 (<77)  <107(<-77) <107 (<-77)
[l Oxidative Induction Time, minutes ASTM D 3895, 200 °C; Oy, 1atm- >100 >100 >100
Water Absorption, % wt. change ASTM D 570 ) <0.01 <0.01 <0.01
F{ Moisture Vapor Transmission, g/mzday ASTME 96 <0.001 <0.001 <0.001
Dimensional Stability (each direction), % ASTMD 1204, 100°C, 1hr - 2 2 £2 7

+Note 1: Dispersion only applies to near spherical égglomerates.‘ 9 of 10 views shall be Category 1 or 2. No more than 1 view from Category 3.

it GSE HD is available in rolls approximately 22.5 ft (6.9 m) and 34.5 ft (10.5 m) wide and weighing abdut 2,900 b (1@15 kg) and 4,400 Ib (1,995 kg)
respectively. Other material thicknesses are available upon request. : '

" Roll lengths correspond fo the 22.5 ft (6.9 m) wide roll goods.

|| This information is provided for reference purposes only and is not intended as a warranty or guarantee. GSE assumes no liability in connection with
8 the use of this information. Check with GSE for current, standard minimum quality assurance procedures.

GSE and other marks used in this document are trademarks and service marks of GSE Lining Technology, Inc.; certain of which are registered in the United States and other countrll

mericas EurcpelAfrica Asia/Pacific ‘ T
SE Lining Technology, GSE Lining Technology GSE Lining Technology / Represented by \
i Inc. GmbH Company Ltd. ~ : o :
& 19103 Gundle Road Buxtehuder Strasse 112 RASA Tower 555, 26th Floor '
B Houston, TX 77073 D-21037 Hamburg Phaholyothin Road, Ladyao
£ US.A Germany Chatuchak
# Phone: 281-443-8564 Phone: 49-40767420 Bangkok 10900
! 800-435-2008 Fax:  49-40-7674233 Thailand
| Fax:  281-230-8650 Phone: 66-2-937-0091
) Fax:  66-2-937-0097

For environmental lining solutions...the world comes to - /
GSE.”

A Gundle/SLT Environmental, Inc. Company : DS 005 RO1/10/01
www.gseworld.com ' '
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‘ 5100 a.501 0.15¢ 1.00 1,50 2.00 150
Thicknas®, ASTM D351 m (20} oy (40} (60) (80} {100)

. Minimum Average ——

' N/A 47 %417 | a7 %305 |67 238 |67 m 158 67122 6T x 98
standard Roll s (225 16000 | (22 % 10001 | (27801 | 22 8201 | P2x40) | 2R 32
Bimenslonx®? . -
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Effectivel
protects delicate
waterproofing
systems on
vertical and
horizontal
surfaces.

SEALTIGHT

PEOTECT:ON CDJRSE

areducts are tough,
Jurable, lightweight
pangls specifically
dasignad t3 protect
deicats watzeprgohing
matesials from damage
by normal consruction
wafflc, movement cf
acliacent substrate and

 backfilliy

Tachnlcal Description
SEALTIGHT PRQTECTION COURSE 15 &
muki-ply semi-rigid core composed of
a mingral-fortiflag asphattic core
formad betvieen two outside layers of
asphalt-impregnated fiberglass mat,
manufacturad In accordance with
ASTM D 6506.
when properly applied by wark
persannel trained In good waterproofing
techniques, SEALTIGHT PROTECTION
C.OURSE will absorb the Impact of
gggregate shock and rormal jobsite
foot taffic. it also protacts the
remerane watermptaofing fram
nairation by sharp aggregate dudng
g:ckﬁl‘lng and later setuement
SEALTIGHY PROTECTION COURSE is
svallable in (hrec types; PC-1, Light
buty; PC-2, s1andatd Dutly and FQ-3,
Heawy Duty, All these Lypes are
rconemical and convanent ta Jie,

2% a1z uniiny Asrmans LoCoR CONST CO

- mechanicAl woms, parking garage
and foundaton walls, SEALTIGHT

Uses
SEALTIGHT PROTECTION COLIRSE is
ukad in batweenssiah construction,
such as plage ducks, reof terraces,
ptomanade decks, pedesTtien
coneourses, tunnels, floors of
bathrooms, shower, kitchens ano

ducks, planter bexes, reflective pools

PROTECTION COURSE (& compathle
with mest cuerenlly pGoular
damppreofing anJ waterproofing
matedals.
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Packaging
£ K8 (1,22m X & & panak

Precautions
1, Ao PAOTECTION CULRSE « adhared to
watigimntng merbans, use the adhesive
recoirtended iy (N6 MeMBLIC manufatuter.
2. Whers teye” (clt'te ara fusded with laps et In
but eaphott, consut Litmbeyr & manufaiidrer
3 PROTECIDN LI 5 shipped on pallets with
Ine polycuyibne anti-3tkk snoat sy the tep of
exposad sida, PROTECHON COURNE srauld bE
S10reC on e pellem ¥ng pIsced na s el surfece
4, CAUTION,. Do not spply Ue Proteclion Courue
guar ol Waterpierafing: Marmbriies Containing
wotatile silventy unti 8l o1 the selyeaf has
evaporatec. Corsult mamarana manufsciurer for
sl (e Japlication detals prior (a placing e
Protiaction Course. Tead and rilnw application
itrferimetian 46¢ precaulions, Rotet ks Matenal Safely
Dats Shext fab cmpimar Muaith end Sa’sty
1ntormation

LIAITED WARRANTY.,

W. % Mazgawa, 10 aargom Ll ot
e U arsd pAuce we ke shivtient,
our ehrelads veul b of GEpd Culily
g el coulaite with our peblished
specheriyng (e wa Ui dale ot
Fctept vk of g arder Reerd Compdete
Viprnty Oy Furhishe Vpor riquan.
DHCLAIMER,., Ths e aicn
ginidivad AN b iociLged fer
Hlutaive pUEyERET widy G0d; ¢ tite
bast yb OLr Kivoerked(pa, & acutale o ot
teliably. W R Miagan, g wpanol
Fowrever undige any driumstancy make
a0y Quarsmiee of rRMURS ¢ st kby
okt ar Rabuirty (r: conrwdtion Wit
that b4 of thix Infeematior, Ay

W, B, Mcadowd, Ine ha nu Locin]
vt s U wiiet GRIAG INpY DuL
5 proksb, 1§ 11 chcommunded that the
predasts be tested e deuerming B
poitable 46t @ yperh applicition anddol
qur entarnticn b valke . a paeticulsd
Guaumanais, Augponidily mreaku
willi 1ha ambatesd O EngiCEL
ot/ gne Sense 1o the desgn,
Spoteruor 9nd praper natrliatlon 0!
€th proguet. Speciiee ancl et shall
drartiioe witslity of prouults fof
DeCle sppiCalion 37 ety al
IO RIS 0 conneTin therswith.

© W& lggmed N W LYRAW PAncd m T A A

K

Featuyres and Benafits

o Touph, dutsble aod
lightwaipht, pansdr are caslly
hangled, quickly itzaallod

o Full widih fberglast atting
irnptuves Hexurol strecgth

= Highly musziri 2o chemical nuidon .

v paformarc 15 oopally effeclive i
above o Delow-grade Installatiant

v unlwue duakfacag affars
computibilisy. with mest elrtently
populyr watwproofing mater.als

« Eooporicel aind Ldnvenient to use

AppHeation

NOTE: Prior 1 apglication, cosal
thes wildrpric Hing matiud o iy
18 determine whisthor the
polycthylene fim ‘acing an
ané 3ide, ot tha asphatlts
npregrated floarglias mat o
the other side ( SEAMMGHT
PROTECTION COURSE %
nppraved & “carnpatible” to
he specitic watirprooting
preduct being protacied,

SEALTIGHT PROTECTION COURSE i
iralaved 1o form & continuous
protectiva Inyer over the membrune
walemprocting. The thasts can be
aaxily cut with a roufer'’s kade fo
{iteng at protrusions.

SURFACE CTHOIMON Te

vt erprogfing marmbreng Must ve
fran 0 sharp projections, 4ire and
Gurs. It water wsling is desvad, it
shoule be mace Hlor W placiang tha
PROTECTION COURSE. NOTR:
PROTECTICN COURSE should be

WATERPROOFING PROTE

S22z WITED avrmaLs LoOTR CONST CO

AT W O gt o

CTION

appiled at the wred of cach dey's
waterproafing (@ both heriantal
and verrical surfaces.

HORIZONYAL SURIALES:
PKOTECTION COURSE shoutd be

- inswlled over the wateprooiing

mamistarik AS S00n @3 permissie by
the membrana agplicatar or
<anufactures. FROTECTION COURSE
& eatc should e butred tegelar
and cuk 1o it all intortecting surface)
and protrusiont, If casired, joimx
ray o4 couered with SEALTIGHT
Lok > ar okary glas;
feinforced tape erbadded in hot
asphaly as 2 sceondary watemroefing
systam. {seq point 2 under
FraAUtony).

VEKTICAL SURFACES: For
dampptuoled and/or watetBrooted
vatugR Wallk 1o receive Bark(ll, the
FROTECTION COURSE should be buth
jointed and, i nacessdry, tampocarily
Iveld it: place watile backtikrg,

BAZKRILING: Backfiling zpainst
vertical walls zhould he dene
inmediately using care snd caution

o avoid ddmaging the
waltrpradfing upplauon Backfil

matétial should not bo crapped
aoainst the PROTECTION COURSE n
wuch & mUnnet hat k coula drag the
sharet, v 25 the back [l drops. For
hodzonia ipplivations, (he
wateeproofing and PROTECTION
CCARSE shoukd be instald fust prios
o the instdlalion QF the wearing
surfece.

ASTM D 6506
- protection Beard Requlrements

E: Trmal ez L vy |
Punctyre 1trength 222N (30 1% J1Z N(70 18) 163 N {52 1bh)
(Chsseg 2 A8) | minknum misimum rolnimum

Thickseas Y10 T Amm LA e #.9mir K&t 7. 9mm

|(Clossws A & 8 03500 0000n) | OOK 201350) | 0.220100280n)

Wate! ABformton 0% manmum | 10.0% maxdmum [ {0.0% imention
ases A 4 B} N

Wl A) £5% minimum

G3Ye duininum - B3 % minkmum .
: +

W’W weight
Chs B Y 40% minimum

40% minimym | . 40% minimwem

RiemWrbmece 10 D¥eoy | Meed puncturl

Mot pUnciure | HEES pUnkiure

ANALL WMILroris v drcan o
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2655 14 J9rd Hlreet

L S M AT
R PVIAM00L
LAAL Wk Troad .t

(hacres A& B reqiirements oftey | requirermanls ofter| mequiremenys after
i carpition uf ]| completion of Te| compketion of 251__'
Covarage: .

Tree THICKNESE® WIBTH  LINGTH
#C-1 Lot Duty 82,5 Mak-1/16% (1.59mem)  4'1.22m) B (2,44rm)
RC-Z Stardard DUly 125 mil~1/8% (3.18mom) 4T (1.22m) &' (2.4dm)
PC-3 Kaavy Gty 250 k-4 (6,35mm) &' (1.22m) &' (2.34m)
*NOMINAL
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Application Tools

| SR
Roofet's knife

Ta assistyou in the speritication of
this product, Guide Spedfications
are availabie through you- [oesi
SEALTIGHT Distributor, of monteel
your nedrest W K. Meadows,
Branth office,

pHane: 1-800-342.587¢

FQR THE MOST CURRENT
PRODUCT INFORMATION, VISIT -
OUR WEBSITE:

www wrmeadows.carn
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