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NOTE: This gui de specification covers the
requi renents for geonenbrane barrier for waste
cont ai nnent applications.

Edit this guide specification for project specific
requi renents by addi ng, deleting, or revising text.
For bracketed itens, choose applicable itens(s) or
insert appropriate information

Renmove information and requirenents not required in
respective project, whether or not brackets are
present.

Comment s and suggestions on this guide specification
are wel come and should be directed to the technica
proponent of the specification. A listing of
techni cal proponents, including their organization
designation and tel ephone nunber, is on the Internet.

Recommended changes to a UFGS should be subnmitted as
a Citeria Change Request (CCR)
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PART 1 GENERAL
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NOTE: Typical materials used in waste containment
applications include linear |ow density polyethyl ene
(LLDPE), high density polyethyl ene (HDPE), polyvinyl
chloride (PVC), or polypropylene (PP). These
materials are produced with both smooth and textured
surfaces. The need for a textured versus a non
textured material will be based on cover stability
anal yses. The drawi ngs nust clearly indicate the
limts of placenent for textured and non textured

geonenbr anes.
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1 MEASUREMENT AND PAYMENT
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NOTE: Delete this paragraph when | unp sum bi ddi ng
i s used.
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Measur ement shall be nmade of the total surface area in square neters feet
covered by geonenbrane. Final quantities will be based on as-built
conditions. Allowance will be nmade for geonenbrane in anchor and drai nage
trenches; however, no allowance will be nade for waste, overlap, repairs,
or materials used for the conveni ence of the Contractor. Geonenbrane
installed and accepted by the Contracting Officer will be paid for at the
respective contract unit price in the bidding schedul e.

2 REFERENCES
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NOTE: This paragraph is used to list the
publications cited in the text of the guide
specification. The publications are referred to in
the text by basic designation only and listed in
this paragraph by organi zation, designation, date,
and title.

Use the Reference Wzard' s Check Reference feature
when you add a RI D outside of the Section's
Reference Article to autonmatically place the
reference in the Reference Article. Al so use the
Ref erence Wzard's Check Reference feature to update
the i ssue dates.

Ref erences not used in the text will automatically
be deleted fromthis section of the project

speci ficati on when you choose to reconcile
references in the publish print process.
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The publications listed below forma part of this specification to the
extent referenced. The publications are referred to within the text by the
basi ¢ designation only.

ASTM | NTERNATI ONAL (ASTM

ASTM D 1004 (2009) Initial Tear Resistance of Plastic
Fil m and Sheeting

ASTM D 1203 (1994; R 2003) Volatile Loss fromPlastics
Usi ng Activated Carbon Methods

ASTM D 1204 (2008) Linear Dinmensional Changes of
Nonri gi d Thernopl astic Sheeting or Film at
El evat ed Tenperature

ASTM D 1505 (2003) Density of Plastics by the
Densi ty- Gradi ent Techni que

ASTM D 1593 (1999) Standard Specification for
Non-rigid Vinyl Chloride Plastic Film and
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ASTM

ASTM

ASTM

ASTM

ASTM

ASTM

ASTM

ASTM

ASTM

ASTM

ASTM

ASTM

ASTM

ASTM

ASTM

ASTM

ASTM

1603

1790

3895

4218

4833

5199

5321

5397

5596

5721

5885

5994

638

6392

6497

751

792

Sheeti ng

(2006) Carbon Black Content in Aefin
Pl astics

(2008) Brittleness Tenperature of Plastic
Sheeti ng by | npact

(2007) Oxidative-Induction Time of
Pol yol efins by Differential Scanning
Calorinetry

(1996; R 2008) Determination of Carbon
Bl ack Content in Polyethylene Conpounds by
the Muf fl e- Furnace Techni que

(2007) Index Puncture Resistance of
Ceotextil es, Geonenbranes, and Rel at ed
Pr oduct s

(2001; R 2006) Measuring Nom nal Thickness
of CGeosynthetics

(2008) Determ ning the Coefficient of Soil
and Geosynthetic or Geosynthetic and
CGeosynthetic Friction by the Direct Shear
Met hod

(2007) Eval uation of Stress Crack
Resi st ance of Pol yol efi n Geonenbr anes
Usi ng Not ched Constant Tensile Load Test

(2003; R 2009) M croscopic Eval uation of
the Dispersion of Carbon Black in
Pol yol efi n Geosynt hetics

(2008) Air-Oven Aging of Polyolefin
Geonenbr anes

(2006) Oxidative Induction Tinme of
Pol yol efi n Geosynthetics by Hi gh-Pressure
Differential Scanning Calorinetry

(1998; R 2003) Measuring Core Thickness of
Textured Geonenbrane

(2008) Standard Test Method for Tensile
Properties of Plastics

(2008) Determining the Integrity of
Nonr ei nf orced CGeonenbrane Seans Produced
Usi ng Ther nb- Fusi on Met hods

(2002) Mechani cal Attachment of
Ceonenbrane to Penetrations or Structures

(2006) Coated Fabrics

(2008) Density and Specific Gavity
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(Relative Density) of Plastics by
Di spl acenent

ASTM D 814 (1995; R 2005) Rubber Property - Vapor
Transm ssion of Volatile Liquids

ASTM D 882 (2009) Tensile Properties of Thin Plastic
Sheet i ng

GEOSYNTHETI C | NSTI TUTE (GSl)

GSI &R Gvil (1997) Accel erated Wat hering of
Ceonrenbranes Using a Fluorescent UVA Device

GSI R GvL2 (1998) Asperity Measurenent of Textured
Geonenbr anes Using a Depth Gauge

Gl &R Gw (1995) Accel erated Curing of Geonenbrane
Test Strip Seans Made by Chenical Fusion
Met hods

GSI GRI GwW (1995) Cold Weat her Seam ng of Geonenbranes

1.3 SUBM TTAL REQUI REMENTS

Submit manufacturer's, and fabricator's qualification statenents, including
resumes of key personnel involved in the project, a mnimmof [7] | ]
days prior to geonenbrane shipnent. Also submt installer's, QCinspector's,
and QC laboratory's qualification statenments including resunes of key
personnel involved in the project a mnimumof [7] | ] days prior to
geonenbr ane placenent. The submittal fromthe QC | aboratory shall include
verification that the | aboratory is accredited via the Geosynthetic
Accreditation Institute's Laboratory Accreditation Program (GAl - LAP) for the
tests the QC laboratory will be required to perform The follow ng shal

al so be subnitted

a. Final as-built drawi ngs of the geonenbrane installation shall be
prepared. These draw ngs shall include panel nunbers, seam nunbers,
| ocation of repairs, destructive seam sanples, and penetrations.
Furni sh geonenbrane panel |ayout and penetration detail draw ngs, a
m ni mum of [7] | ] days prior to geonmenbrane placenent.

b. Manufacturer's and fabricator's QC nanuals, a minimmof [7]
[ ] days prior to geonenbrane shipnent. Installer's QC manual, a
m ni mum of [7] | ] days prior to geonmenbrane placenent.

c. Geonenbrane QA and QC sanpl es.

d. Mnufacturer's certified raw and sheet material test reports and a
copy of the QC certificates, a mininmumof [7] [ ] days prior to
shi prent of geomenbrane to the site.

e. Certification fromthe QC inspector and installer of the
acceptability of the surface on which the geonenbrane is to be placed,
i medi ately prior to geonenbrane placenent.

f. QC inspector certified test results on all field seans. Installer

and certified QC | aboratory test results on all destructively tested
field seans. QC inspector certified test results on all repaired
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seans. Certified QC test results.

g. Certified |laboratory interface friction test results including
description of equi pnent and test nethod, a mninmumof [7] [ ] days
prior to geonenbrane shipment.

1.4 SUBM TTALS
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NOTE: Review submttal description (SD) definitions
in Section 01 33 00 SUBM TTAL PROCEDURES and edit
the following list to reflect only the subnmttals
required for the project. Submittals should be kept
to the mninmumrequired for adequate quality control.

A“G following a subnmittal itemindicates that the
submittal requires Governnent approval. Sone
submittals are already marked with a “G'. Only
delete an existing “G' if the subnittal itemis not
conpl ex and can be reviewed through the Contractor’s
Quality Control system Only add a “G if the
submittal is sufficiently inportant or conplex in
context of the project.

For submittals requiring Government approval on Arny
projects, a code of up to three characters within
the submittal tags nmay be used following the "G
designation to indicate the approving authority.
Codes for Arny projects using the Resident
Managenment System (RMB) are: "AE" for
Architect-Engineer; "DO' for District Ofice

(Engi neering Division or other organization in the
District OOfice); "AO for Area Ofice; "RO for
Resident O fice; and "PO' for Project Ofice. Codes
following the "G' typically are not used for Navy,
Air Force, and NASA projects.

Choose the first bracketed itemfor Navy, Air Force
and NASA projects, or choose the second bracketed
itemfor Arny projects.

EE R R R S I R R R O I R R R R R S R R I R R R S R R S R R

CGovernment approval is required for submittals with a "G' designation;
submittals not having a "G' designation are for [Contractor Quality Control
approval .] [information only. Wen used, a designation following the "G
designation identifies the office that will review the submttal for the
CGovernment.] The following shall be submitted in accordance with Section
01 33 00 SUBM TTAL PROCEDURES:

SD- 02 Shop Drawi ngs

Penetrations[; C[; G |
As-Built Drawings[; C[; G [_____ 11

SD- 03 Product Data
Tests, Inspections, and Verifications[; C[; G [

Field Seaming[; C[; G [____ 1]
Qualifications[; QI[; G [_____ 11
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SD- 04 Sanpl es
Sanpl es
SD- 06 Test Reports

Materials[; Cl[; G |
Surface Preparation[; C[; G [

Non- Destructive Field Seam Continuity Testing[; CG[; G [_____ 11
Destructive Field Seam Testing[; C[; G [____ 11

Destructive Seam Test Repairs[; C[; G [___ 11

Interface Friction Testing[; CG[; G [____ 11

Tests[; C[; G [_____ 11

SD-07 Certificates

Sanpl es

Materials[; Cl[; G [___

Surface Preparation[; CI[; G [___ 11
Destructive Field Seam Testing[; Cl[; G [___ 11
Destructive Seam Test Repairs[; CG[; G [___ 11
Interface Friction Testing[; C[; G [___ 11

Tests[; C[; G [_____ 11
1.5 QUALI FI CATI ONS
1.5.1 Manuf act ur er
Manuf acturer shall have produced the proposed geonenbrane sheets for at
| east 5 conpleted projects having a total mininumarea of [930,000] [__ ]
square nmeters [10] [__ ] mllion square feet.
1.5.2 Fabri cat or
The fabricator is responsible for seam ng geonenbrane sheets into panels.
Fabricator shall have fabricated the proposed geonenbrane panels for at

|l east 5 conpleted projects having a total mninumarea of [186,000] [
square neters [2] [__ ] mllion square feet.

1.5.3 Install er

The installer is responsible for field handling, deploying, seamn ng,
anchoring, and field Quality Control (QC) testing of the geomenbrane. The
installer shall have installed the proposed geonmenbrane material for at

| east 5 conpleted projects having a total mninmumarea of [186,000] [_
square meters [2] [__ ] mllion square feet. At |east one seanmer shall
have experience seami ng a m nimumof [46,500] [_ ] square neters
[500,000] [__ ] square feet of the proposed geonmenbrane using the sanme
type of seanmi ng equi pnent and geonenbrane thickness specified for this
proj ect .

1.5.4 QC I nspect or

EZE IR R R S R R R I I O R R R Ok S R R R R I R I R I O R I O

NOTE: A separate third party quality assurance (QA)
contract should be considered based on the
qualifications of the Governnent QA personnel, the
size and inportance of the project, and inpacts of a
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geonenbrane fail ure.
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The QC inspector is the person or corporation hired by the Contractor, who
is responsible for nmonitoring and docunenting activities related to the QC
of the geonenbrane from manufacturing through installation. The QC

i nspector shall have provided QC inspection during installation of the
proposed geonenbrane material for at least 5 conpleted projects having a
total mnimum area of [186,000] [ ] square nmeters [2] [__ ] mllion
square feet.

.5.5 QC Laboratory

The QC | aboratory shall have provided QC and/or Quality Assurance (QA)
testing of the proposed geonenbrane and geomenbrane seans for at |least five
conpl eted projects having a total mninmmarea of [186,000] [__ ] square
neters [2] [__ ] mllion square feet. The QC |aboratory shall be
accredited via the Geosynthetic Accreditation Institute's Laboratory
Accreditation Program (GAl -LAP) for the tests the QC | aboratory will be
required to perform

.6 DELI VERY, STORAGE AND HANDLI NG
.6.1 Del i very

The QC i nspector shall be present during delivery and unl oadi ng of the
geonenbrane. Each geonenbrane roll/panel shall be |abeled with the

manuf acturer's name, product identification nunber, roll/panel nunber, and
rol | di mensions.

.6.2 St or age

Tenmporary storage at the project site shall be on a level surface, free of
sharp objects where water cannot accunul ate. The geonenbrane shall be
protected from puncture, abrasion, excessive heat or cold, naterial
degradation, or other damaging circunstances. Storage shall not result in
crushing the core of roll goods or flattening of the rolls. Rolls shal

not be stored nore than two high. Palleted nmaterials shall be stored on

| evel surfaces and shall not be stacked on top of one another. U traviolet
sensitive materials (i.e., PVCQ shall be covered with a sacrificial opaque
and wat er proof covering or placed in a tenporary shelter. Danaged
geonenbrane shall be renoved fromthe site and replaced w th geonenbrane
that neets the specified requirenents.

.6.3 Handl i ng

Rol | s/ panel s shall not be dragged, lifted by one end, or dropped. A pipe
or solid bar, of sufficient strength to support the full weight of a rol

wi t hout significant bending, shall be used for all handling activities.

The di ameter of the pipe or solid bar shall be small enough to be easily
inserted through the core of the roll. Chains shall be used to link the
ends of the pipe or bar to the ends of a spreader bar. The spreader bar
shal |l be wi de enough to prevent the chains fromrubbing agai nst the ends of
the roll. Alternatively, a stinger bar protruding fromthe end of a
forklift or other equipnment may be used. The stinger bar shall be at |east
three-fourths the length of the core and al so nmust be capabl e of supporting
the full weight of the roll w thout significant bending. |If recomended by
the manufacturer, a sling handling nmethod utilizing appropriate | oading
straps may be used.
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1.7 AMBI ENT CONDI TI ONS

Geonenbr ane shall not be deployed or field-seaned in the presence of excess
noi sture (i.e., rain, fog, dew), in areas of ponded water, or in the
presence of excess wind. Unless authorized by the Contracting O ficer, no
pl acement or seaming shall be attenpted at anbient tenperatures below 0
degrees C 32 degrees F or above 40 degrees C 104 degrees F. Anbient
tenperature shall be neasured at a height no greater than 150 mm 6 inches
above the ground or geonenbrane surface. |f seaming is allowed below O
degrees C 32 degrees F, the procedures outlined in GSI GRI GW shall be
followed. In marginal conditions, seaning shall cease unless destructive
field seamtests, conducted by the QC | aboratory, confirmthat seam
properties nmeet the requirenments listed in Table [3] [5]. Tests shall be
conducted in accordance with paragraph Destructive Field Seam Testi ng.

PART 2 PRODUCTS
2.1 MATERI ALS
2.1.1 Raw Material s

Resi n used in manufacturing geonenbrane sheets shall be nade of virgin
uncontam nated ingredients. No nore than [10] [ ] percent regrind,
reworked, or trimmaterial in the formof chips or edge strips shall be
used to manufacture the geomenbrane sheets. All regrind, reworked, or trim
materials shall be fromthe same manufacturer and exactly the sane
formul ati on as the geonmenbrane sheet being produced. No post consuner
materials or water-soluble ingredients shall be used to produce the
geonenbrane. For geonmenbranes with plasticizers, only primary plasticizers
that are resistant to migration shall be used. Submit a copy of the test
reports and QC certificates for materials used in the manufacturing of the
geonenbr ane shipped to the site.

2.1.2 Sheet Materials

EZE IR R R S R R R I I O R R R Ok S R R R R I R I R I O R I O

NOTE: USACE practice on landfill cover systens has
been to use a m ni nrum noni nal geonenbrane thi ckness
of 1 M (40 mils). This criterion is based on
survivability. USACE practice for landfill liner
systens has been to use a nini num nom na

geonenbr ane thickness of 1.5 mm (60 mils).
Site-specific anal yses should be conducted to
determ ne the appropriate thickness for both
landfill liners and covers. Reinforced geonenbranes
are generally not recomended where geonenbrane

el ongation properties are critical (i.e., landfil
covers) but nay be suitable for other applications
such as liquid surface inmpoundnents. The property
values listed in Tables 1, 2, and 4 are based on

i ndustry agreed upon Manufacturing Quality Contro
(MX) values for 40 nmil snooth and textured HDPE and
40 m| snooth PVC. These val ues are provided as
exanples only. Refer to GRI Test Method G 13 when
speci fying MX val ues for other thicknesses of HDPE

Tables 1 and 2 can al so be used for LLDPE
geonenbranes. Refer to GSI GRI GVL7 when specifying
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MX property requirements for LLDPE. |f LLDPE
geonenbrane is being specified, onit property
requi renents for stress crack resistance (ASTM D
5397), yield strength (ASTM D 882), and yield

el ongation (ASTM D 882).

I ncl ude property requirenents for multi-axial
tensile strength (ASTM D 5617). Property
requirenents for multi-axial tensile tests sinulate
a void beneath the geonenbrane or differential
settlenent which nay stress the geonenbrane beyond
its nmulti-axial strain limt. Mlti-axial tensile
tests are typically specified for HDPE geonenbranes
only when the geonenbrane is likely to be subjected
to significant nmulti-axial stresses. |If multi-axial
testing will be perforned on an HDPE geonenbrane
tests should be perforned in accordance with ASTM D
5617. A mnimumnulti-axial tensile strain at
rupture of 20 percent is typically specified for
snoot h HDPE geonenbranes. For textured HDPE
geonenbr anes, the specified mnimummnulti-axial
tensile strain at rupture should be 15 percent.

Refer to the PVC CGeonmenbrane Institute's PA 1197
when speci fying M val ues for other thicknesses of
PVC. For other material types, evaluate at |east
three current manufacturer's property sheets for
each acceptable material type before specifying
property test val ues.

EE R R R S I R I R I I R R S R R R R R R S R R I R I R R R R S R R R

Geonenbr ane sheets shall be [unreinforced] [reinforced] and manufactured as
wi de as possible to minimze factory and field seans. GCeonenbrane sheets
shall be uniformin color, thickness, and surface texture. For slopes
greater than or equal to 1Von [__ ] H, sheets shall be textured on [the
upper face] [the |ower face] [both faces]. The textured surface features
shal |l consist of raw materials identical to that of the parent sheet
material and shall be uniformover the entire face of the geomenbrane. The
sheets shall be free of and resistant to fungal or bacterial attack and
free of cuts, abrasions, holes, blisters, contam nants and ot her

i nperfections. GCeonenbrane sheets and factory seans shall conformto the
requirenents listed in Table [1] [2] [3] [4] and [5] for Manufacturing

Quality Control (MX).
TABLE 1. SMOOTH HDPE GEOVEMBRANE PROPERTI ES

PROPERTY TEST VALUE MQC TESTI NG TEST METHCD
FREQUENCY
(MN.)
Thi ckness [1] [ ] nm per roll ASTM D 5199
(mn ave)
Lowest i ndi vi dual -10 percent per roll ASTM D 5199

of 10 val ues

Density (mn) 0.940 g/cc per 90, 000 kg ASTM D 1505
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PROPERTY

Tensile Properties
(1) (mMn ave)

-yield stress
-break stress
-yield el ong
-break el ong

Tear Resi stance

(mn ave)
Puncture

Resi st ance

(mn ave)

Stress Crack

Resi st ance (2)

Car bon

Bl ack Cont ent

Car bon Bl ack
Di spersi on

Oxi dati ve
| nducti on
Time (AT)

(mn ave) (5)

-Std AT
or

-Hgh Pres OT

Oven Aging at 85
deg C (min ave)

(5), (6)
-Std T

or

-Hgh Pres AT

UV Resi st ance
(mn ave) (7)

-Hi gh Pres O T(8)(9)

TABLE 1.

TEST VALUE MQC TESTI NG
FREQUENCY
(MN.)
per 9,000 kg
[15] [ ] kN m
[27] [ ] kKN'm
[12] [ ] percent
[700] [ ] percent
[125] [ ] N per 20,000 kg
[320] [ ] N per 20,000 kg
[200] [ 1 hr per 90, 000 kg
2.0-3.0 per 9,000 kg
per cent
Note (4) per 20,000 kg
per 90, 000 kg
100 mn
400 min
per year and
change in
formul ati on
55 percent
at 90 days
80 percent
at 90 days
per year and
change in
formul ation
50 percent

at 1600 hours
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SMOOTH HDPE GEOVEMBRANE PROPERTI ES

TEST METHOD

ASTM D 638
Type |V

ASTM D 1004

ASTM D 4833

ASTM D 5397
(Appendi x)

ASTM D 1603
(3)

ASTM D 5596

ASTM D 3895

ASTM D 5885

ASTM D 5721

ASTM D 3895

ASTM D 5885

GVL1

ASTM D 5885



PROPERTY

Thi ckness
(mn ave)

Lowest
of 10 val ues

Density (mn)

i ndi vi dual

Tensile Properties

(1) (mMn ave)
-yield stress
-break stress

-yield elong

-break el ong

Tear Resi stance
(mn ave)

Puncture
Resi st ance
(mn ave)

Stress Crack
Resi st ance (2)

Car bon
Bl ack Cont ent

Car bon Bl ack
Di spersion

Oxi dative
| nducti on
Time (AT
(mn ave) (5)
-Std AT
or
-Hgh Pres AT

Oven Aging at 85
deg C (nin ave)
(5), (6)

-Std AT

or
-Hgh Pres OT

TEST METHOD

ASTM D 5199

ASTM D 5199

ASTM D 1505

ASTM D 638
Type IV

ASTM D 1004

ASTM D 4833

ASTM D 5397
(Appendi x)

ASTM D 1603
(3)

ASTM D 5596

ASTM D 3895
ASTM D 5885

ASTM D 5721

ASTM D 3895

TABLE 1. SMOOTH HDPE GEOVEMBRANE PROPERTI ES
TEST VALUE MQC TESTI NG
FREQUENCY
(MN.)
[40] [ ] mls per roll
-10 percent per rol
0.940 g/cc per 200,000 Ib
per 20,000 Ib
[84] [ ] Iblin
[152] | ] Ib/in
[12] [ ] percent
[ 700] [ ] percent
[28] [ ] I'b per 45,000 Ib
[72] [ ] Ib per 45,000 Ib
[200] [ ] hr per 200,000 Ib
2.0-3.0 per 20,000 Ib
per cent
Not e (4) per 45,000 Ib
per 200,000 Ib
100 min
400 mn
per year and
change in
formul ation
55 percent
at 90 days
80 percent
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TABLE 1. SMOOTH HDPE GEOVEMBRANE PROPERTI ES
PROPERTY TEST VALUE MQC TESTI NG TEST METHOD
FREQUENCY
(MN.)
at 90 days
WV Resi stance per year and GSI &R Gvil
(mn ave) (7) change in
formul ation
-Hi gh Pres O T(8)(9) 50 percent ASTM D 5885
at 1600 hours

TABLE 2.
PROPERTY TEST VALUE
Nomi nal Thi ckness [1.0] [ ] mm
Thi ckness -5 percent
(mn ave) of nom na
Lowest i ndi vi dual -10 percent
for 8 out of 10 of nom na
val ues
Lowest i ndi vi dual -15 percent
of 10 val ues of nomi na
Asperity Hei ght 0.25 mm
(mn ave) (10)
Density (mn) 0.940 g/cc
Tensile Properties
(1) (mMn ave)
-yield stress [15] [ ] kN'm
-break stress [11] [ ] kKN 'm
-yield el ong [12] [ ] percent
-break el ong [100] [ ] percent
Tear Resi stance [125] [ ] N
(mn ave)
Punct ure [267] [ ] N
Resi st ance
(mn ave)

SECTI ON 02 56

TEXTURED HDPE GEOVEMBRANE PROPERTI ES

MQC TESTI NG TEST METHOD
FREQUENCY
(MN.)
per roll ASTM D 5994
per roll ASTM D 5994
per roll ASTM D 5994
every second roll GSI GR GVL2 (11)
per 90, 000 kg ASTM D 1505
per 9,000 kg ASTM D 638
Type |V
per 20,000 kg ASTM D 1004
per 20,000 kg ASTM D 4833
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TABLE 2. TEXTURED HDPE GEOVEMBRANE PROPERTI ES

PROPERTY TEST VALUE MQC TESTI NG TEST METHOD
FREQUENCY
(MN.)

Stress Crack [200] [ 1 hr per 90, 000 kg ASTM D 5397
Resi st ance (2) (Appendi x)
Car bon 2.0-3.0 per 9,000 kg ASTM D 1603

Bl ack Cont ent per cent (3)
Car bon Bl ack Not e (4) per 20,000 kg ASTM D 5596
Di spersion
Oxi dati ve per 90, 000 kg
I nducti on
Time (AT)
(mn ave) (5)
-Std AT 100 mn ASTM D 3895
or
-High Pres OT 400 min ASTM D 5885
Oven Aging at 85 per year and ASTM D 5721
deg C (nmin ave) change in
(5), (6) formul ation
-Std AT 55 percent ASTM D 3895
at 90 days
or
-Hgh Pres AT 80 percent ASTM D 5885
at 90 days
UV Resi st ance per year and GSl GRI GVl
(mn ave) (7) change in

formul ati on

-Hi gh Pres O T(8)(9) 50 percent ASTM D 5885
at 1600 hours

MX = Manufacturing Quality Control

Note (1): M ninum average machi ne direction and m ni mum average cro0ss
machi ne direction values shall be based on 5 test specinens in each
direction. For HDPE geonenbrane, yield elongation is calculated using a
gauge length of 33 mr 1.3 inches. For HDPE geonenbrane, break elongation is
cal cul ated using a gauge length of 50 nr 2.0 inches. For LLDPE geonenbrane,
break el ongation is cal culated using a gage |ength of 50 nr 2.0 inches at 50
mmmin 2 inches/mn

Note (2): For HDPE geonenbrane, the yield stress used to calculate the
applied load for test nethod ASTM D 5397 (Appendi x), shall be the

manuf acturer's nean value. ASTM D 5397 does not need to be run on LLDPE
geonenbr ane.

Note (3): O her nmethods such as ASTM D 4218 or microwave mnethods are
acceptable if an appropriate correlation to ASTM D 1603 can be establi shed.
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TABLE 2. TEXTURED HDPE GEOVEMBRANE PROPERTI ES

PROPERTY TEST VALUE MQC TESTI NG TEST METHOD
FREQUENCY
(MN.)

Note (4): Carbon bl ack dispersion for 10 different views:
- mnimm8 of 10 in Categories 1 or 2
- all 10 in Categories 1,2, or 3

Note (5): The nmanufacturer has the option to select either one of the AT
net hods to eval uate the antioxi dant content.

Note (6): Evaluate sanples at 30 and 60 days and conpare with the 90 day
response.

Note (7): The condition of the test shall be a 20 hour WV cycle at 75
degrees C 167 degrees F followed by a 4 hour condensation cycle at 60 degrees
C 140 degrees F.

Note (8): The standard O T test (ASTM D3895) shall not be used in
determ ni ng WV resistance.

Note (9): UV resistance is based on percent retained val ue regardl ess of the
original HP-O T val ue.

Note (10): Textured Geonenbrane Only: O 10 readings; 8 out of 10 nust be
7 ml, and | owest individual reading nust be 5 ml.

Note (11): Textured Geonmenbrane Only: Alternate the neasurenent side for
doubl e sided textured sheet.

TABLE 2. TEXTURED HDPE GEOVEMBRANE PROPERTI ES

PROPERTY TEST VALUE MQC TESTI NG TEST METHCD
FREQUENCY
(MN.)

Nom nal Thickness [40] [ ] mls

Thi ckness -5 percent per roll ASTM D 5994
(mn ave) of nom nal

Lowest i ndi vi dual -10 percent per roll ASTM D 5994
for 8 out of 10 of nom na
val ues

Lowest i ndi vi dual -15 percent per roll ASTM D 5994
of 10 val ues of nom nal

Asperity Hei ght 10 mls every second roll GsSI GRI GVL2 (11)
(mn ave) (10)

Density (mn) 0.940 g/cc per 200,000 Ib ASTM D 1505

Tensil e Properties per 20,000 Ib ASTM D 638
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TABLE 2. TEXTURED HDPE GEOVEMBRANE PROPERTI ES

PROPERTY TEST VALUE MQC TESTI NG TEST METHOD
FREQUENCY
(MN.)
(1) (mMn ave) Type |V
-yield stress [84] [ ] I'b/in
-break stress [60] [ ] I'b/in
-yield el ong [12] [ ] percent
-break el ong [100] [ ] percent
Tear Resi stance [28] [ ] Ib per 45,000 Ib ASTM D 1004
(mn ave)
Punct ure [60] [ ] Ib per 45,000 Ib ASTM D 4833
Resi st ance
(mn ave)
Stress Crack [200] [ 1 hr per 200,000 Ib ASTM D 5397
Resi st ance (2) (Appendi x)
Car bon 2.0-3.0 per 20,000 Ib ASTM D 1603 (3)
Bl ack Cont ent per cent
Car bon Bl ack Not e (4) per 45,000 Ib ASTM D 5596
Di spersi on
Oxi dati ve per 200,000 Ib
I nduct i on
Time (AT)
(mn ave) (5)
-Std AT 100 mn ASTM D 3895
or
-High Pres OT 400 mn ASTM D 5885
Oven Aging at 85 per year and ASTM D 5721
deg C (nin ave) change in
(5), (6) formul ati on
-Std AT 55 percent ASTM D 3895
at 90 days
or
-High Pres QT 80 percent ASTM D 5885
at 90 days
WV Resi stance per year and GSI &R Gvil
(mn ave) (7) change in

formul ati on

-Hi gh Pres O T(8)(9) 50 percent ASTM D 5885
at 1600 hours

MX = Manufacturing Quality Control
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TABLE 2. TEXTURED HDPE GEOVEMBRANE PROPERTI ES

PROPERTY TEST VALUE MQC TESTI NG TEST METHOD
FREQUENCY
(MN.)

Note (1): M ninum average machi ne direction and m ni mum average cross
machi ne direction val ues shall be based on 5 test specinens in each
direction. For HDPE geonenbrane, yield elongation is calculated using a
gauge length of 33 mr 1.3 inches. For HDPE geonenbrane, break elongation is
cal cul ated using a gauge length of 50 nr 2.0 inches. For LLDPE geonenbrane,
break el ongation is cal culated using a gage |length of 50 nr 2.0 inches at 50
mmmin 2 inches/mn

Note (2): For HDPE geonenbrane, the yield stress used to calculate the
applied load for test nethod ASTM D 5397 (Appendi x), shall be the

manuf acturer's nean value. ASTM D 5397 does not need to be run on LLDPE
geonenbr ane.

Note (3): Oher nmethods such as ASTM D 4218 or mcrowave nethods are
acceptable if an appropriate correlation to ASTM D 1603 can be established.

Note (4): Carbon bl ack dispersion for 10 different views:
- minimm8 of 10 in Categories 1 or 2
- all 10 in Categories 1,2, or 3

Note (5): The manufacturer has the option to select either one of the AT
net hods to eval uate the anti oxi dant content.

Note (6): Evaluate sanples at 30 and 60 days and conpare with the 90 day
response

Note (7): The condition of the test shall be a 20 hour WV cycle at 75
degrees C 167 degrees F followed by a 4 hour condensation cycle at 60 degrees
C 140 degrees F.

Note (8): The standard O T test (ASTM D3895) shall not be used in
determ ni ng UV resi stance.

Note (9): WV resistance is based on percent retained value regardl ess of the
original HP-O T val ue.

Note (10): Textured Geomenbrane Only: O 10 readings; 8 out of 10 nust be
7 ml, and | owest individual reading nust be 5 ml.

Note (11): Textured Geonenbrane Only: Alternate the neasurenent side for
doubl e sided textured sheet.

TABLE 3. HDPE SEAM PROPERTI ES

PROPERTY TEST VALUE TEST METHOD
Seam Shear [14.0] | ] KNm ASTM D 6392
Strength
(min) (1)
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TABLE 3. HDPE SEAM PROPERTI ES

PROPERTY TEST VALUE TEST METHOD
Seam Peel [8.4] [ ] kN'm ASTM D 6392
Strength
(mn) (1) (2)
Note (1): Seamtests for peel and shear nust fail in the Film Tear Bond

node. This is a failure in the ductile node of one of the bonded sheets by
tearing or breaking prior to conplete separation of the bonded area.

Note (2): \Were applicable, both tracks of a double hot wedge seam shall be
tested for peel adhesion.

TABLE 3. HDPE SEAM PROPERTI ES

PROPERTY TEST VALUE TEST METHOD

Seam Shear [80] [ ] I'b/in ASTM D 6392
Strengt h

(mn) (1)

Seam Peel [48] [ ] I'b/in ASTM D 6392
Strength

(mn) (1) (2)

Note (1): Seamtests for peel and shear nust fail in the Film Tear Bond

node. This is a failure in the ductile node of one of the bonded sheets by
tearing or breaking prior to conplete separation of the bonded area.

Note (2): Were applicable, both tracks of a double hot wedge seam shall be
tested for peel adhesion.

TABLE 4. SMOOTH PVC GEOVEMBRANE PROPERTI ES

PROPERTY TEST VALUE TEST METHOD
Thi ckness [1] | ] mm ASTM D 1593
(nom nal)
Thi ckness [0.95] | ] mm ASTM D 1593
(min)
Specific 1.2 g/m ASTM D 792
Gravity (mn)
Tensile Properties ASTM D 882
(min) Met hod A
-break strength [17.0] [ ] kN'm
(MD and TD)
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TABLE 4.

SMOOTH PVC GEOVEMBRANE PROPERTI ES

PROPERTY TEST VALUE TEST METHOD
-elongation @ [400] [ ] percent
break (MD and
TD)
-nmodul us @ 100 [7.2] | ] kN'm
percent (MD and
TD)
Tear Resi stance [46.7] | ] kN'm ASTM D 1004
(mn) Die C
Low Tenp, -29 degrees C ASTM D 1790
pass
Di nensi onal [3] [ ] percent ASTM D 1204
Stability (max)
(MD and TD)
Wat er [0.2] [ ] percent See Note 1
Extracti on (nmax) | oss
Vol atile Loss [0.5] [ ] percent ASTM D 1203
( max) | oss (A
Resi stance to See Note 1
Soi | Buri al
- breaki ng factor +/- 5 percent
-elongation @ +/ - 20 percent
br eak
-100 percent +/ - 20 percent
nodul us
Wat er Vapor . 00000000005 nl sec ASTM D 814
Transm ssion (nax)
Hydrostatic [827] [ ] kNsg m ASTM D 751
Resi st ance (A
(min)
* MD = Machine Direction
* TD = Transverse Direction

NOTE 1: \Water Extraction and Resistance to Soil Burial testing shall
perfornmed in accordance with manufacturer's approved procedures.

TABLE 4. SMOOTH PVC GEOVEMBRANE PROPERTI ES
PROPERTY TEST VALUE TEST METHOD
Thi ckness [40] [ ] mls ASTM D 1593
(nomi nal )
Thi ckness [38] [ ] mls ASTM D 1593
(nin)
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TABLE 4.

SMOOTH PVC GEOVEMBRANE PROPERTI ES

PROPERTY TEST VALUE TEST METHOD
Specific 1.2 g/nm ASTM D 792
Gavity (mn)
Tensile Properties ASTM D 882
(mn) Met hod A
-break strength [97] [ ] I'b/in
(MD and TD)
-elongation @ [400] [ ] percent
break (MD and
TD)
-nmodul us @ 100 [41] [ ] I'blin
percent (MD and
TD)
Tear Resistance [10.5] | ] I'b/in ASTM D 1004
(mn) De C
Low Tenp, -20 degrees F ASTM D 1790
pass
Di mensi onal 3 percent ASTM D 1204
Stability (max)
(MD and TD)
Wat er [0.2] [ ] percent See Note 1
Extracti on (max) | oss
Vol atil e Loss [0.5] [ ] percent ASTM D 1203
(max) | oss (A
Resi stance to See Note 1
Soi | Buri al
- breaki ng factor +/- 5 percent
-elongation @ +/ - 20 percent
br eak
-100 percent +/ - 20 percent
nmodul us
Wat er Vapor . 00000000005 m sec ASTM D 814
Transm ssion (nax)
Hydrostatic [120] [ ] Ib/sqgin ASTM D 751
Resi st ance (A
(min)
* MD = Machine Direction
* TD = Transverse Direction

NOTE 1: Water Extraction and Resistance to Soil Burial testing shall be
performed in accordance with manufacturer's approved procedures.
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TABLE 5. PVC SEAM PROPERTI ES

PROPERTY TEST VALUE TEST METHOD
Seam Shear [13.5] [ ] kN'm Installers
Strength appr oved
(mn) procedure
Seam Peel [2.6] [ ] KN'm Installers
Strength approved
(mn) (1) procedure

Note (1): \Were applicable, both tracks of a double hot wedge seam shall be
tested for peel adhesion.

TABLE 5. PVC SEAM PROPERTI ES

PROPERTY TEST VALUE TEST METHOD
Seam Shear [77] [ ] I'b/in Installers
Strength approved
(mn) procedure
Seam Peel [15] [ ] I'b/in Installers
Strength approved
(mn) (1) procedure

Note (1): Were applicable, both tracks of a double hot wedge seam shall be
tested for peel adhesion.

2.1.3 Factory Seans

EZE IR R R S R R R I I O R R R Ok S R R R R I R I R I O R I O

NOTE: Pol yet hyl ene geonenbranes are not usually
factory seaned. Delete this paragraph when factory
seamng i s not applicable.

EE R R R S I R R R O I R R R R R S R R I R R R S R R S R R

Geonenbr ane sheets shall be factory seamed into maxi mum sized panels to
mnimze field seam ng. Factory seanmi ng shall be by methods approved by
the geonmenbrane nmanufacturer. Seans shall meet the m ni mum shear and pee
strength requirements shown in Table [3] [5]. Factory seans shall extend
to the end of the sheet so that no unbonded edges greater than 3.2 mr 1/8
inch wide are present.

2.2 TESTS, | NSPECTI ONS, AND VERI FI CATI ONS

2.2.1 Interface Friction Testing

EE R R R S I R I R I R I R S R R R R O S R R I R R R R R S R R R O

NOTE: Interface friction testing should be
conducted on all potential slip interfaces. The
rate of displacenment and nornal stresses used for
interface friction testing are dependent on the
materials being tested and anticipated site
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conditions. Normal stresses specified should cover
the range of anticipated field | oads. Selection of
peak versus residual values should be based on
anticipated interface displacenents taking into
account seisnic activities and | ong term conditions.

The nunber of interface friction tests nust be
determ ned on a site specific basis considering
regul ator input and the potential for damage due to
a shear failure. This testing should be conpleted
during design or by the Contractor prior to the
start of construction.

A net hod sonetines used to nodel saturated
conditions at the shear interface is to wet these
surfaces prior to shearing.

EE R R R S I R R R O I R R R R O S R R I R I R R R R R R R

Laboratory interface friction tests shall be conducted on the follow ng
interfaces: [__ ]. The frequency of testing for each interface shall be
[1 per [ ] acres of geonenbrane placed] [[___ ] per project]. Tests
shal | be conducted in accordance with ASTM D 5321. Normal stresses of

[ 1, [ ], and [ ] kPa psi along with a displacenent rate of
[1.0] [5.0] [___ ] mv [0.04] [0.2] [___ ] inches per mnute shall be
used. Interfaces tested shall be [wet] [dry]. Soil components shall be
the sane as used for full scale construction and shall be conpacted to the
same noi sture-density requirements specified for full scale field

pl acement. Geosynthetics shall be the sane materials as those proposed for
use during full scale construction. Geosynthetics shall be oriented such
that the shear force is parallel to the down slope orientation of these
conponents in the field. A mininmum/[peak] [residual] interface friction
angl e of | ] degrees is required for all interfaces.

. 2.2 Manuf act uring, Sanpling, and Testing
.2.2.1 Raw Materi al s

Raw materials shall be tested in accordance with the approved MY manual
Any raw material which fails to neet the geonenbrane manufacturer's

speci fied physical properties shall not be used in nmanufacturing the
sheet. Seaming rods and pellets shall be manufactured of materials which
are essentially identical to that used in the geonmenbrane sheet. Seam ng
rods and pellets shall be tested for density, nelt index and carbon bl ack
content in accordance with the approved MX manual . Seaning rods and
pellets which fail to meet the corresponding property val ues required for
the sheet material, shall not be used for seam ng.

.2.2.2 Sheet Materia

Geonenbr ane sheets shall be tested in accordance with the approved MXC
manual . As a mininum MX testing shall be conducted at the frequencies
shown in Table 1. Sheets not neeting the mnimumrequirenents specified in
Table 1 shall not be sent to the site.

.3 EQUI PMVENT

Equi prent used in performance of the work shall be in accordance with the

geonenbr ane manufacturer's recommendati ons and shall be maintained in
sati sfactory working condition.
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PART 3 EXECUTI ON

3.

3.

1 PREPARATI ON

1.1 Surface Preparation

Rk Rk kR IR R R I kO ke S O R AR Rk R R R Rk O ok O I R R I O I b R R o

NOTE: Ensure other sections of the specification
package adequately address conpaction requirenents
for soil subgrade |ayers

EE R R R S I R I R I R I O I R R R I R S R R I R R R R R S R R R

Surface preparation shall be perforned in accordance with Section 31 00 00
EARTHWORK. Rocks larger than [13] [__ ] my [1/2] [ ] inch in

di aneter and any other material which could danage t he geonenbrane shall be
renoved fromthe surface to be covered with the geonenbrane. Construction
equi pnent tire or track deformati ons beneath the geonenbrane shall not be
greater than 25 mr 1.0 inch in depth. Each day during placenent of
geonenbrane, the [QC Inspector] [Contracting Officer] and installer shal

i nspect the surface on which geonmenbrane is to be placed and certify in
witing that the surface is acceptable. Repairs to the subgrade shall be
performed at no additional cost to the Governnent.

.1.2 Anchor Trenches

VWere an anchor trench is required, it shall be placed [610] [__ ] my
[24) [ ] inches back fromthe edge of the slope to be covered. The
anchor trench shall be [610] [__ ] my [24] [ ] inches deep and [ 460]
[ ] my [18] [ ] inches wide. |If the anchor trench is excavated in

cohesive soil susceptible to desiccation, only the amount of anchor trench
required for placenment of geomenbrane in a single day shall be excavated.
Ponded water shall be removed fromthe anchor trench while the trench is
open. Trench corners shall be slightly rounded to avoid sharp bends in the
geonenbrane. Loose soil, rocks larger than [13] [__ ] my [1/2] [ ]
inch in diameter, and any other material which could danage t he geonenbrane
shall be removed fromthe surfaces of the trench. The geonenbrane shal
extend down the front wall and across the bottom of the anchor trench.
Backfilling and conpaction of the anchor trench shall be in accordance wth
Section 31 00 00 EARTHWORK.

.2 GEOVEMBRANE DEPLOYMENT

The procedures and equi pnment used shall not elongate, winkle, scratch, or
ot herwi se damage t he geonenbrane, other geosynthetic |ayers, or the
under | yi ng subgrade. Geonenbrane danmaged during installation shall be

repl aced or repaired, at the [QC inspector's] [Contracting Oficer's]
discretion. Only geonenbrane panels that can be anchored and seaned
together the same day shall be depl oyed. Adequate ballast (i.e., sand
bags) shall be placed on the geonmenbrane, w thout damagi ng the geonenbrane,
to prevent uplift by wind. No equiprment shall be operated on the top
surface of the geonenbrane wi thout permission fromthe Contracting

Oficer. Seans shall be oriented parallel to the Iine of maxi num sl ope.
Where seans can only be oriented across the slope, the upper panel shall be
| apped over the | ower panel. The nethods used to depl oy and backfill over
the geonmenbrane shall mnimze winkles and tensile stresses in the
geonenbrane. The geonenbrane shall have adequate slack to prevent the
creation of tensile stress. The winkle height to width ratio for
instal |l ed geonmenbrane shall not exceed 0.5. |In addition, geonenbrane
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wrinkl es shall not exceed 150 m 6 inches in height. Winkles that do not
nmeet the above criteria shall be cut out and repaired in accordance wth
the installer's approved QC manual .

.3 FI ELD SEAM NG
.3.1 Trial Seans

Trial seans shall be made under field conditions on strips of excess
geonenbrane. Trial seans shall be nade each day prior to production

seam ng, whenever there is a change in seam ng personnel or seam ng

equi pnment and at | east once every four hours, by each seamer and each piece
of seam ng equi prent used that day. Trial seam sanples shall be collected
and tested in accordance with ASTM D 6392. One sanple shall be obtained
fromeach trial seam This sanple shall be at |east 920 nm|ong by 305 mMm
wi de 36 inches long by 12 inches wide with the seam centered | engt hw se.
Ten random specinens 25.4 mr 1 inch wide shall be cut fromthe sanple.

Fi ve seam speci nens shall be field tested for shear strength and 5 seam
speci mens shall be field tested for peel adhesion using an approved
quantitative tensioneter. Were necessary, accelerated curing of tria
seans nmade by chenical methods shall be conducted in accordance with

GSI GRI GW. To be acceptable, 4 out of 5 replicate test specinens shal

neet seam strength requirenents specified in Table [3] [5]. |If the field
tests fail to nmeet these requirenents, the entire operation shall be
repeated. |If the additional trial seamfails, the seam ng apparatus or

seanmer shall not be used until the deficiencies are corrected by the
installer and 2 consecutive successful trial seans are achi eved.

.3.2 Fi el d Seans

Panel s shall be seamed in accordance with the geonenbrane manufacturer's
recomrendations. In sunps, corners and odd-shaped geonetric |ocations, the
nunber of field seams shall be mnimzed. Seaming shall extend to the
out si de edge of panels. Soft subgrades shall be conpacted and approved
prior to seaming. The seam area shall be free of noisture, dust, dirt, and
foreign material at the tine of seamng. Fish nouths in seans shall be
repaired.

.3.2.1 Pol yet hyl ene Seans

Pol yet hyl ene geonmenbranes shall be seanmed by thernal fusion nethods.
Extrusi on wel ding shall only be used for patching and seaming in | ocations
where thermal fusion nethods are not feasible. Seam overlaps that are to
be attached using extrusion welds shall be ground prior to welding.
Ginding marks shall be oriented perpendicular to the seamdirecti on and no
mar ks shall extend beyond the extrudate after placenent. Extrusion welding
shall begin within 10 m nutes after grinding. Were extrusion welds are
tenmporarily termnated | ong enough to cool, they shall be ground prior to
appl yi ng new extrudate over the existing seam The total depth of the
grinding marks shall be no greater than 10 percent of the sheet thickness.

.3.2.2 Non- Pol yet hyl ene Seans

Non- pol yet hyl ene geonenbranes shall be seaned by nethods as recomended by
the geonmenbrane nmanufacturer. Seam ng adhesives, solvents, or chenica

cl eani ng agents shall be stored away fromthe geomenbrane and only
spill-resistant containers shall be used while working on the geomenbrane.
If low tenperatures slow the curing process of chemcally fused seans and
del ay seamtesting, GSI GRI GW shall be used to accel erate sanple curing.
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3.

4 SAMPLES

One QC sanple, 500 mr 18 inches in length, for the entire width of a roll
shal | be obtained for every 9,000 square neters 100,000 square feet of
material delivered to the site. Sanples shall not be obtained fromthe
first three feet of the roll. For accordion fol ded geonenbranes, sanples
of equival ent size shall be collected from approved | ocations. The sanples
shall be identified by manufacturer's nane, product identification, |ot and
roll/panel nunber. The date, a uni que sanple nunber, and the nmachine

direction shall also be noted. In addition, a [305 by 305 mm [__ ] [12
inch by 12 inch] [__ ] QA sanple shall be collected, |abeled, and
submitted to the Contracting Officer each tinme QC sanples are coll ected.
.5 TESTS

Provide all QC sanples to the QC |aboratory to determ ne density,

thickness, tensile strength at break, and el ongation at break in accordance
with the methods specified in Table [1] [2] [4]. Sanples not neeting the
specified requirenents shall result in the rejection of applicable
rolls/panels. As a mnimum rolls/panels produced i mrediately prior to and
imediately after the failed roll/panel shall be tested for the sane fail ed
paraneter. Testing shall continue until a mninmm of three successive

rol |l s/panels on both sides of the original failing roll/panel pass the
failed paraneter.

.5.1 Non- Destructive Field Seam Continuity Testing

Fi el d seans shall be non-destructively tested for continuity over their
full length in accordance with the installer's approved QC nanual. Seam
testing shall be performed as the seam ng work progresses, not at the
completion of field seam ng. Any seans which fail shall be docunmented and
repaired in accordance with the installer's approved QC manual .

.5.2 Destructive Field Seam Testi ng

A mni mum of one destructive test sanple per [230] [__ ] m[750] [__ ]
feet of field seam shall be obtained at | ocations specified by the [QC
inspector] [Contracting Officer]. Sanple |locations shall not be identified
prior to seaming. Sanples shall be a m ninmum of 305 mr 12 inches wi de by
1.1 m 42 inches long with the seamcentered | engthwi se. Each sanpl e shal
be cut into 3 equal pieces, with one piece retained by the installer, one
pi ece given to the QC |l aboratory, and the remaining piece given to the
Contracting Officer for QA testing and/or permanent record. Each sample
shal | be nunbered and cross referenced to a field | og which identifies:

(1) panel nunber; (2) seam nunber; (3) date and tinme cut; (4) anbient
tenmperature within 150 mr 6 i nches above the geonenbrane; (5) seam ng unit
designation; (6) nane of seaner; and (7) seam ng apparatus tenperature and
pressures (where applicable). Ten 25 mr 1 inch wide replicate specinens
shall be cut fromthe installer's sample. Five specinens shall be tested
for shear strength and 5 for peel adhesion using an approved field
quantitative tensioneter. Jaw separation speed shall be in accordance with
the approved QC nanual. To be acceptable, 4 out of 5 replicate test

speci nens shall neet the seam strength requirenments specified in Table
[3][5]. |If the field tests pass, 5 specinmens shall be tested at the QC

| aboratory for shear strength and 5 for peel adhesion in accordance wth
the QC | aboratory's approved procedures. To be acceptable, 4 out of 5
replicate test specinens shall nmeet the seam strength requirenents
specified in Table [3][5]. |If the field or |laboratory tests fail, the seam
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shall be repaired in accordance with paragraph Destructive Seam Test
Repairs. Holes for destructive seam sanpl es shall be repaired the same day
they are cut.

.6 DEFECTS AND REPAI RS

.6.1 Destructive Seam Test Repairs

Seans that fail destructive seamtesting may be overlaid with a strip of
new material and seaned (cap stripped). Alternatively, the seam ng path
shall be retraced to an intermediate location a minimumof 3 m 10 feet on
each side of the failed seamlocation. At each |ocation a 305 by 460 mr 12
by 18 inch m ni num si ze seam sanpl e shall be taken for 2 additional shear
strength and 2 additional peel adhesion tests using an approved
quantitative field tensioneter. |If these tests pass, then the remaining
seam sanpl e portion shall be sent to the QC | aboratory for 5 shear strength
and 5 peel adhesion tests in accordance with the QC | aboratory's approved
procedures. To be acceptable, 4 out of 5 replicate test specinens nust

neet specified seamstrength requirenents. |If these |aboratory tests pass,
then the seam shall be cap stripped or repaired using other approved

nmet hods between that l[ocation and the original failed location. |If field
or laboratory tests fail, the process shall be repeated. After repairs are

conpl eted, the repaired seam shall be non-destructively tested in
accordance with paragraph Non-Destructive Field Seam Continuity Testing.

.6.2 Pat ches

Tears, holes, blisters and other defects shall be repaired with patches.
Pat ches shall have rounded corners, be nade of the sane geonenbrane, and
extend a mni mum of 150 mr 6 i nches beyond the edge of defects. M nor

| ocalized flaws shall be repaired by spot wel ding or seamning as deternined
by the QC inspector. Repairs shall be non-destructively tested. The
Contracting Oficer or the QC inspector may also elect to perform
destructive seamtests on suspect areas.

.7 VISUAL | NSPECTI ON AND EVALUATI ON

| mredi ately prior to covering, the geomenbrane, seams, and non-seam areas
shal |l be visually inspected by the QC inspector and Contracting O ficer for
defects, holes, or damage due to weather conditions or construction
activities. At the Contracting Oficer's or the QC inspector's discretion,
the surface of the geomenbrane shall be brushed, blown, or washed by the
installer if the amount of dust, nud, or foreign material inhibits

i nspection or functioning of the overlying material. Each suspect |ocation
shal | be non-destructively tested in accordance w th paragraph

Non- Destructive Field Seam Continuity Testing. Each location that fails
non-destructive testing shall be repaired in accordance w th paragraph

Pat ches and non-destructively retested.

8 PENETRATI ONS

IR E R R E R RS EEEEEREEEEEEEEEREEREREEEREEEEEEREEEEEEEREEEEEEEEEEEEEEREEEEEEREEEEE SRS

NOTE: M ninize the nunber of penetrations and show
their locations on the drawings. Referencing the
manuf acturer's typical penetration details is
general |y accept abl e.

Rk Rk kR IR R R I kO e O O R AR R R R Rk kO I R R I O S R Rk o

Geonenbr ane penetration details shall be [as shown on the drawings] [in
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accordance with ASTM D 6497 or as recommended by the geomenbrane

manuf acturer]. Factory fabricated boots shall be used wherever possible.
Fiel d seans for penetrations shall be non-destructively tested in
accordance with the installer's approved QC nanual. Seans that fai

non-destructive testing shall be repaired in accordance with the
installer's approved QC manual and non-destructively tested prior to
accept ance.

.9 PROTECTI ON AND BACKFI LLI NG

The depl oyed and seamed geonenbrane shall be covered with the specified
material within [5] [14] [___ ] cal endar days of acceptance. Winkles in
t he geonenbrane shall be prevented from fol ding over during placenent of
cover materials. Cover soil shall not be dropped onto the geomenbrane or
overlying geosynthetics froma height greater than 1 m 3 feet. The soi
shal | be pushed out over the geonenbrane or overlying geosynthetics in an
upward tunbling notion. Soil shall be placed fromthe bottom of the sl ope

upward. The initial |oose soil lift thickness shall be [350] [ ] m
[12] [ ] inches. Equipnent with ground pressures | ess than 50 kPa 7 ps
shall be used to place the first lift over the geonenbrane. A m ni mum of
[460] [610] [915] [__ ] mv [18] [24] [36] [__ ] inches of soil shall be

mai nt ai ned between construction equi pment with ground pressures greater than
50 kPa 7 psi and the geonenbrane. Cover soil conpaction and testing
requirenents are described in Section 31 00 00 EARTHWORK.  Equi prent

pl aci ng cover soil shall not stop abruptly, nmake sharp turns, spin their

wheel s, or travel at speeds exceeding [2.2] [__ ] ms [5] [ ] mph.

-- End of Section --

SECTION 02 56 13 Page 28



