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The U.S. Department of Agriculture (USDA) prohibits discrimination against its customers,
employees, and applicants for employment on the bases of race, color, national origin, age,
disability, sex, gender identity, religion, reprisal, and where applicable, political beliefs, marital
status, familial or parental status, sexual orientation, or all or part of an individual's income

is derived from any public assistance program, or protected genetic information in employ-
ment or in any program or activity conducted or funded by the Department. (Not all prohibited
bases will apply to all programs and/or employment activities.)

If you wish to file a Civil Rights program complaint of discrimination, complete the USDA
Program Discrimination Complaint Form (PDF), found online at http://www.ascr.usda.gov/
complaint_filing_cust.hitml, or at any USDA office, or call (866) 632-9992 to request the form.
You may also write a letter containing all of the information requested in the form. Send your
completed complaint form or letter to us by mail at U.S. Department of Agriculture, Director,
Office of Adjudication, 1400 Independence Avenue, S.W., Washington, D.C. 20250-9410, by fax
(202) 690-7442 or email at program.intake@usda.gov

Individuals who are deaf, hard of hearing or have speech disabilities and you wish to file either
an EEO or program complaint please contact USDA through the Federal Relay Service at (800)
877-8339 or (800) 845-6136 (in Spanish).

Persons with disabilities who wish to file a program complaint, please see information above
on how to contact us by mail directly or by email. If you require alternative means of com-
munication for program information (e.g., Braille, large print, audiotape, etc.) please contact
USDA's TARGET Center at (202) 720-2600 (voice and TDD).

(210-VI-NEH, July 2016)



Chapter 10 Geosynthetics

Contents 645.1000 Introduction 10-1
645.1001 Installation 10-2

() GEOLEXLILE ...ttt sttt 10-2

(D) GEOMEIMNDIANES......ceieeieieeieiieieie ettt ettt ettt st estestesaeeeenaesse et eseenes 10-8

(¢) Geosynthetic Clay LINeT ........cccceeieirereniiinirenieieenereeeeeeseseeee e 10-15

645.1002 Sampling and Testing 10-18

(2) GeOteXtile SEAMS ......ccvieieeiieiieie ettt e ae e neee s 10-18

(b) GEeomMEMDIANE SEAIMNS........ccveeruieeieireeiieiteerreeeeeteereesteesseeseeesaeeseesseenseens 10-19

645.1003 Records and Reports 10-21

645.1004 References 10-22

(210-VI-NEH, Amend. 79, July 2016)



Chapter 10

Geosynthetics Part 645

National Engineering Handbook

Figures

10-ii

Figure 10-1

Woven monofilament geotextiles are strong and highly permeable. 10-3
They are usually made of extruded polypropylene. They are often

used under concrete or riprap revetment systems for streambank
protection.

Figure 10-2

Slit-film is another woven geotextile made by weaving flat strands 10-3
of plastic that were created by slitting a plastic sheet. Slit-film

geotextiles do a poor job of filtration and are therefore unsuitable

for most conservation applications.

Figure 10-3

Non-woven geotextiles are commonly used in conservation 10-3
applications as a filter or separator. They are made of fibers that

are bonded together by heat or a mechanical process. Needle-punched
non-wovens are common. They are mechanically bonded by using a

barbed needle to entangle the fibers.

Figure 104

Geocomposites combine the positive properties of more than 104
one geosynthetic material. There are several configurations available but
most have a geotextile or geomembrane bonded on one or both sides to a
geogrid or geonet. The images show a geonet combined with a non-woven
geotextile. It has the filtration of the geotextile along with the strength and
lateral drainage capacity of the geonet.

Figure 10-5

Geomembrane liners are very low permeability synthetic materials 104
primarily used to control fluid migration into or out of earthen

structures. The most common conservation applications are to

reduce the permeability of waste storage lagoons or ponds.

Figure 10-6

Geogrids are used to reinforce and strengthen road subgrades, 104
slopes and retaining walls. Geogrids have a high tensile strength

and interlock with natural or imported coarse materials to form

a stronger structure. (Photo used with permission of Carthage Mills, Inc.)

Figure 10-7

Geonets are made of polyethylene resin and their primary 10-5
purpose is to provide lateral drainage of fluid and gasses. They are

often used in landfill liners to collect leachate. Many times they

are combined with geotextiles into a geocomposite. The geotextile

filters the soil particles to maintain the drainage capacity of the

geonet and prevent loss of soil through internal erosion.

Figure 10-8

Geocells are also known as cellular confinement systems. They are 10-5
usually made of welded high density polyethylene. The materials are folded
for transport and expanded and filled with soil or rock for soil stabilization or
erosion control

Figure 10-9

Joining geotextile panels by lapping 10-8
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Geosynthetics

645.1000 Introduction

Geosynthetics are polymeric products used with soil,
rock, earth, or other geotechnical engineering related
material. There are eight main geosynthetic categories:

¢ Geotextiles

e Geogrids

¢ Geonets

¢ Geomembranes

e Geosynthetic clay liners

¢ Geofoam

¢ Geocells

e Geocomposites
This chapter focuses on the three categories of geo-
synthetics that are widely used in engineering con-

servation measures: geotextiles, geomembranes, and
geosynthetic clay liners.

The inspector’s general responsibilities related to the
installation of geosynthetics include verifying:

e Safe conditions exist when handling and install-
ing geosynthetics.

e Only approved materials are delivered and in-
stalled.

e Materials are stored and handled properly and
protected from UV exposure.

e The subgrade or surface upon which geotextiles
are to be installed complies with specified re-
quirements.

e Joints and seams are installed in the specified
manner and tested for leakage where applicable.

e Geosynthetics are placed and anchored as speci-
fied.

e All appurtenances are installed at the location
and in the manner specified.

e Vents are installed where applicable.

After placement, geosynthetics are covered in
the manner specified to avoid lengthy UV expo-
sure.

Geosynthetics are not damaged during installa-
tion and covering.

Damaged geosynthetics are removed and re-
placed or repaired according to specification
requirements.

(210-VI-NEH, Amend. 79, July 2016)
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645.1001 Installation

(a) Geotextile

Geotextiles are permeable geosynthetics comprised
of woven or nonwoven textiles. NRCS Construction
Specification 95 (CS 95), Geotextile covers the use of
geotextiles for the following purposes:

e Separation and filtration for erosion protection
e Padding beneath geomembrane liners

e Silt fence

¢ Drainage and drainage filters

¢ Soft foundation reinforcement

e Reinforced fill

(1) Material

Design engineers often specify that geotextile materi-
als meet the requirements of NRCS Material Specifica-
tion 592 (MS 592), Geotextile. The physical require-
ments of woven geotextiles are listed in table 1 and
those of nonwoven geotextiles are listed in table 2 of
MS 592. Each table lists four classes of geotextiles
classified according to the purpose for which they are
used. Class I and II are used for slope protection, class
III is used for subsurface drainage, and class IV is used
for embankment or road stabilization.

Nonwoven geotextiles generally have less tensile
strength than woven geotextile, but are equally strong
in both length and width directions. Bilateral woven
geotextile is equally strong in two directions (one
direction along the length, the other along the width of
the fabric), whereas unilateral geotextile is stronger in
one direction than the other.

The inspector is responsible for verifying the geotex-
tile conforms to the specified type and class and has
been approved for use by the responsible engineer.
Quality control or quality assurance inspectors are
not required to conduct performance testing; material
performance testing is done by the manufacturer.

Before product delivery to the work site, the contrac-
tor should provide a material submittal to the engi-
neer. The submittal should state the product name

and type of polymer used to make the geotextile. The
engineer may reference the Geosynthetics Specifier’s
Guide to verify that the product named in the submit-
tal conforms to specification requirements. The guide
is an annual publication of the Industrial Fabrics
Association International, available at http://www.
geosindex.com.

Geotextiles should be delivered with an intact manu-
facturer’s protective cover labeled to show the manu-
facturer’s name, geotextile product name, and type

of polymer from which the geotextile was made. The
label information should match the information on the
material submittal for the material approved for use.
Rolls delivered without the cover should be inspected
to verify they are the specified and approved mate-
rial. The outer layer of rolls that are not covered and
protected from UV damage should not be incorporated
into the work.

The various types of geotextile materials can gener-
ally be identified by look and feel. It is relatively easy
to tell the difference between woven geotextiles and
nonwoven geotextiles, but it may not be as easy to
determine other details, such as if a nonwoven geotex-
tile is a 6-ounce-per-square-yard fabric or an 8-ounce-
per-square-yard fabric. Nonwoven geotextiles are
commonly referred to as 4 ounce, 6 ounce, 8 ounce,
etc. The reference indicates the mass of a square yard
of fabric. The inspector should learn to identify vari-
ous geotextile materials commonly used in conserva-
tion work and consult with the responsible engineer

if there is any doubt that the material being installed
complies with specification requirements. Figures 10-1
through 10-8 show various types of geotextile materi-
als.

The edges of woven geotextiles must be finished to
prevent the outer yarn from unraveling. This is gener-
ally accomplished by sewing in a selvedge. A selvedge
is a narrow border often of different or heavier threads
than the geotextile fabric and sometimes in a different
weave. The inspector must verify the material edges
include a selvedge or otherwise do not ravel.

The inspector’s responsibilities related to geotextile
materials include:

e Verifying materials are approved for use by the
responsible engineer.

10-2 (210-VI-NEH, Amend. 79, July 2016)
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Figure 10-1 Woven monofilament geotextiles are strong Figure 10-2 Slit-film is another woven geotextile made
s and highly permeable. They are usually made e by weaving flat strands of plastic that were

of extruded polypropylene. They are often
used under concrete or riprap revetment
systems for streambank protection.

Figure 10-3 Non-woven geotextiles are commonly used

messssss—— in conservation applications as a filter or
separator. They are made of fibers that are
bonded together by heat or a mechanical
process. Needle-punched non-wovens are
common. They are mechanically bonded by
using a barbed needle to entangle the fibers.

(210-VI-NEH, Amend. 79, July 2016)

created by slitting a plastic sheet. Slit-film
geotextiles do a poor job of filtration and are
therefore unsuitable for most conservation
applications.
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Figure 10-4 Geocomposites combine the positive proper-
oeeeessees ties of more than one geosynthetic material.

There are several configurations available
but most have a geotextile or geomembrane
bonded on one or both sides to a geogrid or
geonet. The images show a geonet com-
bined with a non-woven geotextile. It has
the filtration of the geotextile along with
the strength and lateral drainage capacity
of the geonet.

Figure 10-5
—

(210-VI-NEH, Amend. 79, July 2016)

Geomembrane liners are very low perme-
ability synthetic materials primarily used to
control fluid migration into or out of earthen
structures. The most common conservation
applications are to reduce the permeability of
waste storage lagoons or ponds.
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Figure 10-6 Geogrids are used to reinforce and strength- Figure 10-7 Geonets are made of polyethylene resin and

messssm——  cn road subgrades, slopes and retaining s their primary purpose is to provide lateral
walls. Geogrids have a high tensile strength drainage of fluid and gasses. They are often
and interlock with natural or imported coarse used in landfill liners to collect leachate.
materials to form a stronger structure. (Photo Many times they are combined with geotex-
used with permission of Carthage Mills, tiles into a geocomposite. The geotextile
Inc.) filters the soil particles to maintain the drain-

age capacity of the geonet and prevent loss of
soil through internal erosion.

Figure 10-8 Geocells are also known as cellular confinement systems. They are usually made of welded high density poly-
msssssssmm  cthylene. The materials are folded for transport and expanded and filled with soil or rock for soil stabilization or
erosion control
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e Verifying delivered materials are protected by an
intact manufacturer’s protective cover.

e Verifying the label information and the material
conforms to the approved material submittal.

e Learning to identify various geotextile materials
by look and feel.

e Verifying the edges of woven geotextiles have a
selvedge.

(2) Storage and handling

Generally, geotextiles are rolled onto a cardboard core
when they are manufactured (similar to a roll of paper
towels). The contractor may lift and transport the roll
using equipment fitted with a horizontal pole or pipe
inserted into the core. The protective cover should be
untied on the end where the pipe is inserted so that

it can be re-tied after the roll has been moved. The
pole should be inserted into the core to a depth that

is at least two thirds of the length of the roll to avoid
breaking the core. Slings may be used if the roll can
be moved without damage to the roll or its protective
cover. Never allow the rolls to be dragged.

Some geosynthetics are formulated to be used in
exposed applications, but most must be covered for
protection from damage caused by ultraviolet light
exposure. Geotextiles should be stored in a dry place,
preferably above ground, and in a shaded area to avoid
overheating from sunlight. The protective cover should
remain in place until installed to protect the material
from damaging ultraviolet radiation. If the protective
cover is removed or otherwise damaged, the outer
layer of the roll of geotextile must be discarded and
not be incorporated into the work.

Geotextile should not be stored near a heat source
such as welding, burning of brush, or any source of
heat that could cause the temperature to exceed 160
degrees Fahrenheit. Geotextile should not be allowed
to come in contact with chemicals that can damage
the material. Damage from ultraviolet light and chemi-
cals may not be apparent, so the best practice is to
avoid them.

Freezing temperature may also pose a problem during
placement. If the geotextile is wet and becomes frozen
it will be stiff and difficult to place. When frozen, it will
not conform to the subgrade, which is critical for it to
function in most applications.

The inspector’s responsibilities related to storage and
handling of geotextile materials include verifying:

e Geotextile rolls are not damaged when moved.

e The protective cover is not damaged when
moved.

e Materials are stored in a dry shaded area away
from damaging chemicals and excessive heat.

e Materials that are not protected from ultraviolet
light exposure are not used.

e Damaged materials are not incorporated into the
work.

e Geotextile that is stiff from being wet and freez-
ing is thawed before installation.

(3) Surface preparation

The inspector should understand the desired function
of the geotextile and the foundation conditions needed
to allow the geotextile to function as intended. For
example, if the geotextile is being used for a filter ma-
terial, it must be placed in continuous contact with the
foundation material and avoid muddy or wet soils that
could clog the geotextile. Otherwise, when used for
improving foundation bearing strength or as a separa-
tor between two materials, a muddy or wet founda-
tion, may not impair the function of the geotextile. It is
difficult, however, to install geotextile to the specified
line and grade in muddy conditions, standing water, or
flowing water.

For any application, holes, rills, or other depressions
in the subgrade that would cause a void under the
geotextile must be eliminated. Rocks, clods, roots, or
sticks that either prevent the geotextile from contact-
ing the surface or could punch a hole in the fabric
must also be avoided.

Mud that contacts the geotextile during placement can
cause the geotextile to clog, which can allow hydro-
static pressure to develop and cause the geotextile to
float or otherwise fail to function as designed. This
may not be a problem if the purpose of the geotextile
is to improve bearing strength of the foundation.

Any foundation needs to be strong enough to support
the load resulting from the construction of the struc-
ture that is to be placed on the foundation. Before

10-6 (210-VI-NEH, Amend. 79, July 2016)
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placing the geotextile, the foundation must meet the
specified density.

The inspector’s responsibilities related to surface prep-
aration include verifying:

¢ The condition of the surface will not be detri-
mental to the function of the geotextile.

e Holes, rills, or other depressions are eliminated
when necessary for the geotextile to function as
intended.

e Rocks, clods, roots, and sticks that could pre-
vent geotextile from contacting the surface or
could punch a hole in the fabric are removed or
avoided.

e Muddy conditions, standing water, or flowing
water are eliminated when necessary for the
geotextile to function as intended.

e The foundation density complies with specifica-
tion requirements.

(4) Placement
When placing geotextile, the objective is to place it in
a manner that will result in:

¢ The entire geotextile being in continuous contact
with the soil.

e Little or no tensile stressing of the geotextile or
sewn joints from materials being placed over it.

e No stretching of the geotextile that would cause
a reduction in the lap length.

e No potential for damage from covering caused by
the geotextile being stretched tightly over voids
in the subgrade.

Geotextile should only be placed after the founda-

tion is approved for placement. The geotextile should
be placed onto the surface in a loose manner (not
stretched) to allow it to fill all depressions so that it
continuously contacts the soil in all locations. Each
panel should be positioned in this manner before being
joined to or lapped over the adjoining section.

Geotextile panels will be joined by lapping and sewing
(CS 95, method 1) or by lapping only (CS 95, method
2). Geotextiles are generally sewn in the field, but
relatively small panel sizes may be factory sewn. The

lap length, number of stitched rows, and spacing of the
stitched rows must comply with specification require-
ments. The seam strength must meet the minimum ten-
sile strength requirement. CS 95 states “the seam type
and sewing machine to be used shall produce a seam
strength...that provides a minimum of 90 percent of
the tensile strength in the weakest principle direction
of the geotextile being used.”

To verify compliance with the specified tensile
strength requirement, a representative seam sample
may be obtained from a field seam and sent to a quali-
fied laboratory for tensile strength testing. Alternative-
ly, the contractor may submit data from tensile tests of
sewn joints in similar geotextile materials to document
the specified joint strength can be attained with the
seam type and sewing machine to be used. In the case
of factory sewn materials, the documentation must
verify the seam type and sewing machine used to sew
the panels meets this requirement.

CS 95, method 2, requires joining by lapping each
panel a minimum of 18 inches. A greater minimum
lap length is sometimes specified in the construction
details. U-, L-, or T-shape pins can be used to hold the
geotextile in place until it is anchored and covered.
Steel washers must be used with L- and T- shape pins.
The inspector should verify the minimum overlap is
attained, the fabric is properly anchored where speci-
fied, and secured until covered. The laps must be
oriented like shingles as shown in figure 10-9 so that
water flowing over the geotextile cannot flow under a
lap.

The geotextile must be covered quickly to avoid dam-
age from ultraviolet light and to protect it against other
damage. Damage can occur during covering, thus the
inspector must monitor the covering operation to
verify the geotextile remains undamaged and that the
minimum amount of cover is achieved. Damage can
also occur after covering, especially if the covering
material is a material like rock riprap. Precautions
must be taken to limit traffic over the cover materials
in those instances. Any damaged geotextile must be
repaired as specified or replaced.

Geotextile should be permanently anchored along
its perimeter to prevent movement during or after
installation and to prevent the flow of water between
the subgrade and the fabric. The design engineer will
generally specify the anchorage method to be used

(210-VI-NEH, Amend. 79, July 2016) 10-7
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along the perimeter of the geotextile. The method will
usually consist of placing the end of the geotextile in
an excavated trench in a specific configuration and
backfilling. Pinning may also be used further secure
the geotextile before backfill.

The inspector’s responsibilities related to placing geo-
textile includes verifying:

e The geotextile is in continuous contact with the
foundation surface in all locations.

e Joining of panels meets specification require-
ments for sewing or lapping as applicable.

e Lap lengths are maintained after installation of
cover materials.

e Geotextile is not damaged during installation or
covering.

e Geotextile is properly anchored and secured.

e Geotextile is covered to the specified depth and
within the specified timeframe.

e (Cushioning of geotextile is provided where speci-
fied.

Figure 10-9 Joining geotextile panels by lapping

e Specified requirements for limiting vehicular and
equipment traffic on the geotextile are followed.

(b) Geomembranes

Geomembranes are sheets of polymeric material used
for containment of stored liquids, including water,
liquid manure, and chemicals. Numerous materials

are used to manufacture geomembranes, including
high-density polyethylene (HDPE), linear low-density
polyethylene (LLDPE), flexible polypropylene (fPP),
polyvinyl chloride (PVC), and ethylene propylene
diene monomer (EPDM). High-strength threads, called
scrim, may be used to reinforce geomembranes to
increase their tensile strength and tearing resistance.
Geomembranes can also consist of woven strands of
polymer material with various coating layers applied
to the woven sheet (for example, reinforced polyethyl-
ene (PE-R)). NRCS CS 97, Geomembrane Liner, covers
the use of geomembranes for pond liners and other
applications. The companion material specification is
MS 594, Geomembrane Liner.

Individual sheets of geomembrane material are
seamed together to form the lining for a pond or other
containment structure. Seaming is performed by three
different methods: thermal, chemical, and adhesive.
Appropriate seaming methods vary with the type of
polymer. Seaming can be performed either in the fac-
tory or in the field. For flexible geomembranes such as
PVC, fPP, and EPDM, large panels can be factory fab-
ricated and folded onto pallets for transport to the job
site where they are then unfolded and positioned. For
stiffer material, primarily HDPE, all individual sheets
must be seamed in the field. Factory fabrication helps
to reduce the number of field seams required. This can
be advantageous since conditions for seaming are gen-
erally more favorable in the factory than in the field.

For a geomembrane liner to function properly, it obvi-
ously must be free of leaks. Therefore, a primary re-
sponsibility of the inspector on geomembrane projects
is to help prevent the creation of leaks and to identify
any leaks that may occur. Leaks arise from a variety of
causes, including manufacturing defects in the geo-
membrane sheet, poor-quality seams, and damage to
the geomembrane during transport, deployment, seam-
ing, or covering operations. Geomembranes are inher-
ently susceptible to damage, including cuts, punctures,
tears, and scrapes, any of which can give rise to leaks.
Therefore, diligent and thorough inspection is required

10-8 (210-VI-NEH, Amend. 79, July 2016)
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to minimize damage to the liner and to identify any
damage that may occur and allow for timely repairs.

Installation and testing of geomembrane liners in-
volves specialized materials, techniques, and equip-
ment, which will not be familiar to those with no
previous experience with geomembranes. Therefore,
quality assurance (QA) on geomembrane liner proj-
ects should be performed by persons with significant
experience and expertise in these processes. In cases
where service personnel are not sufficiently experi-
enced in geomembrane installation, the use of spe-
cialty consultants should be considered to assist with
the QA effort. In some States, third-party inspectors
are required to perform QA inspections and testing on
regulated liner installations. The use of “experienced”
or “pre-qualified” installers is no substitute for a rigor-
ous, independent QA process.

Most of the inspection and testing of the liner during
and after installation is performed by the installer as
contractor QC. The requirements for these efforts
should be clearly enumerated in the contract specifica-
tions; for example, as an item of work under CS 94,
Contractor Quality Control. These duties include pro-
viding material certifications for all materials used on
the job, inspecting the subgrade before geomembrane
deployment, performing non-destructive tests on all
seams, obtaining the destructive samples of seams to
be tested by all parties, performing destructive tests
on seams, and marking all areas needing repair.

Likewise, the duties of the QA team should be listed

in the QA plan. These duties include verifying that all
required QC activities are performed; observing criti-
cal installation activities, such as test strips, seaming
operations, and non-destructive testing; specifying
locations for obtaining destructive test samples; not-
ing activities likely to cause damage to the liner; and
performing a thorough visual examination of the entire
geomembrane surface. If a consultant or third-party
QA inspector is used, then the NRCS inspector will
rely to a large extent on their inspections, supplement-
ed by general oversight of project activities.

(1) Material

Design engineers may require that all materials, in-
cluding the geomembrane liner, welding rod, appurte-
nances, adhesive, and sealant conform to the require-
ments of MS 594. Materials should also conform to the
applicable provisions in the contract specifications,

and details as shown on the drawings. Conformance of
all materials should be checked upon delivery to the
project site.

The inspector’s responsibilities related to materials
include verifying:

e All materials delivered to the site meet the
contract requirements, including polymer type,
thickness, and other properties, such as rein-
forcement, texturing, etc.

e Appropriate material certifications are provided,
including roll number, manufacturer’s QC/QA
(MQC/MQA) test data and conformance test
data, if required.

e Quantities of all materials are sufficient to com-
plete the project.

e All non-conforming materials are removed from
the job site.

(2) Storage and handling

Upon delivery to the job site, the off-loading and stor-
age of all materials should be observed to verify that
the manufacturer’s recommendations are followed.
The liner material should be stored and protected from
puncture, dirt, grease, excessive heat, exposure to
ultraviolet radiation, or other damage. Damaged liner
material should be repaired or replaced. Liner mate-
rial that cannot be satisfactorily repaired should be
removed from the job site.

The inspector’s responsibilities related to storage and
handling include verifying:

e Materials are handled and stored according to
the manufacturer’s recommendations.

e Any damage occurring during off-loading or stor-
age is noted.

e Damaged materials are repaired or replaced.

e All non-conforming materials are removed from
the job site.

(3) Subgrade preparation

The goals of subgrade preparation are to provide a
solid working surface for the installation of the liner,
eliminate puncture hazards, and ensure that continu-
ous contact will be obtained between the liner and
the subgrade. Subgrade soils should be compacted to

(210-VI-NEH, Amend. 79, July 2016) 10-9
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provide a smooth, firm, and unyielding foundation.

All subgrade surfaces should be free of organic mate-
rial, rocks larger than 3/8 inch, angular rocks, or any
other sharp objects. Surface deformations must not
exceed 1 inch. Standing water, mud, and snow should
be removed before liner placement. Besides eliminat-
ing puncture hazards and providing a suitable working
surface for liner installation, subgrade preparation
should ensure that continuous contact will be ob-
tained between the geomembrane and the subgrade.

The inspector’s responsibilities related to subgrade
preparation include verifying—

e Subgrade is free of harmful materials, including
organics, sticks, rocks larger than 3/8 inch, angu-
lar rocks or other sharp objects, standing water,
mud, or Snow.

e Subgrade is smooth, firm, and unyielding.

e Surface deformations do not exceed 1 inch.

(4) Anchor trench

The anchor trench provides permanent anchoring for
the liner and should be constructed according to the
details shown on the drawings. The trench corners
should be slightly rounded to prevent damage to the
liner.

If sloughing of the trench occurs, the sloughed soils
should be removed and necessary repairs made to pro-
vide a smooth trench wall. Standing water, mud, snow,
and trash should be removed before liner placement
and trench backfill.

Soil material used for backfilling the trench should
meet the requirements for the liner subgrade. The
trench should be backfilled in two equal lifts and
compacted by rolling with rubber-tired equipment or
manually directed compaction equipment.

The inspector’s responsibilities related to anchor
trench include verifying:

e Anchor trench is excavated as shown on the
drawings.

e (Corners on the anchor trench are rounded and
the walls are smooth.

e Backfill material for the anchor trench is as
specified and that no unsuitable materials are
present.

e Anchor trench backfill material is compacted as
specified without damage to geomembrane.

(5) Liner placement

Placement of the liner should not begin until the
subgrade is acceptable. Normally, placement may not
begin until the installer has also performed a passing
test strip, unless the specifications allow otherwise.

The liner should be installed with a minimum of han-
dling by using a spreader bar assembly attached to a
front-end loader, track-hoe bucket, or by other meth-
ods recommended by the liner manufacturer. The liner
should be placed parallel to the direction of maximum
slope. During installation, the liner should be secured
with sandbags to protect it from wind uplift forces.
The liner should be seamed and secured by the end of
each workday.

Construction equipment should not be allowed to
operate directly on the liner except for all-terrain ve-
hicles that produce a ground pressure of less than five
pounds per square inch.

The liner should not be placed during unfavorable
weather, such as foggy conditions, precipitation
events, or in the presence of excessive winds. Instead,
place the liner only when the ambient temperature is
within the range specified in the table below.

The liner should be loosely laid over the subgrade with
sufficient slack to accommodate thermal expansion
and contraction. The placed liner should be in continu-
ous contact with the subgrade. Each panel should be
laid out and positioned to minimize the number and
length of liner seams and according to the manufac-
turer’s recommendations. The methods used to place
panels should minimize wrinkles, especially along field
seams. Wrinkles should not exceed 6 inches in height
or “fold over” during soil cover placement or other
load application. If specified, a geosynthetic rub sheet
should be used under the liner when dragging or mov-
ing the panels.

Seam overlap—Liner panels should have a minimum
seam overlap of 4 inches for hot wedge welding, hot
air welding, chemical fusion welding, adhesive seams,
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inseam tape, and cover strip seams. A minimum seam
overlap of 3 inches should be used for extrusion-weld-
ed seams. Upslope panels should overlap downslope
panels to produce a shingle effect for drainage.

The inspector’s responsibilities related to liner place-
ment include verifying:

e Geomembrane placement does not begin until
the subgrade has been approved by the engineer
and a passing test strip has been performed by
the installer, unless otherwise specified.

e Weather conditions are suitable for geomem-
brane placement, according to the project speci-
fications.

e Only approved materials are incorporated into
the work.

e Placement procedures meet the project specifica-
tions and do not cause damage to the geomem-
brane or subgrade.

e Defects, blemishes, or damage anywhere in the
geomembrane panels are noted and marked for
repair.

e Geomembrane is placed with the top side up in
cases where top and bottom sides are designated
by the manufacturer: for example, with some
reinforced geomembranes.

e Geomembrane is placed with adequate slack, but
without significant wrinkles.

e Minimum overlap is provided between adjacent
geomembrane panels.

e Temporary ballast is placed on the geomembrane
to prevent displacement by wind during place-
ment and at end of each day.

e Traffic on the geomembrane is limited to the
types of vehicles allowed in the project specifica-
tions.

e An as-built sketch is maintained of all panels
placed each day.

(6) 'Trial seams

Before beginning production seaming, trial seams
(also called test strips) are used, as specified in the
project specifications, for the installer to verify that
the proposed materials, equipment, and personnel are
capable of producing seams of adequate quality. The

trial seams are welded outside of the project area us-
ing the same materials, equipment, and personnel as
will be used for the production seaming. The test strip
must be long enough to furnish the samples needed for
all tests to be run by all parties. Typically, the length
ranges from about 3 to 10 feet.

The installer will cut samples from the test seam and
perform both shear and peel tests on them. Minimum
seam strength values are specified in the project speci-
fications. Production seaming should not begin until
the installer produces a passing test seam. Typically,
test strips are required every 4 hours; for example, at
the beginning of the shift and after the lunch break.
Additional test strips are required either when changes
occur in the seaming process or environment or when
problems are encountered.

The inspector’s responsibilities related to trial seams
include verifying:

e Trial seams are performed at the frequency speci-
fied in the project specifications.

e All materials, methods, equipment, personnel,
and conditions for the trial seam are the same as
for production seaming.

e Settings on welding machines are noted for later
comparison with settings during production
seaming.

e All required samples for testing are collected and
labeled.

e Samples are of the specified width and length.

e Samples are allowed to cure for the specified
time period or cool to the specified temperature
before testing.

e Samples are tested at the specified speed.

e Testing equipment is calibrated as required by
the project specifications.

e Seam strengths for the trial seam meet the speci-
fied minimum values.

e Results of the seam strength tests are recorded.
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(7) Seaming methods
The appropriate methods for seaming depends on the
type of geomembrane material:

HDPE, LLDPE, fPP—The primary welding method
for these materials should be hot-wedge fusion weld-
ing. Dual-track welding is often specified to permit
non-destructive air pressure testing of the seams.
However, some practitioners prefer to use a single-
track weld with fPP to avoid weakening the seam by
loading it in peel. Fillet extrusion welding is used for
repairs, patches, caps, T-seams, and irregular areas.
Hot air fusion using a hand-held hot air gun can also
be used to repair fPP.

PVC—Seaming of PVC geomembranes can be per-
formed using hot wedge fusion welding, hot air fusion
welding, chemical fusion, and adhesives.

EPDM—An adhesive cover strip is typically used

to seam both reinforced and non-reinforced EPDM.
Alternatively, a double-sided inseam tape may be used
between both sheets in the seam overlap.

Seaming should not be performed except when the
ambient sheet temperature is in the range indicated in
table 10-1.

The inspector’s responsibilities related to seaming
methods include verifying:

e The correct seaming method for the liner mate-
rial is used.

Table 10-1 Minimum and maximum placement tempera-
s tures

Minimum Maximum ambient
ambient sheet sheet temperature
temperature °F

Liner material

P
HDPE, LLDPE 45 90
PP 45 90
PVC 40 140 *
EPDM 0 120

* Special precautions, as recommended by the manufacturer, should
be followed whenever the sheet ambient temperature is above 105
°F.

e Seaming is not performed whenever the ambient
sheet temperature is outside the specified range.

(8) Seaming procedures

Seaming should not be conducted in the presence of
moisture, dust, dirt, standing water, soft subgrade, or
other detrimental conditions. Seaming procedures
should be according to the liner manufacturer’s recom-
mendations and the project specifications. Seaming
should extend to the outside edge of the liner to be
placed in the anchor trenches. Each seam should be
labeled with installer initials, start and end times, ma-
chine settings, and date. If a geomembrane rub sheet
is used under the overlap to provide a more favorable
surface for seaming, then it should be removed after
the seaming operation is completed.

Hot wedge welding—Hot wedge welding is accom-
plished by a single- or dual-track wedge fusion welder.
The metal wedge is heated by an electric resistance
element. The dual track hot wedge weld provides an
open air channel between the parallel welds, which
can be pressurized with air to test seam continuity.
Welding equipment and accessories should be selected
and operated according to the liner manufacturer’s
recommendations. The welder should be calibrated

at least once per day at the beginning of the seaming
period.

Fillet extrusion welding—In fillet extrusion weld-
ing, a bead of molten polymer is placed along the
overlap of two geomembrane panels to join them
together. This method is used primarily for patches
and in poorly accessible areas such as around appurte-
nances and in sumps. Light grinding of the surfaces to
be extrusion-welded is required to expose unoxidized
polymer for the molten extrudate to bond to. Welding
should immediately follow grinding to avoid contami-
nation of the prepared surfaces by dust, dirt, water, or
other substances.

Hot air welding—Hot air welding is accomplished

by a single- or dual-track wedge welder equipped with
a hot air blower or by a smaller, hand-held hot air

gun. Welding equipment and accessories should be
operated in accordance with the liner manufacturer’s
recommendations. The welder should be calibrated

at least once per day at the beginning of the seaming
period. With the hand-held air gun, both surfaces in the
overlap are heated to the point of melting and immedi-
ately rolled with a hand roller to bond the two sheets
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together. The effectiveness of this method is highly
dependent on the skill and diligence of the installer.
There is a narrow window between applying too little
heat to fully melt the surfaces and too much heat so

that burn-through occurs.

Chemical fusion welding—The chemical fusion
agent is applied to the mating surfaces by a squeeze
bottle or paintbrush. The width of application should
be a minimum of 2 inches, or as recommended by the
manufacturer. Pressure should be applied to the seam
according to the liner manufacturer’s recommenda-
tions, typically by a hand roller, to ensure complete
contact and bonding between the two surfaces. Excess
agent extruded from the seam should be immediately

removed to prevent damage to the liner.

Adhesive—Adhesive should be approved by the
manufacturer and consist of material with a life expec-
tancy similar to that of the liner material. The adhesive
is applied to both panels by a paintbrush or other ap-
proved method. The adhesive should cover the entire
seam overlap. Pressure is applied to the seam accord-
ing to the liner manufacturer’s recommendations, typi-
cally by a hand roller, to ensure complete contact and
bonding between the two surfaces. Excess adhesive
extruded from the seam must be immediately removed

to prevent damage to the liner.

Inseam tape—Inseam tape is a double-sided tape that
is placed in the overlap between two adjacent panels
of liner material. The tape is installed as follows:

1. Apply liquid primer to both surfaces of the weld
with a scrub pad or other approved method rec-
ommended by the manufacturer.

2. As soon as the primer has flashed, remove the
peel-off tape backing from one side of the tape.

3. Place the exposed side of the tape on the bottom
sheet.

4. Remove the tape backing from the other side of
the tape.

5. Lap the top sheet over the tape.

6. Roll the seam with a hand roller using sufficient
pressure to ensure complete contact and bonding

between the tape and the two sheets.

Cover strip—The cover strip is applied on top of the
overlap between two adjacent panels and is centered
on the exposed edge of the overlap. Before applying
the cover strip, primer is applied to both panels by a
scrub pad or other approved method recommended
by the manufacturer. The solvent is applied to just
past the area on which the cover strip will be placed.
As soon as the primer has flashed, the cover strip is
installed and rolled with a hand roller using sufficient
pressure to ensure complete contact and bonding be-
tween and the tape and the liner. Evidence of priming
should be visible a short distance past the edges of the
installed cover strip. If not, the seam should be consid-
ered defective and marked for repair.

The inspector’s responsibilities related to seaming
procedures include verifying:

e The specified seaming method and equipment
are being used.

e Generators (with adequate extension cords) are
in place, fueled, and in good operating condition.

e All required materials and supplies are on hand
in sufficient quantities.

e The seaming equipment is calibrated as specified.

e The installer has performed a passing trial seam
at the specified frequency before production
seaming.

e The seam overlap before seaming is dry and
clean and that adequate overlap is provided.

e The seaming procedure is performed as speci-
fied.

e All seaming activities are documented, including
weather, equipment or personnel problems, and
any other factors affecting seam quality.

(9) Seam testing

Seam testing is required to verify seams do not leak
or to identify leaks that must be repaired. A detailed
description on seam testing is in 645.1002, Sampling
and Testing.

(10) Repairs

Repairs are required for normal installation processes,
such as seam intersections and holes for destructive
seam testing; damaged areas, including cuts, tears,
scratches, and burn-through; and manufacturing de-
fects and blemishes in the liner. Small, non-penetrating
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damage such as scratches, blemishes, and pinholes
may be repaired by a bead of extrudate from an extru-
sion welder (for appropriate liner types). Repair of
larger areas, such as leaks and failing seams, involve
patches or caps, where additional liner material is
welded over the damaged area. For large areas of
defective or highly damaged liner, full or partial panel
replacement may be necessary. Repairs may also be
required to correct other installation-related problems
such as large wrinkles, wind damage, “fish-mouth”
seams, and clamp damage.

Repairs involving seaming must comply with the proj-
ect requirements for seaming, including non-destruc-
tive seam testing (NDST) and destructive seam testing
(DST). The repair methods selected should be appro-
priate for the type of liner material, particularly re-
garding the seaming method. Repairs should be made
using the same material as the main liner. Corners of
the patching material should be rounded to facilitate
continuous seaming. Patches and caps should extend
the specified minimum distance (6 inches) beyond the
damaged area or seam.

Areas requiring repair should be identified and marked
throughout the project or at the final walkthrough.
Seams with insufficient overlap to permit seam testing
should automatically be marked for repair. Marking
should be done so as not to compromise the subse-
quent repair (for example, by painting on an area to be
seamed).

The inspector’s responsibilities related to repairs
include verifying:

e All areas needing repair are identified and
marked.

e Repairs are performed by the appropriate meth-
ods and by qualified personnel.

e Areas to be repaired are cleaned and prepared as
specified.

e Repairs are tested by the appropriate methods of
NDST and DST, as specified.

e Repair activities are observed and documented,
including on as-built sketches.

(11) Appurtenances

Liner appurtenances include pipe penetrations, sumps,
supports, manholes and other structural components.
Special care must be taken to provide water-tight
seams. Appurtenance details are designed to minimize
the potential for post construction settlement, which
can tear or otherwise compromise the liner. Therefore,
field changes to appurtenance details should be dis-
couraged; for example, fastening the liner to the top
instead of the side of a concrete wall for ease of instal-
lation. Non-corrosive materials, such as stainless steel,
are normally required for metal components, and the
substitution of other materials should not be allowed.
Other features, such as seepage collection systems and
gas venting systems should be installed as shown on
the drawings to ensure proper functioning,.

The inspector’s responsibilities related to appurte-
nances include verifying:

e All appurtenances are installed as shown on the
drawings.

e Specified materials are used for all pipes, boots,
skirts, embed channels, batten strips, and fasten-
ers.

e All NDST around appurtenances is observed and
documented.

e Thorough photo documentation is obtained.

(12) Covering geomembrane

Soil cover—Some geomembrane materials, such as
PVC, require covering with soil to protect the liner
from ultra-violet (UV) degradation. Placement of cover
soil has the potential for creating significant damage
to the liner that is not readily discernable. Therefore,
rigorous QA involvement is critical during this phase
of the installation.

Requirements for the cover soil regarding maximum
particle size and unsuitable materials are similar to
those for the subgrade material. The suitability of
proposed cover material should be verified before
placement begins. During placement operations, mini-
mum cover requirements, typically 12 inches, must

be observed. Thicker placement may be required for
haul roads and other high traffic areas or where larger
equipment will be used. The maximum size of the plac-
ing and spreading equipment is typically specified to
limit ground pressure and thereby avoid damage to the
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liner. Equipment operators should avoid any actions
that could damage the liner, such as abrupt starts or
stops and sharp turns.

Cover soil is typically placed and spread from the
bottom up to avoid stretching the liner. The material
should be spread such that it falls over previously
placed material onto the liner instead of being pushed
along the liner surface itself. Any visible displacement
of the liner during the placement operation, including
the creation of wrinkles, should be avoided or kept to
a minimum. Any signs of possible damage to the liner
should be investigated (for example, liner material
protruding from the soil surface). The actual thick-
ness of the cover soil should be verified by dig-downs,
exercising extreme care not to damage the liner. Liner
materials which are subject to UV degradation should
be covered within the specified time period.

The inspector’s responsibilities related to covering
geomembrane (soil cover) include verifying:

e (Cover soil meets the specified requirements.
e Minimum cover thickness is maintained.

e Specified equipment is used for placing and
spreading operations and is operated as specified
to avoid damaging the liner.

e Cover soil is placed and spread such that damage
to the liner is avoided.

e Signs of possible damage to the liner are investi-
gated.

e Liner is covered within the maximum time period
specified.

Concrete cover—Concrete may be installed over the
liner for ramps or other structures. Concrete features
are typically designed to minimize the potential for
damage to the geomembrane liner during installation
and operation of the facility and therefore should be
installed as shown on the drawings. An extra sheet

of geosynthetic material may be specified under the
concrete for additional protection. Concrete formwork
and reinforcing steel should be installed so as to avoid
damaging the liner. Flat-footed, plastic rebar chairs
should be used. Reinforcing steel should be fully

tied to prevent loose bars from puncturing the liner.
Concrete should be placed from the bottom up, and
concrete should not be allowed to slide down the liner

on sloped surfaces. Internal vibrators should be used
to consolidate the concrete rather than using metal
shovels or rodding.

The inspector’s responsibilities related to covering
geomembrane (concrete cover) include verifying—

e (Concrete cover is installed as shown on the
drawings.

e Forms, reinforcing steel, and concrete are in-
stalled in the manner specified.

e Damage to the liner is noted and repaired.

(c) Geosynthetic Clay Liner

Geosynthetic clay liner (GCL) consists of a layer of
powdered or granular bentonite encapsulated between
two layers of geosynthetic. Upon hydration, the ben-
tonite swells and forms a low permeability layer. An
additional layer of geomembrane may also be attached
on one side of the GCL for even lower permeability. A
minimum of 12 inches of cover soil is required on the
GCL to provide adequate confinement pressure dur-
ing the hydration process. If a GCL is allowed to swell
without confinement, the bentonite will have an unde-
sirably high permeability.

(1) Material
Liner material—GCL material requirements are given
in MS 595, Geosynthetic Clay Liner.

GCLs can be reinforced by needle-punching or they
can be non-reinforced. Non-reinforced GCLs have

low internal shear strength and are subject to slope
failures unless used on essentially flat surfaces. Rein-
forced GCLs have much higher internal shear strength
and are intended for use on slopes. In projects where
both reinforced and non-reinforced GCLs are used, it
is critical that they be installed only in the locations
specified.

The inspector’s responsibilities related to liner mate-
rial include verifying:

e All GCL materials and supplementary bentonite
for seaming meet the contract requirements.

e Reinforced and non-reinforced GCLs are clearly
identified and stored separately.

(210-VI-NEH, Amend. 79, July 2016) 10-15



Chapter 10 Geosynthetics

Part 645
National Engineering Handbook

Appurtenances—Appurtenances for GCL liners
include pipe penetrations, sumps, supports, manholes
and other structural components. All GCL materials
used with appurtenances should be of the same type
and quality as for the main liner. Granular bentonite
used to seal around penetrations and other structures
should be of the same quality as the bentonite in the
GCL. Non-corrosive materials, such as stainless steel,
are normally required for any metal components, and
the substitution of other materials should not be al-
lowed.

The inspector’s responsibilities related to appurte-
nances include verifying:

e Specified materials are used for all pipes, collars,
and other components.

(2) Storage and handling

Upon delivery to the site, the rolls of GCL should be
off-loaded and stored in a manner that does not dam-
age the rolls. Rolls of GCL are heavy and must be
handled with proper equipment to avoid damaging the
GCL or the equipment and creating a safety hazard.
Satisfactory equipment for handling GCL rolls includes
a core pipe and spreader bar or a forklift equipped
with a heavy-duty stinger. Polyester slings may also be
used for off-loading, if recommended by the manufac-
turer. Rolls should never be pushed off a truck and be
allowed to fall to the ground.

Upon delivery to the site, all materials should be
checked for damage, both to the GCL itself and to

the waterproof coverings on the rolls. Storage at the
project site should conform to the manufacturer’s
recommendations and provide a safe condition. GCL
rolls should be stacked no more than about four rolls
high. The storage area should be flat, dry, and stable.
The GCL materials should be kept dry at all times. Any
GCL material that becomes damaged beyond repair, in-
cluding by premature hydration, should be discarded.

The inspector’s responsibilities related to storage and
handling includes verifying:

e GCL materials are off-loaded and handled in a
manner that prevents damage to the GCL and
meets manufacturer’s recommendations.

e GCL materials are stored as recommended by the
manufacturer

¢ Any GCL materials that become damaged beyond
repair are not used.

(3) Subgrade preparation

The subgrade for the GCL should be smooth, dry, firm,
and unyielding. It must also be free of rocks, roots and
debris, and any materials that project more than 0.5
inches above the ground surface. Projections greater
than 0.5 inches present a puncture hazard for the GCL
and must be removed, crushed, or pressed into the
surface with a smooth-drum roller. GCL may be placed
on a frozen subgrade as long as it was prepared as
described before freezing.

The inspector’s responsibilities related to subgrade
preparation includes verifying:

e Subgrade is smooth, dry, firm, and unyielding
before deployment of the GCL liner.

e All unsuitable materials have been removed.

e No projections greater than 0.5 inches are pres-
ent.

(4) Placement

To avoid premature hydration, GCLs should not be ex-
posed to moisture before covered with soil. Therefore,
GCLs should not be unwrapped or placed when rain is
possible, and no more GCL should be placed in a day
than can be covered with soil the same day.

The GCL should be deployed in a manner that does not
damage it. Rolls should not be allowed to freely roll
down slopes or to unroll in an uncontrolled manner.
Typically a roll is held using a core pipe and a spreader
bar. The piece of equipment which supports the roll
can remain stationary while laborers manually unroll
and pull the material into place across the subgrade,
or the equipment can move in front of the placement
and allow the material to pay out as it goes. If the GCL
is dragged across the subgrade, a rub sheet should be
placed between the subgrade and the GCL to prevent
abrasion damage and be removed after the liner is
deployed.

The GCL should be placed, unless otherwise specified,
with the woven geotextile or gecomembrane side down,
and the nonwoven geotextile placed up. The panels

of GCL material should be installed in the orientation
specified, and the required overlaps should be pro-
vided between panels. Unless otherwise specified, ad-
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ditional granular bentonite (1 1b/2 ft?) is spread within
the overlap area to facilitate sealing of the seam. If
both reinforced and non-reinforced geomembranes
are used on a single site, then the non-reinforced type
should be used only in the areas where it is specifically
called for, typically on flatter areas with a slope no
steeper than about 10H:1V.

The upper end of the liner should be placed in an
anchor trench and secured by compacting the trench
backfill as specified.

Pipe penetrations and other appurtenances should be
installed as shown on the drawings or as described in
the project specifications. Special care must be taken
to provide a water-tight connection between the liner
and the appurtenances by providing the required over-
laps and other treatments as specified. Typically, an
extra collar of GCL is placed around the penetration
and sealed with granular bentonite or a compacted
soil-bentonite mixture. The intent of the treatment is
to have the extra bentonite swell and form a leak-tight
seal around and against the penetration.

The inspector’s responsibilities related to placement
include verifying:

e Proper placement techniques are used and pan-
els are oriented as specified.

e GCLis installed with the proper side against the
subgrade.

e Non-reinforced GCL materials are installed only
where specified.

e Subgrade is not damaged during placement
operations.

e Sufficient overlap is provided at seams between
adjacent GCL panels and that granular bentonite
is applied to the overlap area at the specified
rate.

e The anchor trench is installed as shown on the
drawings and the trench is backfilled and com-
pacted as specified.

e Pipe penetrations and other appurtenances are
installed as shown on the drawings.

(5) Repairs
Any damaged areas should be repaired with patches of
additional GCL material. All soil and other foreign ob-

jects should be removed from the area to be patched.
The patch should extend at least 12 inches past the
damaged area. Granular bentonite (at an application
rate of 1 Ib/ft2) is used to seal the overlaps. Contact
adhesive may be used to secure the patch to prevent
displacement during cover soil placement.

The inspector’s responsibilities related to repairs
include verifying:

e All damaged areas are patched as specified.

e Minimum overlap is provided on all patches and
granular bentonite is applied to the overlap at the
specified rate.

(6) Cover and protection

Soil—A minimum of 12 inches of cover soil is required
on all GCL liners to provide confinement during swell-
ing and to protect the liner both during cover soil
placement and during the service life of the liner. The
cover soil should not contain large or sharp rocks

or other materials that could damage the liner. The
specified maximum particle size should be observed,
typically about 1 inch in diameter, unless a cushioning
geotextile is provided over the GCL.

During placement operations, minimum cover require-
ments, typically 12 inches, must be observed. Equip-
ment operators should avoid any actions that could
damage the liner, such as abrupt starts or stops and
sharp turns. Compaction of the cover soil should be as
specified.

Concrete—If concrete is placed over the GCL liner,
care should be taken to prevent damaging the liner.
Puncture hazards, such as stakes and unsecured rein-
forcing steel, should be avoided. A protective layer of
geosynthetic may be used (for example, a nonwoven
geotextile). Formwork should be held in place in a
manner that prevents damaging the liner. If concrete is
placed on a slope, it should be placed from the bottom
up, and the consistency should be sufficiently stiff so
that it does not bulge or slump before hardening. Push-
ing or sliding plastic concrete across the liner should

be avoided.

The inspector’s responsibilities related to cover and
protection include verifying:

e (Cover soil meets the specified requirements.
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Cover soil is placed to the minimum depth as
specified.

At least 12 inches of cover soil is provided in all
traffic areas.

Cover soil is compacted as specified.

Concrete is placed as specified.

645.1002 Sampling and Testing

Sampling and testing required when inspecting the
installation of geosynthetics is required to verify speci-
fication compliance of the:

e Geosynthetic materials

e Surface onto which the geosynthetic materials
are to be placed

e Seams

The QA inspector is not required to sample or test the
geosynthetic materials; this is done by the manufac-
turer and/or contractor as part of their quality control
program.

The surface onto which the geosynthetic materials

are to be placed may be tested to verify the specified
density requirements have been met. Sampling and
testing to verify compliance with density requirements
is described in NEH645.07, NEH645.08, or NEH645.11,
as applicable.

(a) Geotextile seams

For geotextiles that are joined by field seaming, a
representative seam sample can be tested accord-

ing to ASTM D4884 to determine its tensile strength.
The test must be done by a qualified laboratory with
specialized equipment. The inspector’s job is to verify
that a representative sample of the seam is provided
to the laboratory. When seam sampling is required, the
sample should be obtained and sent to the laboratory
by the quality control inspector. The quality assur-
ance inspector may also obtain a sample and have it
tested as part of the quality assurance requirements;
however, quality control sampling and testing is usu-
ally sufficient to verify compliance. It is best to obtain
a sample from the end of the seam if it appears the
sample is representative of the seams over the entire
seamed area. More than one sample may need to be
tested if there is a reason to believe some seams are
weaker than others. Changes in equipment, thread, or
operator could affect the strength of a seam.
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(b) Geomembrane seams

Both non-destructive and destructive tests are em-
ployed for testing the geomembrane seams.

(1) Non-destructive test methods
Non-destructive seam testing (NDST) is a way of docu-
menting that a seam is continuous or has leaks, with-
out damaging the seam or the liner. All seams should
be tested by appropriate non-destructive methods
before destructive seam testing. NDST generally does
not correlate directly to seam strength, with the possi-
ble exception of air testing of fusion welded PVC. The
most common forms of NDST include the air pressure
test of double-track fusion welded seams, the vacuum
box test, and the air lance test.

(2) Air pressure test—ASTM D5820

In the air pressure test, the unwelded air channel be-
tween two parallel fusion welded seams is pressurized
with air to test for continuity of the two seams. This
method of NDST is applicable to all geomembrane
types that can be dual-track wedge welded, includ-

ing HDPE, LLDPE, fPP, and PVC. Some practitioners
prefer not to use this test method on fPP because of its
flexibility and because the test puts the seam in peel.

The test procedure is as follows:

1. Seal off both ends of the channel being tested.

2. Connect an air pressure gage directly to one end
of the air channel.

3. Connect an air pump to the pressure gage and
pressurize the air channel to within the appropri-
ate pressure range for the geomembrane type.

4. Observe the pressure in the channel for at least 5
minutes.

5. A pressure drop in excess of the maximum al-
lowable drop indicates a leak, which should be
located and repaired.

6. If the pressure does not drop below the maxi-
mum allowable value, then the pressure is re-
leased at the end of the channel opposite the
pressure gage. If the air rushes out and there is a
sudden pressure drop at the gage, then the en-
tire length of the channel has been tested. If not,
the channel is subdivided and retested until the
blockage is located and the entire channel has
been tested.

The test pressure range by liner material is shown in
table 10-2. The maximum allowable pressure drop by
liner material is shown in table 10-3.

(3) Vacuum box test—ASTM D5641

The vacuum box test is performed by creating a differ-
ential pressure across a seam and looking for bubbles
in a film of a foaming solution over the low pressure
side within the vacuum chamber. Bubbles indicate
that air is being sucked through a leak in the liner into
the vacuum box. The vacuum box apparatus consists
of a box with clear top that is connected to a vacuum
pump. A strip of compressible foam is attached around
the bottom opening of the box to facilitate making an
air-tight seal against the liner. The clear top of the box
must be kept clean. This test is quite time consum-

ing and is generally used only where other methods
are not practical, such as in irregular areas or around
repairs and appurtenances. Vacuum box testing is not
used with PVC because of its high flexibility.

The test procedure is:

1. Apply foaming solution to the area of seam to be
tested.

2. Press the box against the liner over the section of
seam to be tested.

Table 10-2 Test pressure range by liner material
—

Liner material Test pressure range (1b/in2)

HDPE, LLDPE, fPP 25-30
PVC (30 mil) 15-25
PVC (40 mil) 20-30

Table 10-3 Maximum allowable pressure drop by liner
s material

Liner material Maximum allowable pressure

drop (Ib/in?)
HDPE, LLDPE, fPP 4
PVC (30 mil) 5
PVC (40 mil) 4
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3. Energize the vacuum pump.

4. A minimum vacuum of 4 to 8 psi should be main-
tained for at least 10 seconds.

5. Observe for bubbles along the seam.

6. Vent the vacuum from the box before removing
the box from the seam.

7. Mark any leaks for repair.

(4) Air lance test—ASTM D4437

In the air lance test, high-pressure air is blown into
the seam to check for loose, weak, or unbonded areas.
The air lance test is generally used only with the more
flexible materials such as PVC, fPP, and EPDM. The
nozzle is 3/16-inch in diameter, and the minimum noz-
zle pressure is 50 pounds per square inch. Excessive
pressure may damage both the seam and the liner and
should be avoided. The nozzle should be held no more
than 2 inches from the seam. Walking slowly along the
entire length of the seam, the operator aims the nozzle
perpendicularly into the seam. Defective areas may
produce a whistling, flapping, or fluttering sound, vis-
ibly separate, or even balloon out. Failed areas should
be marked for repair and not simply rerolled.

This test is highly dependent on the operator’s skill
and attentiveness. Since no measurements or other
records are produced, the QA inspector is encouraged
to be present during air-lance testing.

The inspector’s responsibilities related to non-destruc-
tive seam testing include verifying:

e 100 percent of the total seam length is tested by
NDST methods.

e Prescribed cooling or curing time is observed
before NDST begins.

e NDST is performed according to the appropriate
ASTM standard, using the specified equipment
and procedures.

e NDST is observed and the results documented.

e Defective or failed seams are marked for repair.

(5) Destructive test methods

Destructive seam testing (DST) involves removing a
portion of a completed seam for destructive testing

to quantitatively determine the seam strength in both
shear and peel. The test results are compared with the

specified minimum values to determine compliance or
non-compliance of the seam. In addition to the seam
strength (load to produce failure), these properties

are also reported from DST: material elongation (at
failure), separation percentage (separated area in weld
expressed as a percentage of the total weld area), and
locus-of-break (failure mode of specimen).

Samples for destructive testing are taken at the fre-
quency specified in the project specifications, typi-
cally every 500 linear feet of seam. The samples for
DST may be taken at any location within the specified
interval, at the discretion of the QA inspector. DST

is targeted toward areas where lower seam quality is
suspected, either because of problems experienced
during seaming or from the results of the NDST. Sam-
pling should normally be avoided in sensitive or hard-
to-repair locations where sampling could cause more
harm than good.

The size of the samples for DST should be as speci-
fied in the project specifications so that adequate test
specimens will be available for all parties doing test-
ing (including installer, owner, regulator, and archived
samples). DST should be considered a complement to,
not a substitute for, periodic QC testing (end-coupon
testing) performed by the installer to verify seam qual-
ity as seaming progresses. If failing tests occur, then
tracking is required in both the forward and backward
directions to positively identify the failing area.

DST should be tempered by the consideration that

it creates a hole in the finished liner that must be
patched, possibly by an inferior seaming method such
as extrusion welding. To limit the number of holes cut
in the liner for DST, a common strategy is to take DST
samples in less-critical locations, such as in the anchor
trench, and/or to rely on the results from trial seams.
However, to ensure accountability on the part of the
installer, the QA inspector should not preemptively
limit DST to these locations only. The QA inspector
should be ready to exercise the contractual right to
take DST samples from any location at their discre-
tion. As a rule, QA should never rely solely on NDST.

The inspector’s responsibilities related to destructive
seam testing include verifying:

e Sampling locations for DST are selected and
marked.
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e Samples for DST are taken at the specified fre- |
quency and location and meet the specified size 645.1003 Records and Reports
requirements.

e Sample information, including date, time, loca-
tion, personnel, and equipment, is fully docu-
mented.

The daily diary or conservation assistance notes are to

be used to record and report activities related to the

installation of geosynthetics. Appendix B contains ex-

¢ Prescribed cooling or curing time is observed amples of job diary entries for installing geosynthetics.
before performing any field testing.

e Field testing is observed and the results docu-
mented.

e All parties doing testing receive the specified
number of test specimens.

e All specimens are appropriately marked, pre-
pared, and packaged for shipping to the testing
locations.

e All specified tests are performed and reported.

e DST results are reviewed and appropriate follow-
up made.

e Failing areas are positively bounded by obtaining
passing tests in both directions from the failed
area.

(6) Geosynthetic Clay Liner Seams
There are no tests for geosynthetic clay liner seams.
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