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SECTI ON 33 56 19

FUEL | MPERVEABLE LI NER SYSTEM
05/15

NOTE: This gui de specification covers the

requi renents for a fuel inperneable |iner system

i ntended to serve a diked tank enclosure (petrol eum
applications only). The liner systemtypically
consists of a conbination of a geonenbrane (to
provide liquid tight containnent) and geotextile (to
protect the geonenbrane). This specification

i ncludes requirements for two types of geonenbrane:
Non-rei nforced (HDPE - hi gh-density pol yet hyl ene)
and fabric reinforced (FM. - flexible nenbrane
liner). Non-reinforced (HDPE) is only acceptable
for use where conpletely covered with a nateri al
(concrete, aggregate, etc) to avoid the effects of

t hermal expansion from tenperature change,
degradation from WV |ight and environnmental stress
cracking.

For liner to be installed under tank bottons, see
UFGS 33 56 21.18 SINGLE WALL POL TANK UNDERTANK
| NTERSTI TI AL SPACE

Adhere to UFC 1-300-02 Unified Facilities Guide
Speci fications (UFGS) Fornmat Standard when editing
this gui de specification or preparing new project
specification sections. Edit this guide
specification for project specific requirenents by
addi ng, deleting, or revising text. For bracketed
itens, choose applicable iten(s) or insert
appropriate information.

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

Conment s, suggestions and reconmmended changes for
this gui de specification are wel cone and shoul d be
submtted as a Criteria Change Request (CCR).

kkkkkkkkkkkkkkkkkkkkkkhkhhkhkkkkkkkkkkkkhkhhkkkkkkkkkkkkkkhkhkhkk
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PART 1 GENERAL
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NOTE: Coordi nate specific dike and liner
installation requirenents with the |atest published
version of UFC 3-460-01.

*% *% *% *% *% *% *% *% *% *% *% *% *%%

1.1 MEASUREMENT AND PAYNMENT

*% *% *% *% *% *% *% *% *% *% *% *% *%%

NOTE: Delete this paragraph when | unp sum bi ddi ng
is used.

*kkkkkkkkkkkkkkkkkkkkkkkkkkhhhhkkkkkkkkkkkkkhhkhkkkkkkkkkkkkhkhkhkhhkkkkkkkkkkk

Measure the total surface area in square nmeters feet covered by I|iner
system Final quantities will be based on as-built conditions. Allowance
will be made for liner systemin anchor and drai nage trenches; however, no
all onance will be nade for waste, overlap, repairs, or materials used for
the conveni ence of the Contractor. Liner systeminstalled and accepted by
the Contracting Oficer will be paid for at the respective contract unit
price in the bidding schedul e.

1.2 REFERENCES

kkkkkkkkkkkkkkkkkkkkkkkkkkhhkhkkkkkkkkkkkkhkhhkkkkkkkkkkkkkkhkhkhkhkhkkkkkkkkkkk

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
thi s paragraph by organi zation, designation, date,
and title.

Use the Reference Wzard's Check Reference feature
when you add a Reference ldentifier (RID) outside of
the Section's Reference Article to automatically

pl ace the reference in the Reference Article. Also
use the Reference Wzard's Check Reference feature
to update the issue 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.

kkkkkkkkkkkkkkkkkkkkkkkkkkhhkhkkkkkkkkkkkkhkhhkkkkkkkkkkkkkkhkhkhkhkhkkkkkkkkkkk

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 C920 (2018) Standard Specification for
El ast oneric Joint Seal ants

ASTM D1004 (2013) Initial Tear Resistance of Plastic
Fi Il m and Sheeting

ASTM D1505 (2018) Standard Test Method for Density of

SECTION 33 56 19 Page 4



ASTM

ASTM

ASTM

ASTM

ASTM

ASTM

ASTM

ASTM

ASTM

ASTM

ASTM

ASTM

ASTM

ASTM

ASTM

ASTM

D1603

D2136

D3776/ D3776M

D3895

D413

D4218

D4437/ D4437M

D4533

D4632/ D4632M

D4833/ D4833M

D5199

D5261

D5397

D5596

D5641/ D5641M

D5721

Pl astics by the Density-G adi ent Techni que

(2014) Carbon Black Content in Aefin
Plastics

(2002; R 2012) Coated Fabrics -
Low Tenper at ure Bend Test

(2009a; R 2017) Standard Test Methods for
Mass Per Unit Area (Weight) of Fabric

(2014) Oxidative-Induction Tinme of
Pol yol efins by Differential Scanning
Calorimetry

(1998; R 2017) Standard Test Methods for
Rubber Property - Adhesion to Flexible
Substrate

(2015) Determ nation of Carbon Bl ack
Content in Polyethyl ene Conpounds by the
Muf f| e- Fur nace Techni que

(2016; R 2018) Standard Practice for
Non-destructive Testing (NDT) for
Determining the Integrity of Seans Used in
Joi ni ng Fl exi bl e Pol yneric Sheet
Geomembranes

(2011) Trapezoid Tearing Strength of
Geotextiles

(2015a) Grab Breaking Load and El ongati on
of Geotextiles

(2007; E 2013; R 2013) Index Puncture
Resi st ance of GCeotextiles, Geonenbranes,
and Rel ated Products

(2012) Measuring Nonminal Thickness of
Geosynthetics

(2010; R 2018) Standard Test Method for
Measuring Mass Per Unit Area of Geotextiles

(2019) Standard Test Method for Eval uation
of Stress Crack Resistance of Polyolefin
Geonenbr anes Usi ng Not ched Const ant

Tensi |l e Load Test

(2003; R 2016) Standard Test Method For
M croscopi ¢ Evaluation of the Dispersion
of Carbon Black in Polyolefin Geosynthetics

(2016) Standard Practice for Geonenbrane
Seam Eval uati on by Vacuum Chamnber

(2008; R 2013) Air-Oven Aging of
Pol yol ef i n Geonmenbr anes

SECTION 33 56 19 Page 5



ASTM

ASTM

ASTM

ASTM

ASTM

ASTM

ASTM

ASTM

ASTM

ASTM

ASTM

ASTM

ASTM

ASTM

D5820

D5884/ D5884M

D5885/ D5885M

D5893/ D5893M

D5994/ D5994M

D6241

D638

D6392

D6693/ D6693M

D696

D7238

D7466

D751

E228

(1995; R 2018) Standard Practice for
Pressurized Air Channel Evaluation of Dual
Seamed Geonenbr anes

(2004a; R 2015; E 2015) Standard Test
Met hod for Deternining Tearing Strength of
Internally Reinforced Geonenbranes

(2017) Standard Test Method for Oxidative
I nduction Tine of Polyolefin Geosynthetics
by H gh-Pressure Differential Scanning
Calorimetry

(2016) Standard Specification for Cold
Applied, Single Conponent, Chemically
Curing Silicone Joint Sealant for Portland
Cenment Concrete Pavenents

(2010; R 2015; E2015) Standard Test Method
for Measuring Core Thickness of Textured
Geomembranes

(2014) Standard Test Method for the Static
Puncture Strength of Geotextiles and
Geotextil e-Rel ated Products Using a 50-mm
Probe

(2014) Standard Test Method for Tensile
Properties of Plastics

(2012; R 2018) Standard Test Method for
Deternmining the Integrity of Nonreinforced
Ceonenbr ane Seans Produced Using

Ther nmo- Fusi on Met hods

(2004; R 2015; E 2015) Standard Test

Met hod for Determining Tensile Properties
of Nonrei nforced Pol yet hyl ene and

Nonr ei nf or ced Fl exi bl e Pol ypropyl ene
Geomembranes

(2016) Standard Test Method for
Coefficient of Linear Thermal Expansion of
Pl asti cs Between -30 degrees C and 30
degrees C Wth a Vitreous Silica

Dilatometer

(2006; R 2012) Standard Test Method for
Ef f ect of Exposure of Unreinforced

Pol yol efi n Geomenbr ane Usi ng Fl uorescent
WV Condensati on Appar at us

(2010) Standard Test Method for Measuring
Asperity Height of Textured Geonenbranes

(2006; R 2011) Coated Fabrics

(2017) Standard Test Method for Linear

SECTI ON 33 56 19 Page 6



Ther mal Expansion of Solid Materials with
a Push-Rod Dil at onet er

ASTM E96/ E96M (2016) Standard Test Methods for Water
Vapor Transnission of Materials

ASTM G152 (2013) Operating Open Flane Carbon Arc
Li ght Apparatus for Exposure of
Nonnetal lic Materials

ASTM G153 (2013) Operating Encl osed Carbon Arc Light
Appar atus for Exposure of Nonnetallic
Materials

1.3 SUBMITTALS

NOTE: Review subnmittal description (SD) definitions
in Section 01 33 00 SUBM TTAL PROCEDURES and edit
the following list to reflect only the subnmittals
required for the project.

The Guide Specification technical editors have
designated those itens that require Government
approval, due to their conplexity or criticality,
with a "G" GCenerally, other submittal itenms can be
reviewed by the Contractor's Quality Control

System Only add a “G to an item if the subnittal
is sufficiently inmportant or conplex in context of

t he project.

For subnmittals requiring Government approval on Arny
projects, a code of up to three characters within
the submittal tags nay 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.

The "S" following a submittal itemindicates that
the submittal is required for the Sustainability
eNot ebook to fulfill federally mandated sustai nabl e
requirenents in accordance with Section 01 33 29
SUSTAI NABI LI TY REPORTING. Locate the "S" submittal
under the SD nunber that best describes the
submttal item

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

kkkkkkkkkkkkkkkkkkkkkkkkkhkhkhhkkkkk kkkkkkkkkkkkkkkkkkkkkkhkhkhkhkkkkkk

CGovernment approval is required for subnmittals with a "G' designation;
submittals not having a "G' designation are for [Contractor Quality Control
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approval .][information only. Wen used, a designation following the "G
designation identifies the office that will review the submttal for the
Government.] Submittals with an "S" are for inclusion in the

Sustai nability eNotebook, in conformance to Section 01 33 29 SUSTAI NABI LI TY
REPORTI NG. Submit the following in accordance with Section 01 33 00

SUBM TTAL PROCEDURES:

SD- 02 Shop Dr awi ngs

Installation; ¢, [___ 1]
Liner Projections; ¢, [ 1]
As-Built Drawings; ¢, [ 1]

SD- 03 Product Data

Fabric Reinforced Geomenbrane Liner; ¢, [___ 1]

Non- Rei nf orced Snooth Geonenbrane Liner; C[, [___ 1]
Non- Rei nforced Textured Geonenbrane Liner; C[, [___ 1]
Nonwoven Geotextile; C[, [___ 1]

Liner Fittings; ¢, [____ 1]

Enbednent Strips; ¢, [____ 1]

Mounting Strip System G, [ 1]

Sealant; C[, [___ 1]

Per manent Sand Bags; C[, [___ 1]

Precast Concrete Pavers

Rock Bal | ast

Slip Resistant Wal king Surface

Manuf acturer's Warranty

Installer's Warranty
SD- 04 Sanpl es

Destructive Field Seam Test Sanple; C[, [___ 1]
SD- 05 Design Data

Wnd Uplift Calculations; C[, [___ 1]
SD-06 Test Reports

Trial Seam Logs

Non- Destructive Field Seam

SECTI ON 33 56 19 Page 8
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1

Destructive Field Seam

SD-07 Certificates

Fi el d Engi neer Qualifications

Installer Qualifications

Fabricator Certification

Li ner Manufacturer's Certification

Surface Preparation

SD- 08 Manufacturer's Instructions
Li ner Manufacturer's Installation Instructions
SD- 10 Operation and Mii ntenance Data

CGeonenbrane Liner; C[, [ 11
4  QUALI TY ASSURANCE
4.1 Mat eri al and Equi prent Qualifications
Provide material s and equi pnment that are standard products of a
manuf acturer regularly engaged in the manufacturing of such products, that
are of a simlar material, design and workmanship. Materials and equi pnent
must have been in satisfactory comercial or industrial use for a mninmm?2
years prior to bid opening. The 2 year period nust include applications of
the equi prent and materials under similar circumstances and of simlar
size. Materials and equi pnent nust have been for sale on the conmercial
mar ket t hrough advertisenents, manufacturers' catal ogs, or brochures during
the 2 year period. Products having less than a 2 year field service record
will be acceptable if a certified record of satisfactory field operation

for not |less than 6000 hours, exclusive of the manufacturer's factory
tests, can be shown.

. 4.2 Fi el d Engi neer Qualifications

*% *% *% *% *% *% *% *% *% *% *% *% *%%

NOTE: Include any | ocal regulatory requirenments
that rmust be met by the Contractor.

kkkkkkkkkkkkkkkkkkkkkkkkkhkhhhhkkkkkkkkkkkkhkhhkhkkkkkkkkkkkkhkhkhkhkkkkkkkkkkk

Provide a field engi neer who has successfully conpl eted manufacturer's
training on handling and installing of the fuel inpernmeable liner to be
installed. Denonstrate that the engineer has at | east one mllion square
feet of liner installation experience. Submt a letter providing evidence
of the field engineer's experience, training, and licensing. 1In regard to
the field engineer's experience, include in the submttal a point of
contact, a phone nunber, the address, the type of installation, and the
current status of each installation nmentioned.

.4.3 Installer Qualifications

The installer is responsible for field handling, deploying, seanng,

SECTI ON 33 56 19 Page 9



anchoring, and field Quality Control (QC) testing of the geonenbrane.
Denonstrate that the installer has installed the proposed geomenbrane
material for at least 5 conpleted projects and a total m ninum area of
[93,000] [___ ] square meters [1] | ] mllion square feet. At |east
one seaner nust have experience seaming a mninumof [46,500] [ ]
square nmeters [500,000] [__ ] square feet of the proposed geonenbrane
usi ng the sane type of seam ng equi pnent and sane geonenbrane specified for
this project.

.4.4 Factory Seans

*% *% *% *% *% *% *% *% *% *% *% *% *%%

NOTE: Factory seaming only applies to fabric

rei nforced geonenbranes which can be rolled or

fol ded after fabrication prior to shipping to the
project site for deploynent. Due to the stiff
nature of non-reinforced (HDPE) geonenbranes,
factory seam ng/fabrication is not possible.

*% *% *% *% *% *% *% *% *% *% *% *% *%%

Wer e possi bl e, use geonenbrane factory fabricated to project specific
panels in order to mnimze field seans. Fabricator nust conduct visua

i nspections on conpleted seans, as well as non-destructive and destructive
testing to verify conpliance with the seam strength requirenments stated in
Table [1][2][3]. Provide fabricator certification of factory seans,

i ncludi ng docurmentation of and results fromquality control testing
conducted.

.4.5 Li ner Manufacturer's Certification

Fol | owi ng the successful installation and testing of the liner, an

aut hori zed representative fromthe |iner manufacturer nust subnmit a letter
certifying that the liner installation and testing results are satisfactory
and that each neets the conpany's quality expectations and warranty. The
letter nust also certify that the liner installed is conpatible with and
recommend for use with the fuel to be stored. Include in the letter the
representative's nane, address, phone nunber, and qualifications for being
a manufacturer's representative.

.5 DESI GN REQUI REMENTS

*% *% *% *% *% *% *% *% *% *% *% *% *%%

NOTE: Include the foll owi ng paragraph where the
liner is intended to be |eft exposed without ful

coverage by concrete, aggregate, or other ball ast
material.

*% *% *% *% *% *% *% *% *% *% *% *% *%%

Provide certified engineering wind uplift calculations to determ ne
required placenment of pernmanent [sandbags] [precast concrete pavers]
[ ] based upon the proposed liner and ballast materials.

.6 DELI VERY, STORAGE, AND HANDLI NG
Handl e, store, and protect equipment and materials to prevent danmage before

and during installation in accordance with the manufacturer's
recomendat i ons, and as approved by the Contracting Oficer

SECTION 33 56 19 Page 10



1

6.1 Delivery

The QC inspector nust be present during delivery and unl oadi ng of the
geonenbrane. Label each geomenbrane roll/panel with the manufacturer's
nane, product identification nunber, roll/panel nunber, and roll/pane
dimensions.

.6.2 Storage

St ore geonenbranes and geotextiles elevated off of the ground and covered
to provide protection fromprecipitation, sunlight/ultraviolet |ight,
punct ur e/ abrasi on, undesirable chem cals (as reconmended by the

manuf acturer), and flanes/wel ding sparks. Storage in tenperatures between
32 degrees F O degrees C and 160 degrees F 71 degrees C, or as recomended
by the manufacturer. Storage nust not result in crushing the core of rol
goods or flattening of the rolls. Do not store rolls nore than two high
Store palleted nmaterials on | evel surfaces and not stacked on top of one
anot her. Renopbve damaged geonmenbrane fromthe site and replace with
geonenbrane that neets the specified requirenents.

.6.3 Handling

Do not drag, |ift by one end, or drop rolls and panels. Use a pipe or
solid bar, of sufficient strength to support the full weight of a rol

wi t hout significant bending but small enough to be easily inserted through
the core of the roll, for all handling activities. Link the ends of the
pi pe or bar to the ends of a spreader bar with chains. Use a spreader bar
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 equipnent may be used. Use a stinger bar at |east three-fourths
the length of the core and capabl e of supporting the full weight of the
roll wthout significant bending. |f recormmended by the manufacturer, a
sling handling nmethod utilizing appropriate |oading straps nay be used.

LT AMBI ENT CONDI T1 ONS

Do not deploy or field-seam geonenbrane in the presence of excess npisture
(i.e., rain, fog, dew), in areas of ponded water, or in the presence of

wi nds above 20km hr 12 nph. The relative humidity nust be |less than 80
percent, and tenperature above the dew point. Unless authorized by the
Contracting Oficer, do not attenpt placenent or seam ng at anbient
tenperatures below 5 degrees C 40 degrees F or above 40 degrees C 104
degrees F. Measure anbient tenperature at a height no greater than 150 nm
6 inches above the ground or geonenbrane surface. Seanming is only allowed
bel ow 5 degrees C 40 degrees F if recomended by the geonenbrane

manuf acturer and if destructive tests of trial seans at the proposed
tenperature neet the seam property requirenents listed in Table [1][2]]3].

. 8 WARRANTY

State in the manufacturer's warranty that the installed geonenbrane I|iner
is warranted for 10 years agai nst deterioration as installed for

contai nment of the intended liquid. State in the installer's warranty that
the geonenbrane liner won't fail due to inproper installation within 2
years.

SECTION 33 56 19 Page 11



PART 2 PRODUCTS

2.1 MATERIALS

NOTE: |Indicate on the draw ngs the exact type of
fuel that each liner systemw || be expected to
contain.

The liner types specified herein is conpatible with
a variety of fuels and liquids. Note that the Iiner
is specifically conpatible with Jet A JP-4, JP-5,
JP-8, diesel fuel, notor gasoline, kerosene, No. 2
Fuel G1, and No. 6 Fuel G1Il. [If any other fuel is
to be contained by the liner system specifically
coordinate with the |iner nmanufacturers for any

addi tional requirenments that nmay need to be added.

If nultiple liner systems are required, clearly
i ndi cate where each liner systemis required.

*kkkkkhkkk

*kkkkkkkkkkk kkkkkkkkkkkkkkkkkkkkkkhhkkkkkkkkkkkkkhkhkhkhkkkkkkkkk

2.1.1 Fabric Rei nforced Geonenbrane Liner

Provide a flexible, internally fabric reinforced geonenbrane liner that is
factory fabricated into widths that are designed to nminimize field
fabricated seanms. Make factory seans with a 50 mm 2 inch overlap plus or
mnus 6 mm 1/4-inch. Provide liner that, as a mninum neets the physica
properties in Table 1. Include liner's routine maintenance requirenents as

wel | as procedures for liner repair and troubl eshooting.
TABLE 1 - FABRI C REI NFORCED GEOMEMBRANE PROPERTI ES ( ENGLI SH)
PROPERTY TEST VALUE TEST METHOD
Overal | Finished 0.76 nmB0 mils ASTM D751 or ASTM D5199

Thi ckness (m ni mum

Base Fabric Materi al

aram d fibre, polyester,
or nylon

Base Fabric Wi ght
(minimum)

254 g/ m27.5 oz/yd2

ASTM D3776/ D3776M

Fabric Coating
Adhesi on (m ni num

2.6 kN L5 | bf/inch

ASTM D751 or ASTM D413

Tensil e Strength,
Grab (i nimum

2.67 kN 600 | bf in both
warp and fill directions

ASTM D751, Grab Test Method

Bursting Strength
(minimum)

3. 55 kN80O | bf

ASTM D751, Ball Tip Method

Hydrostatic
Resi stance (m ni mum

5515 kN 2800 psi

ASTM D751, Procedure A

Trapi zoi d Tearing
Strength (m ni mum

0.22 kN 50 | bf
warp and fill

in both the
di rections

ASTM D4533 or ASTM D751,
Trapazoi dal Tear Method

Puncture Strength
(minimum)

1.11 kN250 | bf

ASTM D4833/ D4833M

SECTI ON 33 56 19
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TABLE 1 -

FABRI C REI NFORCED GEOVEMBRANE PROPERTI ES ( ENGLI SH)

PROPERTY

TEST VALUE

TEST METHCD

Tearing Resistance
(minimum)

0. 53 kN120 | bf

ASTM D5884/ D5884M

Low Tenperat ure Bend
(minimum)

-34 degrees C- 30 degrees F

ASTM D2136

Vapor Transm ssion
(maximum)

3.78 m/n2 0.0119 oz/ft2
over 24 hours

ASTM E96/ E96M Procedure BW
Inverted Water Method, using
ker osene i nstead of water

Coef ficient of
Ther mal Expansi on
(maximum)

0. 000038 cnfcm degree C
0. 000021 in/in/degree F

ASTM E228 or ASTM D696

Weat heri ng Resi stance

No appreci abl e changes,
stiffening or cracking of
coating for a mninum of

ASTM G152 or ASTM G153

8000 hours
Bonded Seam Shear 2.33 kN525 | bf ASTM D751
Strength(minimum)
Bonded Seam Peel 88.9 N20 I bf ASTM D413
Strength (m ni mum
Dead Load Seam Shear 1110 N at 21 degrees C; ASTM D751

Strength (m nimum

555 N at 71 degrees C250
| bf at 70 degrees F; 125
| bf at 160 degrees F

2.1.2

Non- Rei nf orced Snoot h Geonenbrane Li ner

*kkkkkkkkhkhkkkkkkk

NOTE:

*kkk

avoi d t

kkkkkkkkhkkkkkkkkkkk

*kkkkkhkhkk

Non-r ei nf orced ( HDPE)

he effects of thernal

*kkkkk

is only acceptable for
use where conpletely covered with a nateri al
expansi on from

*kkkkkkk

to

t enperature change and degradation from UV |ight.

*% *% *% *% *% *% *% *% *% *% *%

*%

Provi de non-reinforced snooth geonmenbrane |iner of unreinforced high

density pol yet hyl ene (HDPE),

factory and field
t hi ckness,
to fungal

and surface texture.
or bacteri al

seans.

properties of Table 2.

manuf actured as wi de as possible to ninimze
Ceonenbr ane sheets nust be uniformin col or,

The sheets nust be free of and resistant
attack and free of cuts,
contami nants and ot her inperfections.

abr asi ons, hol es,

Make resin used in manufacturing geonenbrane sheets of virgin

uncont am nat ed i ngredi ents.
or trimmaterial
manuf act ure the geonenbrane sheets.

r ewor ked,

Al l

Use no nore than [10] |

_____ ] percent
in the formof chips or edge strips to
regrind, reworked, or trim

materi al s nust be fromthe same manufacturer and exactly the same

formul ati on as the geonmenbrane sheet bei ng produced.

Do not use post

consuner naterials or water-soluble ingredients to produce the

geonenbr ane.

For geonenbranes with plasticizers,
pl asticizers that are resistant to mgration.
reports and QC certificates for materials used in the manufacturing of the

geonenbr ane shipped to the site.
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TABLE 2 - SMOOTH HDPE GEOVEMBRANE PROPERTI ES ( ENGLI SH)
PROPERTY TEST VALUE TEST METHCD
Thi ckness (min ave) [1.50] [____ 1 mi60] ASTM D5199
[ 1 mls
Lowest i ndividual of 10 val ues -10 percent ASTM D5199
Density (mn) 0.940 g/ cc ASTM D1505
Tensil e Properties(1l)(mn ave) ASTM D6693/ D6693M
Type |V
Yield Strength/[22] [___ 1 kN nf126]
[ 1 1Iblin
Break Strength/[40] [___ ] kN ni228]
[ 1 1Iblin
Yield Elongation|[[12] [____ ] percent
Break El ongation[[700] [____ ] percent
Tear Resistance (mn ave) [187] [_____ 1 N42] ASTM D1004
[ 11b
Puncture Resi stance(m n ave) [480] [ ] N108] ASTM D4833/ D4833M
[ 11b
Stress Crack Resistance (2) [300] [____ ] hr ASTM D5397
(Appendix)
Car bon Bl ack Cont ent 2.0-3.0 percent ASTM D1603 (3)
Car bon Bl ack Di spersion Note (4) ASTM D5596
Oxidative Induction Tine (OT)(mn
ave)(5)
Std O T/100 min ASTM D3895
Hi gh Pres O T/400 min ASTM D5885/ D5885M
Oven Aging at 85 deg C 185 deg F (min ASTM D5721
ave) (5), (6)
Std A T|55 percent at 90 days ASTM D3895
or Hi gh Pres O T80 percent at 90 days ASTM D5885/ D5885M
WV Resistance (mn ave) (7) ASTM D7238
Hi gh Pres O T(8)(9)|50 percent at 1600 hours |ASTM D5885/ D5885M
Seam Shear Strength (min) Hot Wdge, [525] [____ 1 N25mm ASTM D6392
Hot Air, Utrasonic, Extrusion Fillet |[120] [___ ] Ib/in
(210)(12)

SECTION 33 56 19 Page 14




TABLE 2 - SMOOTH HDPE GEOVEMBRANE PROPERTI ES ( ENGLI SH)

PROPERTY TEST VALUE TEST METHCD
Seam Peel Strength (mn) Hot Wedge, [398] [____ 1 N25m91] |ASTM D6392
Hot Air, Utrasonic (10)(11)(12) [ 1 Iblin
Seam Peel Strength (mn) Extrusion [340] [____ 1 N25m 78] |ASTM D6392
Fillet (10)(11)(12) [ 1 1Iblin

(1) Base minimum average machi ne direction and mi ni mum average cross machi ne
direction values on 5 test specinens in each direction. For HDPE geonenbrane,

yield elongation is cal cul ated using a gauge length of 33 mm 1.3 inches. For HDPE
geomenbrane, break el ongation is cal culated using a gauge length of 50 nm 2.0 inches.

(2) For HDPE geonenbrane, use the manufacturer's nean value yield stress used to
calculate the applied load for test nmethod ASTM D5397 (Appendix).

(3) O her methods such as ASTM D4218 or microwave nethods are acceptable if an
appropriate correlation to ASTM D1603 can be established.

(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

(5) The manufacturer has the option to select either one of the OT nmethods to
eval uate the antioxidant content.

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

(7) The condition of the test must 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.

(8) Do not use the standard O T test ( ASTM D3895) in determ ning WV resistance.

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

(10) Seamtests for peel and shear nust fail in the Film Tear Bond nbde. 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.

(11) Were applicable, test both tracks of a double hot wedge seam for peel
adhesion.

(12) For five sanples tested, four nmust nmeet or exceed the given value, with the
fifth within 80 percent of the given val ue.

SECTION 33 56 19 Page 15




2.

1.3 Non- Rei nf orced Text ured Geonenbrane Liner

kkkkkkkkkkkkkkkkkkkkkkkkkhkhkhkkkkkkkkkkkkkhhkhhkkkkkkkkkkkkkhhhkkkkkkkkkkkkkkk

NOTE: Non-reinforced (HDPE) is only acceptable for
use where conpletely covered with a naterial to
avoid the effects of thernal expansion from
tenperature change and degradation from UV |ight.

Textured Geonenbrane shoul d be specified where
sl opes are 1V on 5H or greater, such as on sl oped
di kes.

*% *% *% *% *% *% *% *% *% *% *% *% *%

Provi de non-rei nforced textured geonmenbrane |iner conposed of unreinforced
hi gh density pol yethyl ene (HDPE), uniformin color, thickness, and surface
texture, manufactured as wi de as possible to mninize factory and field
seans. For slopes greater than or equal to 1V on 5H, texture sheets on
both faces. Provide textured surface features consisting of raw nmaterials
identical to that of the parent sheet material and uniformover the entire
face of the geonmenbrane. The sheets nust be free of and resistant to
fungal or bacterial attack and free of cuts, abrasions, holes, blisters,
contami nants and other inperfections. Provide |iner neeting the physica
properties of Table 3.

Use virgin uncontam nated ingredients resin in manufacturing geonenbrane
sheets. Use no nore than [10] [__ ] percent regrind, reworked, or trim
material in the formof chips or edge strips to manufacture the geonenbrane
sheets. The same nmanufacturer regrinds, reworks, or trins materials, using
exactly the sane fornul ati on as the geonenbrane sheet being produced. No
post consuner materials or water-soluble ingredients my be used to produce
t he geonenbrane. For geonenbranes with plasticizers, use only prinmary

pl asticizers that are resistant to mgration. Subnmit a copy of the test
reports and QC certificates for materials used in the manufacturing of the
geonenbr ane shipped to the site.

TABLE 3 - TEXTURED HDPE GEOVEMBRANE PROPERTIES ( ENGLI SH)

PROPERTY TEST VALUE TEST METHCD

Nomi nal Thi ckness [1.50] [___ 1 mmi60]

[___ 1 mls

Thi ckness (min ave) -5 percent of nomni nal ASTM D5994/ D5994M

Lowest individual for 8 out of -10 percent of nom nal ASTM D5994/ D5994M
10 val ues

Lowest i ndividual of 10 val ues -15 percent of nomi nal ASTM D5994/ D5994M

Asperity Height (min ave) (13) 0.25 nmmlO mls ASTM D7466 (14)

Density (mn) 0.940 g/cc ASTM D1505
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TABLE 3 - TEXTURED HDPE GEOVEMBRANE PROPERTIES ( ENGLI SH)

PROPERTY TEST VALUE TEST METHCD
Tensil e Properties(1l)(mn ave) ASTM D638
Type IV or
ASTM D6693/ D6693M
Yield Strength/[22] [___ ] kN nf126]
[ 1 1Iblin
Break Strengthl[16] [___ ] kN ni90]
[ 1 Iblin
Yield Elongation|[[12] [____ ] percent
Break El ongation|[100] [____ ] percent
Tear Resistance (mn ave) [187] [_____ 1 N42] ASTM D1004
[ 1 Ib
Puncture Resi stance(m n ave) [400] [____ 1 N90] ASTM D4833/ D4833M
[ 11b
Stress Crack Resistance (2) [300] [____ 1 hr ASTM D5397 (Appendi x)

Car bon Bl ack Content

2.0-3.0 percent

ASTM D1603 (3)

Car bon Bl ack Di spersion Note (4) ASTM D5596
Oxi dative Induction Time
(A T)(mn ave) (5)
Std O T/100 min ASTM D3895
or High Pres O T/400 min ASTM D5885/ D5885M
Oven Aging at 85 deg C 185 deg F ASTM D5721
(mn ave) (5), (6)
Std A T/55 percent at 90 days ASTM D3895
or Hi gh Pres O T80 percent at 90 days ASTM D5885/ D5885M
UV Resistance (mn ave) (7) ASTM D7238
Hi gh Pres O T(8)(9) 50 percent at 1600 hours ASTM D5885/ D5885M
Seam Shear Strength (min) Hot [525] [___ 1 N 25m 120] ASTM D6392
Wedge, Hot Air, Utrasonic, [ 1 Iblin

Extrusion Fillet (10)(12)
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TABLE 3 - TEXTURED HDPE GEOVEMBRANE PROPERTIES ( ENGLI SH)

PROPERTY TEST VALUE TEST METHCD
Seam Peel Strength (mn) Hot [398] [ 1 N25mf91] ASTM D6392
Wedge, Hot Air, Utrasonic [ 1 Iblin
(10)(11)(12)
Seam Peel Strength (mn) [340] [___ 1 N25m 78] ASTM D6392
Extrusion Fillet (10)(11)(12) [ 1 1Iblin

(1) Base nminimum average machi ne direction and m ni mum average cross nmachi ne direction
values on 5 test specinmens in each direction. For HDPE geonenbrane, yield elongation
is calculated using a gauge length of 33 mm 1.3 inches. For HDPE geonenbrane, break
el ongation is cal cul ated using a gauge length of 50 nm 2.0 inches.

(2) For HDPE geonenbrane, use the manufacturer's nean value yield stress to calcul ate
the applied |l oad for test method ASTM D5397 (Appendi x).

(3) O her nmethods such as ASTM D4218 or microwave nethods are acceptable if an
appropriate correlation to ASTM D1603 can be established.

(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

(5) The manufacturer has the option to select either one of the OT methods to
eval uate the antioxidant content.

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

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

(8) Do not use the standard O T test ( ASTM D3895) in determ ning WV resistance.

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

(10) Seamtests for peel and shear nust fail in the Film Tear Bond nbde. This is a
failure in the ductile node of one of the bonded sheets by tearing or breaking prior
to conpl ete separation of the bonded area.

(11) Were applicable, test both tracks of a double hot wedge seam for peel adhesion.

(12) For five sanples tested, four nmust nmeet or exceed the given value, with the
fifth within 80 percent of the given val ue.
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TABLE 3 - TEXTURED HDPE GEOVEMBRANE PROPERTIES ( ENGLI SH)

PROPERTY TEST VALUE TEST METHCD

(13) O 10 readings; 8 out of 10 nust be 0.18 nm 7 ml, and | owest individual reading
must be 0.13 nm5 ml.

(14) Alternate the neasurenent side for double sided textured sheet.

2.1.4 Nonwoven Ceotextile

*% *% *% *% *% *% *% *% *% *% *% *% *%%

NOTE: Include the foll ow ng paragraphs where a
geotextile is required above or bel ow the
geonenbrane |iner system Installation of a
geotextil e underneath the secondary contai nnent
liner is required if the subgrade is rough or sharp
in nature (i.e., sharp limestone or granite rock
rough gunnite, rough or exposed concrete aggregate,
etc.). Include the installation of a geotextile
above the secondary contai nnent |iner where the
liner is not left exposed to protect the liner from
cover materials and from equi pment during the

pl acenent of cover nmaterial.

*% *% *% *% *% *% *% *% *% *% *% *% *%%

Provi de a nonwoven, polypropyl ene, needl e punched geotextile fabric.

Provi de geotextile having the foll owi ng physical properties as a mnininmm

No substitute nethods are allowed for verification of any property.
2.1.4.1 General Properties

Retard the gromh of nildew and be conpatible with the soil in contact.

2.1.4.2 Nom nal Unit Wei ght

Provide a nominal unit weight of 407 g/n2 12 oz/yd2 as neasured in
accordance with ASTM D5261

2.1.4.3 Grab Tensile Strength

Provide a mninumgrab tensile strength of 1335 N 300 | bf when tested in
accordance with ASTM D4632/ D4632N

2.1.4.4 Grab Tensil e El ongation

Provide a minimumgrab tensile elongation of 50 percent when tested in
accordance with ASTM D4632/ D4632N

2.1.4.5 Puncture Strength
Provide a m ni mum puncture strength of 620 N 140 | bf when tested in

accordance with the pin strength nmethods of ASTM D4833/D4833l, or 3.56 kN
800 | bf when tested in accordance with the CBR nethods of ASTM D6241.
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2.1.4.6 Trapezoid Tear Strength

Provide a mnimum trapezoid tear strength of 512 N 115 | bf when tested in
accordance with ASTM D4533.

2.1.4.7 Utraviolet (UV) Resistance

Mai ntain 70 percent of its original strength after 500 hours of testing in
accordance with ASTM D7238.

2.2 ACCESSORIES

2.2.1 Li ner Fittings
Provide liner fittings (for exanple, boots and sleeves) that are factory
prefabricated conmponents produced fromthe sanme manufacturer that produces
the fuel inperneable |iner and having the sane fabrication characteristics
as the liner.

2.2.2 Enbednent Strip
Provi de enbednent strips for attachment to new cast-in-place concrete
structures by the same manufacturer as the geonenbrane, and nade of the

same materials as the geonenbrane to be used or otherwi se be certified by
the manufacturer for use with the geonenbrane.

2.2.3 Batten / Mounting Strip System

*% *% *% *% *% *% *% *% *% *% *% *% *%%

NOTE: Show nounting strips around the perineter of
liner termnations on existing or precast concrete
structures. The strips prevent the nut on the
concrete anchor from penetrating and damagi ng t he
liner.

*% *% *% *% *% *% *% *% *% *% *% *% *%%

Provide [mininum5 mm 1/4-inch thick by 50 mqm 2 i nches wi de stainless
steel] [or] [mininum9 mm 3/8-inch thick by 50 mm 2 i nches wi de al uni num
mounting strips. Provide pre-punched bolt holes in the strip at maxi num
300 nm 12 inches on center to accompdate the concrete anchor bolts.

2.2.3.1 Gasket
Provide a nmininmum 6 nm 1/4-inch thick by 50 nm 2-inches wide nitrile gasket
on one or both sides of the geomenbrane as recommended by the geomenbrane
manuf acturer at nounting strip locations to seal and protect the
geonenbrane fromthe concrete and the nounting strip.

2.2.3.2 Concrete Anchor Bolts
Use mininmum 9 mm 3/8-inch di aneter mechani cal wedge-type concrete anchors,
constructed of type 304 or 316 stainless steel. Provide nuts, washers, and
ot her accessories of the same nmaterial s.

2.2.4 Sealant
Use seal ant conform ng to ASTM C920, Type S, Grade NS, Cass 25 or better,

or ASTM D5893/ D5893N, Type NS, or other seal ant recomended by the
geonenbr ane manufacturer. Seal ant used nust be conpatible with the
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mat eri al being stored, as recomended by the seal ant manufacturer.

.2.5 Tenporary Ball ast

Tenporary ball ast used during geonmenbrane installation may include
sandbags, tires, or other material as recommended by the geonenbrane
manuf acturer. Use non-abrasive material, free of sharp edges or other
features that nmay damage the geonenbrane |iner

.2.6 Per manent Bal | ast

Provi de permanent ballast as indicated [bel ow.

*kkkkkkkkkkkkkkkkkkkkkkkkkkhhhhkkkkkkkkkkkkkhhkhkkkkkkkkkkkkhkhkhkhhkkkkkkkkkkk

NOTE: Sel ect permanent ballast naterials fromthe
following section. Delete options that are not
desired on this project. |If alternate ball ast
materials are desired, include specific

requi renents, and ensure that the proposed materi al
provi des adequate ballast w thout danagi ng the
geonenbr ane |iner.

kkkkkkkkkkkkkkkkkkkkkkkkkhkhhhhkkkkkkkkkkkkhkhhkhkkkkkkkkkkkkhkhhkhhkhkkkkkkkkkk

2.2.6.1 Sand Bags

2.

kkkkkkkkkkkkkkkkkkkkkkkkkkhhkhkkkkkkkkkkkkhkhhkkkkkkkkkkkkkkhkhkhkhkhkkkkkkkkkkk

NOTE: Suggest bags be filled with dry, clean sand
however if sand is not readily available at the
project site, then require the bags to be filled

wi th anot her nore indigenous naterial. The material
sel ected shoul d not have any sharp points or edges.

kkkkkkkkkkkkkkkkkkkkkkkkkhkhhkhkhkkkkkkkkkkkkhkhhkhkhkkkkkkkkkkkkhkhhkhhkkkkkkkkkkk

Per manent sand bags fabricated of the same material as the liner. Provide
approximately 23 kg 50 Ibs of [dry, clean sand] [ ] inside of each

bag. Conpletely seal each bag using the sane field seam wel d procedures
used on the liner's field seans.

.2.6.2 Precast Concrete Pavers

Provi de precast concrete pavers that have a snooth finish with rounded
edges where in contact with the liner and are free of sharp points or
protrusions that may danage t he geonenbrane |iner

.2.6.3 Cast in Place Concrete

Provi de concrete cover over the contai nnent geonenbrane in accordance with
Section 32 13 15.20 CONCRETE PAVEMENTS FOR CONTAI NVENT DI KES.

.2.6.4 Rock Bal | ast

Provi de rock ball ast consisting of clean, well graded river rock or cobble
stone, sized 3.81 cmto 7.62 cm1-1/2 inch to 3 inch. Use rock free of
sharp points, protrusions, or edges.

2.7 Slip Resistant Wal king Surface

*kkkkkkkkkkkkkkkkkkkkkkkkkhkhhkhkkkkkkkkkkkkkhhkhkkkkkkkkkkkkhkhkhkhkhkkkkkkkkkk

NOTE: I nclude the foll ow ng paragraph where the
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liner is intended to be |eft exposed w thout ful
coverage by concrete, aggregate, or other ball ast
material . The design draw ngs should indicate the

pat hways where non-slip surfaces are required

*% *% *% *% *% *% *% *% *% *% *% *%%

Provi de an additional |ayer of geonenbrane with an integral slip-resistant
coating or sprayed on slip-resistant coating for slip resistant wal ki ng
surfaces. Weld additional geonenbrane |ayers to the base geonenbrane. Use
pprayed on coatings recommended by both the geomenbrane and coating
manufacturer for conbined use and adhesi on.

.3 EQUIPMENT

Utilize equipnment in performance of the work in accordance with the
geomenbrane manufacturer's recommendations and maintain in satisfactory
wor ki ng condi tion.

PART 3 EXECUTI ON

3.

1 INSTALLATION

Make equi pnent/parts subject to degradation or requiring adjustnent,

i nspection or repair accessible and capabl e of convenient renoval. Prior
to any fabrication or erection, subnmt detailed installation draw ngs that
show t he proposed panel |ayout of the liner over the entire contai nment
area. As a mininmum indicate the direction and |ocation of factory and
field fabricated seans, the termination of the panels at the perineter of
lined areas, details and nethods of sealing around penetrations, details
and nethods for anchoring, [placenment of pernmanent [sandbags]|[precast
concrete pavers] [ ] for ballast, Jand any applicable site specific
installation instructions.

1.1 Fi el d Engi neer

Provide a field engineer to supervise the conplete installation of the
liner and performeach liner inspection and test.

1.2 Surface Preparation

*% *% *% *% *% *% *% *% *% *% *% *% *%%

NOTE: Include the bracketed sentences if a
geotextile is required beneath the geonenbrane for
t he project.

kkkkkkkkkkkkkkkkkkkkkkkkkkhhkhkkkkkkkkkkkkhkhhkkkkkkkkkkkkkkhkhkhkhkhkkkkkkkkkkk

Prepare surfaces in accordance with Section 31 00 00 EARTHWORK.  Surfaces
to be covered nust be free of vegetation, gravel, rocks, debris, etc.,
graded true, conpacted, and be snoboth with no abrupt projections. |
Install the geotextile in direct contact with the existing subgrade to be
covered. Install the geotextile in strict accordance with manufacturer's
recommendations. Install geotextile to closely fit around projections (for
exanpl e, pipe penetrations, concrete foundations/pads, conduit
penetrations, etc.).] Submt a signed letter fromthe field engineer
prior to placing any geotextile or liner, that states the subgrade and
surface preparation were adequate and in accordance with the |iner

manuf acturer's reconmendati ons.
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3.

1.3 Anchor Trenches

Where an anchor trench is required, place it [610] [__ ] mnm[24] [___ ]
i nches back fromthe edge of the slope to be covered. Make the anchor

trench [600] [__ ] nmm[24] [__ ] inches deep and [300] [ ] mm[12]
[ ] inches wi de, unless otherw se recommended by the geonenbrane
manuf acturer. |f the anchor trench is excavated in cohesive soi

susceptible to desiccation, excavate only the anmount of anchor trench
required for placenment of geonmenbrane in a single day. Renove ponded water
fromthe anchor trench while the trench is open. Slightly round trench
corners to avoid sharp bends in the geonenbrane. Renove |oose soil, rocks
|larger than [13] [__ ] nm|[1/2] [ ] inch in dianeter, and any other
mat eri al which coul d danmage t he geonenbrane fromthe surfaces of the
trench. Extend the geonenbrane down the front wall and across the bottom
of the anchor trench. Backfill and conpact the anchor trench in accordance
with Section 31 00 00 EARTHWORK.

.1.4 Enbednent Strip Installation

Install enbednent strips in new cast-in-place concrete structures using
met hods and materials recommended by the enbednent strip/geomenbrane

manuf acturer. Extrusion weld all joints and intersections of enmbednent
mat eri al together or otherwi se join as recommended by the manufacturer to
provi ded a continuous surface for attachment of the geonenbrane. Fill any
hol es through the face of the enbed material resulting fromthe concrete
formi ng or placenment process with material recommended by the manufacturer

.1.5 Li ner Installation

See paragraph AVBI ENT CONDI TIONS. Place the liner over the prepared
surface in accordance with the liner manufacturer's installation
instructions. The procedures and equi prent used cannot el ongate, winkle,
scratch, or otherw se damage the geomenbrane, [geotextile, ]Jor the
under|ying subgrade. Place the liner in such a manner as to assure m ni num
handling and field seans. Use sand bags (or other manufacturer approved
means) to hold the lining down in position during installation. Do not
drag or slide materials, equipnent or other itens across the surface of the
liner at anytime. Do not allow personnel wal king or working on the Iining
to damage it. Replace or repair geonenbrane damaged during installation
Al'l ow adequate slack in the geomenbrane to prevent the creation of tensile
stress and avoid "tranpolining" or "bridging". Do not exceed a winkle
height to width ratio of 0.5 for installed geonenbrane. In addition,
geonenbrane wrinkles nmust not exceed 75 nm 3 inches in height. Cut and
repair winkles that do not neet the above criteria in accordance with

par agr aph REPAI RS

.1.5.1 Li ner Projections

Install lining sheets to closely fit around liner projections (for exanple,
pi pe penetrations, concrete foundations/pads, conduit penetrations, etc.).
Install and center manufacturer supplied sleeves/boots around |iner
projections in strict accordance with manufacturer's reconmendati ons.
Conpress the end of pipe sleeves to a pipe with a stainless steel band
clanp assenbly. For liner anchorage to precast or existing concrete,
install a batten / nmounting strip around the liner edge and nount with
concrete anchor bolts. Apply sealant to the perinmeter edge of exposed
liner to include the edge of sleeves/boots. For |iner anchorage to new
cast-in-place concrete, install an enbednent strip in the concrete using
met hods and materials recommended by the enbednent strip/geonenbrane
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manufacturer.
.2 FI ELD SEAM NG
. 2.1 Trial Seans

Make trial seans under field conditions on strips of excess geonenbrane.
Make trial seams each day prior to production seam ng, whenever there is a
change in seaning personnel or seamning equi prent settings, whenever
environnmental conditions change significantly (nore than 10 degrees 25
degrees), and at |east once every four hours, by each seamer and each piece
of seam ng equi pnent used that day. Collect and test trial seamsanples in
accordance with [ ASTM D6392 for non-reinforced liner] [or] [ASTM D751 and
ASTM D413 for fabric-reinforced liner]. Obtain one sanple fromeach tria
seam This sanple nust be at |east 450 mm|ong by 305 mm wi de 18 inches
long by 12 inches wide with the seamcentered |l engthwise. Cut ten random
speci nens fromthe sanple, 25.4 nm1 inch wide. Field test five seam

speci nens for seam shear strength and field test 5 seam speci nens for seam
peel adhesion. To be acceptable, 4 out of 5 replicate test speci nens nust
meet seam strength requirements specified in Table [1][2][3]. |If the field
tests fail to neet these requirenents, repeat the entire operation. If the
additional trial seamfails, do not use the seam ng apparatus or seamner
until the deficiencies are corrected by the installer and 2 consecutive
successful trial seans are achieved. Mintain logs of trial seans, which

i nclude date, tine, weather, seam ng personnel, seam ng equi pnent,

equi prent settings, and trail seamfield test results. Submit trial seam
logs following the conpletion of installation

. 2.2 Fi el d Seans

Seam panel s in accordance with the geonenbrane manufacturer's
recomrendations. Conply with the geonmenbrane nanufacturer's recommedation
for the overlap between panels bei ng seaned together; however, in no
overlap less than 50 mqm 2 inches. In sunps, corners and odd-shaped
geonetric locations, mninize the nunber of field seans. Extend seani ng

to the outside edge of panels. Conpact soft subgrades prior to seaning.
Provide a clean and free of noisture, dust, dirt, debris, markings, and
foreign material area at the time of seaming. Conpletely unroll and |ayout
adj acent |iner panel s/sheets before performng field seamwelds. Repair
fish mouths in seans.

.3 FI ELD QUALI TY CONTROL
. 3.1 Vi sual | nspection of Field Seans

Visually inspect each field seamto confirmthat the seans are tightly
bonded. Performthe inspection of a seamw thin 30 hours after the

manuf acturer's suggested application, curing, and cooling time. Repair and
re-inspect seans found to be defective in accordance with manufacturer's
recommendations.

.3.2 Non- Destructive Field Seam Testi ng

Perform non-destructive testing on all field seans over the full seam

| ength and on any other areas showi ng danage or other distresses.

Al 'l owabl e nmethods are stated below. Alternate methods approved by the
geonenbr ane manufacturer may be subnitted upon approval by the Contracting
O ficer. Subnmit non-destructive field seamtest reports follow ng the
conpletion of installation and prior to covering the geonenbrane |iner
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3.3.2.1 Li ner Vacuum Box Test

Perform a vacuum box test in accordance with ASTM D5641/ D5641N on each
field seam the area around the seans, and each |iner surface show ng
injury due to scuffing, penetration by foreign objects, or distress from
rough subgrade. |If the vacuum box test indicates a continuous stream of
bubbl es on repeated testing at the same |ocation, then the area being
tested is considered damaged and nust be repaired and retested. Perform
repairs in accordance with manufacturer's recomendati ons.

.3.2.2 Liner Air Lance Test

Performan air |lance test on seanms to detect an unbonded area in accordance
with  ASTM D4437/ D4437Nh. Performthe test using a nininmum 345 kPa 50 psig
jet of air regulated and directed through a 5 mm 3/16-inch di aneter

nozzle. Apply the jet of air to the lip of a seamin a near perpendicul ar
direction to the length of the seam Hold the nozzle a maxi nrumof 100 mMm 2
inches fromthe seamand travel at a rate of not to exceed 12 npm 40 fpm
Inflation of any section of the seamby the inpinging air streamis

i ndi cati ve of an unbonded area. Repair unbonded areas in accordance with
manuf acturer's recomendati ons and retest.

.3.2.3 Liner Air Pressure Test

Performair pressure testing in accordance with ASTM D5820. Upon
completion of the test, relieve pressure fromthe opposite end of the seam
being tested to verify continuity of the seam

.3.2.4 Li ner Point Stress Test

Wher e ot her non-destructive test nethods are not possible, perform point
stress testing in accordance with ASTM D4437/ D4437N

.3.3 Destructive Field Seam Testing

otain a mnimumof one destructive test sanple per [230] [ ] m[500]
[ ] feet of field seamat |ocations specified by the Contracting
Oficer. Recomended locations include the ends of seanms or anchor
trenches, so as to nininize the inpact of required repairs to the

geonenbr ane; however, final sanple locations will be determ ned by the
Contracting Officer. Sanple locations will not be identified prior to
seaming. Collect sanples a mnimumof 305 nm 12 inches wi de by 910 nm 36
inches long with the seamcentered lengthwise. Cit each sanple into two
equal pieces, with one piece retained by the installer for field testing
and the remaining destructive field seamtest sanple given to the
Contracting Oficer for QA testing and/or permanent record. Nunber each
sanpl e and cross reference to a field log which identifies: (1) pane
nunber; (2) seam nunber; (3) date and tine cut; (4) anbient tenperature
within 150 nm 6 i nches above the geonenbrane; (5) seam ng unit designation;
(6) nanme of seaner; and (7) seani ng apparatus tenperature and pressures
(where applicable). Field test in accordance with [ ASTM D6392 for
non-reinforced liner] [or] [ASTM D751 and ASTM D413 for fabric-reinforced
liner] . Cut ten 25 mm 1l inch wide replicate specinens fromthe installer's
sanple. Test five specinens for shear strength and 5 for peel adhesion
Jaw separation speed nust be in accordance with the approved QC manual. To
be acceptable, 4 out of 5 replicate test specinens nust neet the seam
strength requirenments specified in Table [1][2][3]. |If the field tests
fail, repair the seamin accordance with paragraph REPAIRS. Repair holes
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3.

for destructive seam sanples the sanme day they are cut. Submit destructive
field seamtest reports followi ng conpletion of installation and prior to
covering the geonmenbrane |iner.

.4 REPAIRS

Pat ch danaged areas, destructive testing areas, or other areas requiring
repair with the geonenbrane naterial. Round the corners of the patch

mat eri al and extend a m ni mum of 150 mm 6 inches in each direction fromthe
damaged area. Small holes or snags less than 6 nm 1/4 inch in dianeter may
be repaired by extrusion wel di ng where such process is approved by the
geonenbr ane manuf act urer

.5 PROTECTI ON AND BACKFI LLI NG

kkkkkkkkkkkkkkkkkkkkkkkkkhkhhkkkkkkkkkkkkkkkhhkhkkkkkkkkkkkkhkhhkhhkkkkkkkkkkk

NOTE: Retain the bracketed paragraph if the
geonenbrane liner is to be covered with pernmanent
bal | ast naterial, such as concrete or river rock

kkkkkkkkkkkkkkkkkkkkkkkkkkhhkkkkhkkkkkkkkkkhkhhkhkkkkkkkkkkkkhkhhkhhkkkkkkkkkkk

Prior to installation of permanent ballast material, the deployed
geonenbrane nust be in intimte contact with the underlying surface, with
no areas in sufficient tension to form"bridges" or "tranpolines"

M ni m ze waves/winkles in the geonenbrane prior to placenent of ball ast
materials; in no case allow winkles to fold over during placenent of
bal l ast materials.[ Install the cover geotextile in direct contact with
the geonmenbrane liner to be covered, in strict accordance with

manuf acturer's recomendations. Install geotextile to closely fit around
projections (for exanple, pipe penetrations, concrete foundations/ pads,
conduit penetrations, etc.). Cover the deployed and seaned geonenbrane
with the specified permanent ballast material within [14] [__ ] cal endar
days of acceptance. Do not drop ballast material onto the geomenbrane or
overlying geotextile froma height greater than 1 m3 feet. Push the

mat eri al out over the geonenbrane in an outward/ upward tunbling notion

Pl ace ballast material fromthe bottom of the slope upward.]

5.1 Bal | ast Pl acenent Equi prent

*kkkkkkkkkkkkhkkkkkkkkkkkkhkhhkhkkkkkkkkkkkkhkhhkhkhkkkkkkkkkkkhkhhkhhkhkkkkkkkkkk

NOTE: The use of construction equi pment on the

depl oyed geonenbrane shoul d be avoi ded as nuch as
possi ble to avoid potential damage. |nclude the
first bracketed option where geonenbrane is to be

| eft uncovered or where the covered contai nnent
areas are sufficiently small to allow placenent of
cover material utilizing equipnent positioned
out si de of the geonenbrane covered area, such as a
crane, backhoe, or concrete punp truck. Include the
second bracketed option where use of small equi prent
(skidl oader or simlar) for placenent of the cover
material is necessary.

*% *% *% *% *% *% *% *% *% *% *% *% *%%

[Place ballast material utilizing construction equipnent that is positioned
of f of the depl oyed geomenbrane. Do not drive construction equi prent on or
above the geonenbrane at any time.][ Equi pnrent with ground pressures |ess
than 50 kPa 7 psi may be used to place the ballast material over the
geonenbrane; do not drive equi pnent exceeding this pressure on the
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geonenbrane. Do not abruptly stop equi pnent placing ballast material, make

sharp turns, spin wheels, or travel at speeds exceeding [2.2] [

[5] [ ] nmph. Operate equipnent driving on the geonmenbrane on a cushion
| ayer of ballast material with a m nimumthickness of 150 mMm 6 in over the
geonenbrane; at no tinme operate equipnent directly on the geonenbrane or

geotextile.]

3.6 PERVANENT BALLAST

kkkkkkkkkkkkkkkkkkkkkkkkkhkhhkkkkkkkkkkkkkkhhhkhkhkkkkkkkkkkhkhhkhhkhkkkkkkkkkk

NOTE: Delete inapplicable ballast nmaterials.

*% *% *% *% *% *% *% *% *% *% *% *% *%%

.6.1 Sand Bags

kkkkkkkkkkkkkkkkkkkkkkkkkhkhhkkkkkkkkkkkkkkkhhkhkkkkkkkkkkkkhkhhkhhkkkkkkkkkkk

NOTE: For liners exposed to the el enments, show bags
to be pernmanently placed on top of the liner at
regularly spaced intervals in order to keep the
liner held down in the event of strong winds. A
typical location for such bags woul d be at the base
of a dike wall/berm

*% *% *% *% *% *% *% *% *% *% *% *% *%%

Det erm ne sand bag pl acenent and spacing by wind uplift cal culations as

specified in paragraph DESI GN REQUI REMENTS

.6.2 Precast Concrete Pavers

Det erm ne paver placenent and spacing by wind uplift calculations as
specified in paragraph DESI GN REQUI REMENTS. Install an additional

geonenbr ane under each paver, welded to the base geomenbrane

.6.3 Cast in Place Concrete

Pl ace concrete cover over containment geonenbrane in accordance with

Section 32 13 15.20 CONCRETE PAVEMENTS FOR CONTAI NMENT DI KES

.6.4 Rock Bal | ast

ayer of

Conpact rock ballast with two passes of a wal k-behind vibratory conpactor.

Provi de ball ast thickness[ as indicated][ 200 nm 8 inches for t

he

contai nment area floor][ and][ 150 nm 6 inches for di ke sl opes].

.7 SLI P RESI STANT WALKI NG SURFACE

*% *% *% *% *% *% *% *% *% *% *% *% *%%

NOTE: Include the foll owi ng paragraph where the
liner is intended to be |eft exposed w thout ful
coverage by concrete, aggregate, or other ball ast
material . The design draw ngs should indicate the
pat hways where non-slip surfaces are required

*% *% *% *% *% *% *% *% *% *% *%%

Install slip resistant wal king surface naterials [in the areas indicated]
[on top of dike slopes and between the di ke stairs and tank concrete apron].
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3.8 PRQIECT CLOSEQUT

Provi de As-Built Draw ngs which show the as constructed panel |ayout,
factory and field seam | ocations, penetrations, destructive field seam
testing location, and repair |ocations. Provide operation and mai ntenance
dat a package for the geonenbrane liner to include material cut sheets,
liner's routine naintenance requirenments as well as procedures for |iner

repair and troubl eshooti ng.

-- End of Section --
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