Copyright 2002 AIA
MASTERSPEC
11/02

Copyright 2002, The American Institute of Architects (AIA)

SECTION 02666 - POND AND RESERVOIR LINERS
Verify that Section titles referenced in this Section are correct for this Project's Specifications; Section titles may have changed.

PART 1 -  GENERAL

1.1 RELATED DOCUMENTS

A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and Division 1 Specification Sections, apply to this Section.

1.2 SUMMARY

A. This Section includes geomembrane liners[ and floating covers] for ponds and reservoirs.

B. Related Sections include the following:

List below only products and construction that the reader might expect to find in this Section but are specified elsewhere.

1. Division 2 Section "Dewatering" for removing ground water from subgrade to the extent required by liner manufacturer.

2. Division 2 Section "Earthwork" for soil materials and geotextiles.

Delete three subparagraphs below if no floating covers.

3. Division 2 Section "Subdrainage" for drain piping for floating covers.

4. Division 3 Section "Cast-in-Place Concrete" for perimeter concrete.

5. Division 15 Section "Sump Pumps" for drainage of floating covers.

1.3 DEFINITIONS

A. Plastics Terminology:  Refer to ASTM D 1600 for definitions of abbreviated terms for plastics not otherwise defined in this Section.

Retain abbreviations that remain after this Section has been edited.

B. CSPE:  Chlorosulfonated polyethylene.

C. EIA:  Ethylene interpolymer alloy.

D. EPDM:  Ethylene-propylene-diene terpolymer.

E. PE:  Polyethylene.

F. PP:  Polypropylene.

G. PVC:  Polyvinyl chloride.

1.4 PERFORMANCE REQUIREMENTS

A. Provide geomembrane liners[ and floating covers] that prevent the passage of water[ and gas].

1.5 SUBMITTALS

A. Product Data:  For the following:

Adjust list below to suit Project.

1. Sheets for geomembrane liners[ and floating covers].

2. Seaming adhesives, solvents, and extrusions.

3. Penetration assemblies.

4. Accessories for floating covers.

Delete first paragraph below if not required.

B. Shop Drawings:  Show fabrication and installation details for geomembrane liners.  Show panel layout, seams, penetrations, perimeter anchorage, [floating cover, ]and methods of attachment and sealing to other construction.  Differentiate between factory and field seams and joints.

C. Samples for Verification:  For each geomembrane panel, not less than one 12-inch (300-mm) seam length of factory-bonded sheets and one 12-inch (300-mm) seam length of field-bonded sheets.

Retain paragraph below if "Installer Qualifications" Paragraph is retained in "Quality Assurance" Article.

D. Installer Certificates:  Signed by manufacturers certifying that installers comply with requirements.

Retain paragraph below if "Manufacturer Qualifications" Paragraph is retained in "Quality Assurance" Article.

E. Manufacturer Certificates:  Signed by manufacturers certifying that products comply with requirements.

Coordinate first paragraph below with qualification requirements in Division 1 Section "Quality Requirements" and as supplemented in "Quality Assurance" Article.

F. Qualification Data:  For [Installer] [manufacturer].

G. Material Test Reports:  For each geomembrane panel material.

Retain paragraph above or below.

H. Material Certificates:  For each geomembrane panel material, signed by manufacturers.

Retain first paragraph below if Contractor is responsible for field quality-control testing.

I. Field quality-control test reports.

J. Maintenance Data:  For geomembrane liner[ and floating cover] to include in maintenance manuals.

K. Warranty:  Special warranty specified in this Section.

1.6 QUALITY ASSURANCE

Retain one of first three paragraphs below for critical applications or to suit Project.  Match choice to product selected.

A. Installer Qualifications:  Fabricator of products.

B. Installer Qualifications:  An employer of workers trained and approved by manufacturer.

C. Installer Qualifications:  An experienced installer who has specialized in installing work similar in material, design, and extent to that indicated for this Project and who is acceptable to geomembrane manufacturer.

D. Manufacturer Qualifications:  A firm experienced in manufacturing geomembrane liner[ and floating cover] panels similar to those indicated for this Project and with a record of successful in-service performance.

E. Source Limitations:  Obtain geomembrane liner panels, accessories, and required seaming materials, solvents, and adhesives through one source from a single manufacturer.

Delete paragraph below if Work of this Section is not extensive or complex enough to justify a preinstallation conference.  If retaining, coordinate with Division 1.

F. Preinstallation Conference:  Conduct conference at Project site to comply with requirements in Division 1 Section "Project Management and Coordination."

Delete subparagraphs below if not required.  If retaining, revise to include product-specific requirements.  Insert additional requirements to suit Project.

1. Inspect and discuss condition of substrate and other preparatory work performed by other trades.

2. Review structural load limitations.

3. Review limitations on equipment and Installer's personnel.

4. Review and finalize construction schedule and verify availability of materials, Installer's personnel, equipment, and facilities needed to make progress and avoid delays.

Coordinate first subparagraph below with Division 1 Section "Quality Control," and with "Source Quality Control" and "Field Quality Control" articles in this Section.  Expand requirements to suit Project.

5. Review required testing, inspecting, and certifying procedures.

6. Review existing and forecasted weather conditions and procedures for unfavorable conditions.

Insert agenda items below not listed in Division 1 Section "Project Management and Coordination."

1.7 PROJECT CONDITIONS

Coordinate this Article with "Warranty" Article.

A. Weather Limitations:  Proceed with installation only when existing and forecasted weather conditions permit placement and seaming of geomembrane liners[ and floating covers] to be performed according to manufacturers' written instructions and warranty requirements.

1.8 WARRANTY

When warranties are required, verify with Owner's counsel that special warranties stated in this Article are not less than remedies available to Owner under prevailing local laws.  Coordinate with Division 1 Section "Product Requirements."

A. Special Warranty:  Specified form in which geomembrane manufacturer, geomembrane liner[ and floating cover] manufacturer, and geomembrane liner[ and floating cover] Installer agree to repair or replace geomembrane liner[ and floating cover] that fail(s) in materials or workmanship or that deteriorate(s) under conditions of normal weather within specified warranty period.  Warranty does not include deterioration or failure of geomembrane liner[ and floating cover] due to exposure to harmful chemicals, gases or vapors, abnormal and severe weather phenomena, fire, earthquakes, floods, vandalism, or abuse by persons, animals, or equipment.

1. Failures include, but are not limited to, the following:

Three subparagraphs below are examples only; revise to suit Project.

a. Leaks in geomembrane liner[ and floating cover].

b. Defects in seams.

c. Cracks and holes in floating cover.

Verify available warranties for units and components and insert number below.

2. Warranty Period:  [One] [Five] [10] <Insert number> year(s) from date of Substantial Completion.

PART 2 -  PRODUCTS

2.1 MANUFACTURERS

See Editing Instruction No. 1 in the Evaluations for cautions about naming manufacturers and products.

A. Available Manufacturers:  Subject to compliance with requirements, manufacturers offering products that may be incorporated into the Work include, but are not limited to, manufacturers listed in other Part 2 articles.

Retain above for nonproprietary or below for semiproprietary specification.  Refer to Division 1 Section "Product Requirements."  In other Part 2 articles, retain either "Available Manufacturers" or "Manufacturers" as the title introducing each list of manufacturers.

B. Manufacturers:  Subject to compliance with requirements, provide products by one of the manufacturers listed in other Part 2 articles.

2.2 SHEET MATERIALS

A. General:  Provide impervious geomembrane liner[ and floating cover] fabricated from sheet material indicated and complying with specified product characteristics.

Retain one sheet material below or insert other geomembrane sheets to suit Project.  See Editing Instruction No. 2 in the Evaluations.

B. CSPE Sheet:  Formulated from CSPE for use in hydraulic structures and formed into uniform, flexible sheets.

Coordinate subparagraph and list below with Part 2 "Manufacturers" Article.  Retain "Available" for nonproprietary and delete for semiproprietary specifications.

1. [Available ]Manufacturers:

a. Burke Environmental Products; Div. of Burke Industries.

b. Melco Linings.

c. Stevens Urethane; Div. of JPS Elastomerics; Environmental Products Division.

d. Watersaver Company, Inc.

e. <Insert manufacturer's name.>

Revise subparagraph and associated subparagraph below if another construction is required.  Delete if not applicable.

2. Reinforcing Scrim:  One-ply polyester fabric totally encapsulated between two sheets.

Retain one of three options in subparagraph below or insert another construction.  Construction refers to weave, number of fibers per inch in perpendicular directions, and weight (denier) of filament fiber.

a. Construction:  [6 x 6 - 1000 d] [8 x 8 - 250 d] [10 x 10 - 1000 d].

Values in 11 subparagraphs below are examples that apply to some 45-mil (1.14-mm), reinforced, industrial-grade geomembranes manufactured by Burke and Stevens.  Revise or insert additional performance requirements to suit Project and geomembrane selected.

3. Nominal Thickness:  45-mil- (1.14-mm-) thick sheet per ASTM D 751.

4. Minimum Thickness over Scrim:  11-mil- (0.28-mm-) thick sheet per optical method.

5. Hydrostatic Resistance:  Not less than 250-psi (1725-kPa) resistance per ASTM D 751, Procedure A.

6. Dimensional Stability, Reinforced Sheet:  Not more than plus or minus 2 percent per ASTM D 1204.

7. Breaking Strength:  Not less than 200 lbf (0.89 kN) per ASTM D 751, Procedure A.

8. Tearing Resistance:  Not less than 70 lbf (0.31 kN), initial, and 25 lbf (0.11 kN), aged, per ASTM D 751, Procedure B.

9. Low-Temperature Flexibility:  Pass, 1/8-inch (3-mm) mandrel, 4 hours at minus 40 deg F (minus 40 deg C), and per ASTM D 2136.

10. Ply Adhesion:  Not less than 7 lbf/in. (1.2 kN/m) of seam width, or film tearing bond, according to ASTM D 413, Machine Method.

11. Volatile Loss:  Not more than 0.5 percent per ASTM D 1203, Method A, 30-mil- (0.76-mm-) thick sheet.

12. UV-Light Resistance:  Pass, 4000 hours at 176 deg F (80 deg C), per ASTM G 155.

Retain subparagraph below only for low-water-absorption-type CSPE.

13. Water Absorption:  Not more than 2 percent at 70 deg F (21 deg C) and not more than 30 percent at 158 deg F (70 deg C) for 30 days each per ASTM D 471, 30-mil- (0.76-mm-) thick sheet.

C. EIA Sheet:  Formulated from EIA for use in hydraulic structures and formed into uniform, flexible sheets.

Coordinate subparagraph and list below with Part 2 "Manufacturers" Article.  Retain "Available" for nonproprietary and delete for semiproprietary specifications.

1. [Available ]Manufacturers:

a. Burke Environmental Products; Div. of Burke Industries.

b. Cooley Group.

c. Environmental Protection, Inc.

d. Integra Plastics Inc.

e. Lange Containment Systems, Inc.

f. Seaman Corporation.

g. <Insert manufacturer's name.>

Revise subparagraph and associated subparagraph below if another construction is required.  Delete if not applicable.

2. Reinforcing Scrim:  One-ply polyester fabric totally encapsulated between two sheets.

Construction refers to weave, number of fibers per inch in perpendicular directions, and weight (denier) of filament fiber.

a. Construction:  10 x 11 - 2520 d x 2000 d.

Values in 8 subparagraphs below are examples that apply to some 36-mil (0.91-mm), reinforced geomembranes manufactured by Burke, Cooley, Environmental Protection, and Seaman.  Revise or insert additional performance requirements to suit Project and geomembrane selected.

3. Nominal Thickness:  36-mil- (0.91-mm-) thick sheet per ASTM D 1593.

4. Hydrostatic Resistance:  Not less than 800-psi (5520-kPa) resistance per ASTM D 751, Procedure A.

5. Dimensional Stability, Reinforced Sheet:  Not more than plus or minus 2 percent per ASTM D 1204.

6. Bursting Strength:  Not less than 800 lbf (0.35 kN) per ASTM D 751.

7. Tearing Resistance:  Not less than 135 lbf (0.60 kN), per ASTM D 751, Procedure B.

8. Low-Temperature Flexibility:  Pass, 1/8-inch (3-mm) mandrel, 4 hours at minus 30 deg F (minus 34 deg C), and per ASTM D 2136.

9. Ply Adhesion:  Not less than 10 lbf/in. (1.75 kN/m) of seam width, or film tearing bond, according to ASTM D 413, Machine Method.

10. UV-Light Resistance:  Pass, 4000 hours at 176 deg F (80 deg C), per ASTM G 155.

D. EPDM Sheet:  Formulated from EPDM, compounded for use in hydraulic structures and to permit heat-welded seams, and formed into uniform, flexible sheets.

Coordinate subparagraph and list below with Part 2 "Manufacturers" Article.  Retain "Available" for nonproprietary and delete for semiproprietary specifications.

1. [Available ]Manufacturers:

a. Burke Environmental Products; Div. of Burke Industries.

b. Integra Plastics Inc.

c. <Insert manufacturer's name.>

Revise subparagraph and associated subparagraph below if another construction is required.  Delete if not applicable.

2. Reinforcing Scrim:  One-ply polyester fabric totally encapsulated between two sheets.

Construction refers to weave, number of fibers per inch in perpendicular directions, and weight (denier) of filament fiber.

a. Construction:  10 x 10 - 1000 d.

Values in 6 subparagraphs below are examples that apply only to oil-resistant, 45-mil (1.14-mm), reinforced geomembranes manufactured by Burke.  Revise or insert additional performance requirements to suit Project and geomembrane selected.

3. Nominal Thickness:  45-mil- (1.14-mm-) thick sheet per ASTM D 751.

4. Hydrostatic Resistance:  Not less than 250-psi (1725-kPa) resistance per ASTM D 751, Method A, Procedure 1.

5. Breaking Strength:  Not less than 220 lbf (0.97 kN) per ASTM D 751, Procedure A.

6. Tearing Resistance:  Not less than 80 lbf (0.36 kN) per ASTM D 751, Procedure B.

7. Low-Temperature Flexibility:  Pass, 1/8-inch (3-mm) mandrel, 4 hours at minus 40 deg F (minus 40 deg C), and per ASTM D 2136.

8. Ply Adhesion:  Not less than 10 lbf/in. (1.75 kN/m) of seam width, or film tearing bond, according to ASTM D 413.

E. PE Sheet:  Formulated from virgin PE, compounded for use in hydraulic structures, and formed into uniform sheets.

Coordinate subparagraph and list below with Part 2 "Manufacturers" Article.  Retain "Available" for nonproprietary and delete for semiproprietary specifications.

1. [Available ]Manufacturers:

a. Agru America, Inc.

b. GSE Lining Technology, Inc.; Div. of Gundle/SLT Environmental Systems, Inc.

c. Integra Plastics Inc.

d. Melco Linings.

e. Plastic Fusion Fabricators, Inc.

f. Poly-Flex, Inc.

g. Raven Industries, Inc.

h. Reef Industries, Inc.

i. <Insert manufacturer's name.>

Retain one of four options in subparagraph below or insert another density.  Delete those not applicable.

2. Nominal Density:  [Low density, 0.910 to 0.925 g/cu. cm] [Linear low density, 0.919 to 0.925 g/cu. cm] [Medium density, 0.926 to 0.939 g/cu. cm] [High density, 0.940 to 0.959 g/cu. cm], per ASTM D 1505.

Values in 10 subparagraphs and associated subparagraphs below are examples that apply only to some 60-mil (1.5-mm), smooth, unreinforced, high-density geomembranes manufactured by GSE and Poly-Flex.  Revise or insert additional performance requirements to suit Project and geomembrane selected.

3. Nominal Thickness:  60-mil- (1.5-mm-) thick sheet per ASTM D 751.

4. Melt Flow Index:  Not more than 0.035 oz./10 minutes (1.0 g/10 minutes) per ASTM D 1238, Condition 190/2.16.

5. Carbon Black Content:  2 to 3 percent per ASTM D 1603.

6. Carbon Black Dispersion:  Per ASTM D 5596, Note 1.

7. Tensile Properties:  Not less than indicated for each direction, per ASTM D 638.

a. Strength at Yield:  126 lbf/in. (22 kN/m) and 2100 psi (14.5 MPa).

b. Strength at Break:  228 lbf/in. (40 kN/m) and 3800 psi (26.2 MPa).

c. Elongation at Yield:  12 percent.

d. Elongation at Break:  560 percent.

8. Dimensional Stability, Reinforced Sheet:  Not more than plus or minus 2 percent per ASTM D 1204.

9. Tearing Resistance:  Not less than 39 lbf (0.18 kN) per ASTM D 1004.

10. Puncture Resistance:  Not less than 72 lbf (0.33 kN) per FTMS 101C, Method 2065.1.

11. Low-Temperature Brittleness:  Four hours at minus 76 deg F (minus 60 deg C) per ASTM D 746.

12. Environmental Stress Cracking Resistance:  Not less than 1500 hours per ASTM D 1693, Condition B.

F. PP Sheet:  Formulated from virgin PP, compounded for use in hydraulic structures, and formed into uniform, flexible sheets.

Coordinate subparagraph and list below with Part 2 "Manufacturers" Article.  Retain "Available" for nonproprietary and delete for semiproprietary specifications.

1. [Available ]Manufacturers:

a. Cooley Group.

b. GSE Lining Technology, Inc.; Div. of Gundle/SLT Environmental Systems, Inc.

c. Lange Containment Systems, Inc.

d. Melco Linings.

e. Raven Industries, Inc.

f. Stevens Urethane; Div. of JPS Elastomerics; Environmental Products Division.

g. Watersaver Company, Inc.

h. <Insert manufacturer's name.>

Revise subparagraph and associated subparagraph below if another construction is required.  Delete if not applicable.

2. Reinforcing Scrim:  One-ply polyester fabric totally encapsulated between two sheets.

Construction refers to weave, number of fibers per inch in perpendicular directions, and weight (denier) of filament fiber.

a. Construction:  10 x 10 - 1000 d.

Values in 9 subparagraphs below are examples that apply only to some 45-mil (1.14-mm), reinforced geomembranes manufactured by Cooley, GSE, and Stevens.  Revise or insert additional performance requirements to suit Project and geomembrane selected.

3. Nominal Thickness:  45-mil- (1.14-mm-) thick sheet per ASTM D 751.

4. Hydrostatic Resistance:  Not less than 250-psi (1725-kPa) resistance per ASTM D 751, Procedure A.

5. Dimensional Stability, Reinforced Sheet:  Not more than plus or minus 1 percent per ASTM D 1204.

6. Breaking Strength:  Not less than 250 lbf (1.1 kN) per ASTM D 751, Procedure A.

7. Tearing Resistance:  Not less than 55 lbf (0.24 kN) per ASTM D 751, Procedure B.

8. Puncture Resistance:  Not less than 200 lbf (0.88 kN) per ASTM D 4833.

9. Low-Temperature Flexibility:  Pass, 1/8-inch (3-mm) mandrel, four hours at minus 40 deg F (minus 40 deg C), and per ASTM D 2136.

10. Ply Adhesion:  Not less than 20 lbf/in. (3.5 kN/m) of seam width, or film tearing bond, according to ASTM D 413, Machine Method.

Revise subparagraph below if first side is not smooth.  Verify availability with manufacturers.

11. Sheet Texture:  One side smooth; other side [smooth] [textured].

2.3 PVC SHEET

A. PVC:  Formulated from virgin PVC with plasticizers and other modifiers, compounded for use in hydraulic structures, and formed into uniform, flexible sheets with material properties complying with PGI's "Specification for PVC Geomembranes" for nominal thickness indicated.

Coordinate subparagraph and list below with Part 2 "Manufacturers" Article.  Retain "Available" for nonproprietary and delete for semiproprietary specifications.

1. [Available ]Manufacturers:

a. Cooley Group.

b. Environmental Protection, Inc.

c. Integra Plastics Inc.

d. Lange Containment Systems, Inc.

e. Melco Linings.

f. Watersaver Company, Inc.

g. <Insert manufacturer's name.>

Oil-resistant-grade PVC is available in 30-, 40-, and 50-mil (0.76-, 1.02-, and 1.3-mm) thicknesses.  See Evaluations.

Select one thickness from subparagraph below.

2. Nominal Thickness:  [10 mils (0.25 mm)] [20 mils (0.51 mm)] [30 mils (0.76 mm)] [40 mils (1.02 mm)] [50 mils (1.3 mm)] [60 mils (1.5 mm)].

Revise subparagraph below if first side is not smooth.  Verify availability with manufacturers.

3. Sheet Texture:  One side smooth; other side [smooth] [matte] [faille textured].

2.4 ACCESSORIES

Accessories in this Article are for floating covers.

A. Screened scupper hoses:  Manufacturer's standard.

B. Flotation Blocks:  Closed-cell polyethylene foam blocks approximately 4 by 12 inches (102 by 300 mm), 2.2 lb/cu. ft. (35.2 kg/cu. m).

C. Access Hatch:  Manufacturer's standard, in size indicated.

2.5 MISCELLANEOUS MATERIALS

A. Adhesives:  Provide types of adhesive primers, compounds, solvents, and tapes recommended in writing by geomembrane liner manufacturer for bonding to structures (if required), for sealing of seams in geomembrane liner, and for sealing penetrations through geomembrane liner.

Penetration assemblies in paragraph below include pipes, ventilation assemblies, access hatches in cover, and structural members.

B. Penetration Assemblies:  Provide manufacturer's standard factory-fabricated assemblies for sealing penetrations.  Include joint sealant recommended in writing by geomembrane liner manufacturer and compatible with geomembrane liner, containment conditions, and materials.

Revise two paragraphs above and paragraph and subparagraphs below to suit Project.  Delete all if not applicable.  Batten strips are normally used to secure geomembrane liner materials to concrete substrates.  Verify compatibility of manufacturer's recommended sealant, usually silicone or butyl rubber, with containment conditions and materials.

Refer to Division 2 Section "Earthwork" for subgrade preparation.

C. Battens:  Long-length strips of material indicated, size as shown on Drawings.  Fabricate battens with sharp projections removed and edges eased and predrilled or punched for anchors.  Provide anchors, or other type of attachment, of type and spacing recommended in writing by geomembrane liner manufacturer for attaching geomembrane liner system to substrate and as indicated.

Select one of four subparagraphs below with paragraph above.

1. Batten Material:  Liner manufacturer's standard system.

2. Batten Material:  Aluminum; with stainless-steel anchors, complete with gasket and sealant compatible with geomembrane liner, containment conditions, and materials.

3. Batten Material:  Stainless steel; with stainless-steel anchors, complete with gasket and sealant compatible with geomembrane liner, containment conditions, and materials.

4. Batten Material:  Plastic compatible with geomembrane liner, cast in place or fastened with stainless-steel anchors, designed to continuously seal geomembrane liner to batten.

Delete paragraph below if no sand-filled ballast tubes for floating covers.

D. Sand:  ASTM C 33; fine aggregate, natural or manufactured sand.

2.6 FABRICATION

Insert required factory-seaming method in paragraph below.

A. Fabricate geomembrane liner[ and floating cover] panels from sheets in sizes as large as possible with factory-sealed seams, consistent with limitations of weight and installation procedures.  Minimize field seaming.

Delete three paragraphs below if no floating covers, or edit to suit Project.

B. Fabricate flotation blocks, wrap in geomembrane, and attach to underside of floating cover according to manufacturer's written instructions.

C. Fabricate ballast tubes of sand-filled geomembrane and attach to top surface of floating cover according to manufacturer's written instructions.

D. Install built-in accessories, hatches, access panels, vents, and walkways on geomembrane floating cover.

2.7 SOURCE QUALITY CONTROL

Delete paragraph below and insert requirements if another testing protocol is preferred, such as that in ASTM D 4545, in GRI test methods and standards, or in manufacturer's quality-control procedures.

A. General:  Test for bonded seam strength and peel adhesion every 3000 feet (915 m) or once per panel, whichever is more frequent.

Retain applicable paragraph and associated subparagraph(s) below and coordinate with type of sheet selected; delete those not applicable.  Delete all if no seams or penetrations.

B. CSPE Liner[ and Floating Cover]:  Test and inspect factory seams for peel adhesion not less than 10 lbf/in. (1.75 kN/m) of seam width, according to ASTM D 413, and for bonded seam strength indicated according to ASTM D 751.

Bonded seam strength value in subparagraph below is an example correlated with type of sheet, nominal thicknesses of geomembrane, and presence of fabric reinforcement used in example in "CSPE Sheet" Paragraph in "Sheet Materials" Article.  Retain or insert another value coordinated with characteristics previously selected.

1. Bonded Seam Strength:  Not less than 180 lbf/in. (32 kN/m) of seam width for seams constructed from 2 scrim-reinforced sheets, each with nominal sheet thickness of not less than 45 mils (1.14 mm).

C. EIA Liner[ and Floating Cover]:  Test and inspect factory seams for peel adhesion not less than 10 lbf/in. (1.75 kN/m) of seam width, according to ASTM D 413, and for bonded seam strength indicated according to ASTM D 751.

Bonded seam strength value in subparagraph below is an example correlated with type of sheet, nominal thicknesses of geomembrane, and presence of fabric reinforcement used in example in "EIA Sheet" Paragraph in "Sheet Materials" Article.  Retain or insert another value coordinated with characteristics previously selected.

1. Bonded Seam Strength:  Not less than 270 lbf/in. (48 kN/m) of seam width for seams constructed from 2 scrim-reinforced sheets, each with nominal sheet thickness of not less than 36 mils (0.91 mm).

Bonded seam strength value in first paragraph below is an example correlated with type of sheet, nominal thicknesses of geomembrane, and presence of fabric reinforcement used in example in "EPDM Sheet" Paragraph in "Sheet Materials" Article.  Retain or insert another value coordinated with characteristics previously selected.

D. EPDM Liner:  Test and inspect factory seams for peel adhesion not less than 10 lbf/in. (1.75 kN/m) of seam width, according to ASTM D 413, and for bonded seam strength not less than 160 lbf/in. (28 kN/m) of seam width for seams constructed from 2 scrim-reinforced sheets, each with nominal sheet thickness of not less than 45 mils (1.14 mm), according to ASTM D 751.

E. PE Liner[ and Floating Cover]:  Test and inspect factory seams for peel adhesion indicated according to ASTM D 4437, and for bonded seam strength indicated according to ASTM D 4437.

Values in three subparagraphs below are examples correlated with type of sheet, nominal thicknesses of geomembrane, and smooth texture used in example in "PE Sheet" Paragraph in "Sheet Materials" Article.  Retain or insert another value coordinated with characteristics previously selected.

1. Peel Adhesion/Extrusion:  Film tear bond and not less than 78 lbf/in. (13.7 kN/m) of extrusion-bonded seam width.

2. Peel Adhesion/Fusion:  Film tear bond and not less than 90 lbf/in. (15.8 kN/m) of fused seam width.

3. Bonded Seam Strength:  Not less than 120 lbf/in. (21 kN/m) of seam width for seams constructed from 2 scrim-reinforced sheets, each with nominal sheet thickness of not less than 45 mils (1.14 mm).

F. PP Liner:  Test and inspect factory seams for peel adhesion not less than 20 lbf/in. (3.5 kN/m) of seam width, according to ASTM D 413, and for bonded seam strength indicated according to ASTM D 751.

Bonded seam strength value in subparagraph below is an example correlated with type of sheet, nominal thicknesses of geomembrane, and presence of fabric reinforcement used in example in "PP Sheet" Paragraph in "Sheet Materials" Article.  Retain or insert another value coordinated with characteristics previously selected.

1. Bonded Seam Strength:  Not less than 200 lbf/in. (35 kN/m) of seam width for seams constructed from 2 scrim-reinforced sheets, each with nominal sheet thickness of not less than 45 mils (1.14 mm).

G. PVC Liner[ and Floating Cover]:  Test and inspect factory seams for peel adhesion not less than 10 lbf/in. (1.75 kN/m) of seam width, according to ASTM D 413.

Bonded seam strength values in subparagraph and associated subparagraphs below are examples correlated with nominal thicknesses of geomembrane.  Select one or insert another; coordinate with thickness previously selected.

1. Bonded Seam Strength:  Not less than that indicated below for seams constructed from two sheets of minimum nominal thickness indicated for each:

a. For 10-mil- (0.25-mm-) thick sheets, 20 lbf/in. (3.5 kN/m) of seam width.

b. For 20-mil- (0.51-mm-) thick sheets, 38.5 lbf/in. (6.7 kN/m) of seam width.

c. For 30-mil- (0.76-mm-) thick sheets, 58.4 lbf/in. (10.2 kN/m) of seam width.

d. For 40-mil- (1.02-mm-) thick sheets, 77.6 lbf/in. (13.6 kN/m) of seam width.

e. For 50-mil- (1.3-mm-) thick sheets, 96 lbf/in. (16.8 kN/m) of seam width.

f. For 60-mil- (1.5-mm-) thick sheets, 116 lbf/in. (20.3 kN/m) of seam width.

PART 3 -  EXECUTION

3.1 EXAMINATION

A. Examine substrates, with Installer present, for compliance with requirements for soil compaction and grading; for subgrade free from angular rocks, rubble, roots, vegetation, debris, voids, protrusions, and ground water; and for other conditions affecting performance of geomembrane liner.

1. Examine anchor [trench excavation] [concrete perimeter], where geomembrane liner[ and floating cover] will be secured, for substrate conditions indicated above and for correct location and configuration.

2. Proceed with installation only after unsatisfactory conditions have been corrected.

3.2 PREPARATION

A. Provide temporary ballast, until edges are permanently secured, that does not damage geomembrane liner or substrate, to prevent uplift of geomembrane liner in areas with prevailing winds.

Delete two paragraphs below if not applicable.

B. Prepare surfaces of construction penetrating through geomembrane liner according to geomembrane liner manufacturer's written instructions.

C. Remove curing compounds and coatings from concrete surfaces to be sealed to geomembrane liner.

3.3 INSTALLATION

General procedures in this Article are for geomembrane liner installation.  Add specific requirements to suit Project.

A. General:  Place geomembrane liner over prepared surfaces to ensure minimum handling.  Install according to Shop Drawings and to comply with geomembrane liner manufacturer's written instructions.  In areas with prevailing winds, begin placing geomembrane liner at Project's upwind direction and proceed downwind.  Install geomembrane liner in a relaxed condition, free from stress and with minimum wrinkles, and in full contact with subgrade.  Do not bridge over voids or low areas in the subgrade.  Fit closely and seal around inlets, outlets, and other projections through geomembrane liner.  Permanently secure edges.

Delete first paragraph and subparagraphs below if not applicable.

B. Field Seams:  Comply with geomembrane liner[ and floating cover] manufacturer's written instructions.  Form seams by lapping edges of panels 2 to 4 inches (50 to 102 mm), unless instructions require a larger overlap.  Wipe contact surfaces clean and free of dirt, dust, moisture, and other foreign materials.  Use solvent-cleaning methods and grind geomembrane seam surfaces if recommended by geomembrane liner manufacturer.  Proceed with seaming at required temperatures for materials and ambient conditions.  Continuously bond sheet to sheet to construct single or double seams of width recommended for method of seaming used.  Seal or fuse free seam edges as instructed.  Inspect seams and reseal voids.

Delete two example subparagraphs below and insert others to suit Project.

1. Adhesive Bonding:  Apply bonding cement to both contact surfaces in seam area and press together immediately, or use other seaming methods as instructed by geomembrane liner manufacturer.  Roll to press surfaces together, to distribute adhesive to leading edges of panels, and to remove wrinkles and fishmouths.  Remove excess adhesive.

2. Thermal Bonding:  Use thermal-welding technique recommended by geomembrane liner manufacturer.  Apply pressure to smoothly bond surfaces together.  Examine for and patch wrinkles and fishmouths.

C. Installation in Anchor Trench:  Install geomembrane liner[ and floating cover] in trench according to manufacturer's written instructions, backfill, and compact to lock liner into trench.

Delete paragraph above or paragraph and subparagraphs below, or insert other method of anchorage to suit Project.  Anchor trench or concrete attachment is suitable for geomembrane liner and floating cover.

D. Attachment to Concrete:  Use manufacturer's standard system to suit Project conditions.  Support adhesive and geomembrane on not less than 8-inch- (200-mm-) wide concrete substrate, unless otherwise indicated.

Delete subparagraph below if not applicable.  Revise to suit Project.  Coordinate with Drawings.

1. Install batten strips over geomembrane liner[ and floating cover] as shown on Drawings.

Delete both subparagraphs below if no floating cover.  Antichafing strips may not be needed for all projects.

2. Install antichafing strips of geomembrane sheet between geomembrane liner and floating cover according to manufacturer's written instructions.

3. Install floating cover with perimeter fold.

Delete first paragraph below if no floating cover.  Revise to suit Project.  Coordinate with Drawings.

E. Floating Cover Flotation Control:  Connect drainage hoses in perimeter fold, sumps, or scuppers to pump or gravity drain system.

F. Liner Repairs:  Repair tears, punctures, and other imperfections in geomembrane liner field and seams using patches of geomembrane liner material, liner-to-liner bonding materials, and bonding methods according to geomembrane liner manufacturer's written instructions.  Apply bonding solvent or weld to contact surfaces of both patch and geomembrane liner, and press together immediately.  Roll to remove wrinkles.

3.4 FIELD QUALITY CONTROL

Revise this Article if manufacturer's procedures must be followed for warranty coverage or if other testing is required.

A. Nondestructive Testing:  Visually inspect seams and patches.  Comply with ASTM D 4437 for Air Lance Test, Vacuum Box Testing, or Ultrasonic (High Frequency) Pulse Echo Testing or with GRI Test Method GM6, as applicable to geomembrane liner and seam construction.  Record locations of failed seams and patches.  For the record, individually number and date occurrences and details of leak and remedial action.  Repair leaking seams and patches.

Add requirements for destructive testing here to suit geomembrane and seam type if required for warranty coverage or critical applications.

3.5 DISINFECTION

Delete this Article if no reservoirs.

A. Disinfect the complete installation according to procedures in AWWA C652.

3.6 PROTECTION

A. Protect installed geomembrane liner[ and floating cover] according to manufacturer's written instructions.  Repair or replace areas of geomembrane liner damaged by scuffing, punctures, traffic, rough subgrade, or other unacceptable conditions.

B. Before initial filling of pond or placement of earth cover, inspect seams and patched areas to ensure tight, continuously bonded installation.  Repair damaged geomembrane and seams and reinspect repaired work.

END OF SECTION 02666
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