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SECTION 07 17 00 – BENTONITE WATERPROOFING
PART 1 -  GENERAL

1.1 SUMMARY
A. Section Includes:

1. Bentonite composite sheet waterproofing
2. Molded sheet drainage panels
1.2 RELATED REQUIREMENTS
Specifier: If retaining this optional Related Requirements Article, edit to include only those sections included in project manual.

1. Section 03 10 00 "Cast-in-Place Concrete" for forms, waterstops, and concrete placement.

2. Division 07 waterproofing and air barrier Sections for flexible flashing that may be part of adjoining waterproofing and air barrier work.

3. Section 07 20 00 "Thermal Insulation" for foundation insulation.
4. Section 31 20 00 "Earth Moving" for excavating and backfilling[, including requirements for preparation of substrates to receive bentonite waterproofing].

5. Section 31 50 00 "Excavation Support and Protection" for permanent below-grade support systems that require blind-side waterproofing[, including requirements for preparation of substrates to receive bentonite waterproofing].

6. Section 33 46 00 "Subdrainage" for drainage pipe and conduits, drainage panels, and filter fabrics.

1.3 REFERENCES
Specifier: If retaining this optional References Article, edit to include only those references cited in the edited section.

A. References, General: Versions of the following standards current as of the date of issue of the project apply to the Work of this Section.

B. ASTM International (ASTM): www.astm.org:
1. ASTM C920 - Standard Specification for Elastomeric Joint Sealants 
2. ASTM D412 – Standard Test Methods for Vulcanized Rubber and Thermoplastic Elastomers—Tension

3. ASTM D5385 - Standard Test Method for Hydrostatic Pressure Resistance of Waterproofing Membranes
4. ASTM E154 - Standard Test Methods for Water Vapor Retarders Used in Contact with Earth Under Concrete Slabs, on Walls, or as Ground Cover
5. ASTM E96/E 96M - Standard Test Methods for Water Vapor Transmission of Materials

6. ASTM D1004 Test Method for initial Tear Resistance of Plastics Film and Sheeting

7. ASTM D1505 Test Method for Density of Plastics by the Density-Gradient Technique

8. ASTM D1603 Test Method for Carbon Black in Olefin Plastics

9. ASTM D3895 Test Method for Oxidative Induction Time of Polyolefin’s by Thermal Analysis

10. ASTM D4833 Test Method for Index Puncture Resistance of Geotextiles, Geomembranes and Related Products

11. ASTM D5199 Test Method for Measuring Nominal Thickness of Geotextiles and Geomembranes

12. ASTM D5397 Procedure to perform a single Point Notched Constant Tensile Load – (SP-NCTL) Test; Appendix

13. ASTM D6392 Determining the Integrity of Non-Reinforced Geomembrane Seams Produced Using Thermo-Fusion Methods

14. ASTM D6693 Test Method for Determining Tensile Properties of Nonreinforced Polyethylene and Nonreinforced Flexible Polypropylene Geomembranes

C. U. S. Environmental Protection Agency (EPA): www.epa.gov:
1. 40 CFR 59, Subpart D - National Volatile Organic Compound Emission Standards for Architectural Coatings
D. City of Los Angeles Approval: Research Number 25425L
1.4 ADMINISTRATIVE REQUIREMENTS
A. Preinstallation Conference: Conduct conference at Project Site.
1. Review requirements for waterproofing products and installation, including surface preparation, substrate conditions, project and manufacturer's details, installation procedures, mockups, testing and inspection requirements, protection and repairs, and coordination and sequencing of waterproofing work with work of other Sections.

1.5 ACTION SUBMITTALS

A. Product Data: For each type of waterproofing product specified, including:
1. Technical data indicating compliance with requirements.

2. Substrate preparation instructions and recommendations.

B. Shop Drawings: Show locations for waterproofing system components. Show details for each type of substrate, joints, corners, and edge conditions, including flashings, counterflashings, penetrations, transitions, and terminations.

1.6 INFORMATIONAL SUBMITTALS

A. Material Certificates: For each type of HDPE/bentonite waterproofing, from manufacturer.

B. Qualification Data: For Installer, manufacturer[, and waterproofing Inspector].

1. Certification of manufacturer's approval of Installer.

C. Product Test Reports: Test data for waterproofing products and waterproofing system, by qualified testing agency, indicating proposed waterproofing meets performance requirements, when requested by Architect.

D. Warranty: Sample of manufacturer and installer special warranties.

E. Field quality control reports.

1.7 QUALITY ASSURANCE

A. Installer Qualifications: A manufacturer-approved firm with minimum [three] years experience in installation of specified products in successful use on similar projects, employing workers trained by manufacturer, including a full-time on-site supervisor with a minimum of [ten] years experience installing similar work, and able to communicate verbally with Contractor[, Architect,] and employees.

B. Manufacturer Qualifications: A qualified manufacturer [listed in this Section] with minimum thirty years experience in manufacture of waterproofing as one of its principal products. Manufacturer shall provide field service representation during construction, approving an acceptable installer, recommending appropriate installation methods, and conducting a final field visit of the waterproofing system applied. 
1. Manufacturer's product submitted has been in satisfactory operation on five similar installations for at least ten years.
2. Approval of Manufacturers and Comparable Products: [Submit] [Prime Bidder must submit] the following in accordance with project substitution requirements, within time allowed for substitution review:

a. Product data

b. Sample shop drawings from similar project.

c. Project references: Minimum of five installations of similar system not less than ten years old, with Owner and Architect contact information.

d. Name and resume of proposed qualified Inspector.

e. Sample warranty from the manufacturer or applicator.
Specifier: Retain "Waterproofing Inspector Qualifications" Paragraph if Contractor is required to provide inspections under Part 3 Field Quality Control article.

C. Waterproofing Inspector Qualifications: The Inspector shall be the following:

1. An independent party certified as an waterproofing inspector acceptable to Architect, retained by the Contractor. Inspection service shall product reports and digital photographs documenting each inspection. Reports shall be made available to the Contractor, waterproofing installer, waterproofing material manufacturer and Architect.  Inspections should include substrate examination, beginning of waterproofing installation, periodic intervals, and final inspection prior to shotcrete against the waterproofing.
D. 
Pre-Waterproofing Conference:  Hold a pre-waterproofing installation meeting prior to commencement of field installation to establish procedures to maintain required working conditions and to coordinate section work with shotcrete installation and adjacent work.  Verify that final waterproofing details comply with waterproofing manufacturer's current installation requirements and recommendations.  The shotcrete applicator, manufacturer's representative, Waterproofing Foreman, Consultant, Inspector and all other pertinent parties shall attend this meeting.

E. Water sample test:  Waterproofing contractor shall supply project site water sample to waterproofing membrane manufacturer for analysis.  Manufacturer shall conduct test free of charge. Contractor is responsible for collection and shipment of two (2) liter of actual site water.  Ship the water in uncontaminated, sealed plastic containers.  Ship the sample to Tremco. Provide the project name, city and state along with the return address to forward test results.
F. Mockups: Provide waterproofing mockup application within mockups required in other sections, or if not specified, in an area of not less than 150 sq. ft. (14 sq. m) of surface where directed by Architect for each type of substrate condition. Include examples of surface preparation, crack and joint treatment, waterproofing application, and flashing, transition, and termination conditions, to set quality standards for execution.

1. Include intersection of waterproofing with adjacent waterproofing and moisture control systems.

1.8 DELIVERY, STORAGE AND HANDLING

A. Accept materials on site in manufacturer's unopened original packaging.

B. Store products in weather protected environment, clear of ground and moisture, within temperature ranges recommended by waterproofing manufacturer.
Specifier: Retain first option in "Construction Waste" Paragraph below for LEED projects; retain second option for other projects.

C. Construction Waste: Store and dispose of packaging materials and construction waste in accordance with requirements of Division 01 Section ["Construction Waste Management"] ["Temporary Facilities and Controls."]
1.9 ENVIRONMENTAL REQUIREMENTS

A. Weather Limitations: Proceed with installation only when existing and forecasted weather conditions permit bentonite waterproofing to be installed according to manufacturers' written instructions and warranty requirements.

1. Do not install waterproofing or weld seams during rain, mist or heavy fog. If rain, mist or snow is anticipated before the membrane is compacted below-grade, cover any exposed bentonite or seams with min. 6 mil polyethylene sheet. 

2. Placing bentonite clay products on damp surfaces is allowed if approved in writing by manufacturer.

1.10 SCHEDULING

A. Schedule work so waterproofing applications may be inspected prior to concealment.
1.11 WARRANTY

Specifier: Consult Tremco representative for available special project warranty terms and conditions.
A. Special Manufacturer's Warranty: Manufacturer's standard form in which waterproofing manufacturer agrees to furnish waterproofing material to repair or replace those materials installed according to manufacturer's written instructions that exhibit material defects or otherwise fail to perform as specified under normal use within warranty period specified.
1. Access for Repair: Owner shall provide unimpeded access to the Project and the waterproofing system for purposes of testing, leak investigation, and repair, and shall reinstall removed cladding and overburden materials upon completion of repair.
2. Cost Limitation: Manufacturer's obligation for repair or replacement shall be limited to the original cost of materials. 
3. Warranty Period: [10] years date of Substantial Completion.

4. First 2 years of labor shall be provided by the waterproofing applicator.
B. Issuance of Manufacturer's System Warranty requires the following: 

1.
Manufacturer's Approved Applicator to install waterproofing system.

2.
In Part 3 work, install waterstops in all applicable horizontal and vertical cold-pour shotcrete construction joints and shotcrete lift joints. Manufacturer's warranty shall be independent from any other warranties made by the Contractor under requirements of the Contract Documents and may run concurrent with said warranties.

3.
Independent third party inspector hired by Owner to inspect waterproofing and shotcrete installation. Full time 3rd Party Inspection requires that the Tremco Approved Inspection firm provide daily inspection reports to the manufacturer, Owner, and General Contractor. The reports shall include photos of the application in progress, location of the areas observed, and a deficiency log.
PART 2 -  PRODUCTS

2.1 MANUFACTURERS
Specifier: Retain option for substitutions below and edit if required for project.
A. Basis-of-Design Products: Provide waterproofing products manufactured by Tremco, Inc., Commercial Sealants and Waterproofing Division, Beachwood OH; (866) 321-6357; email: techresources@tremcoinc.com; www.tremcosealants.com.
B. Source Limitations: Provide waterproofing system materials and accessory products from Tremco, a single-source system manufacturer
2.2 PERFORMANCE REQUIREMENTS

A. General: Waterproofing system shall be capable of performing as a continuous watertight installation and as a moisture drainage plane transitioned to adjacent flashings and discharging water to the building exterior. Waterproofing shall accommodate normal substrate movement, construction material transitions, opening transitions, penetrations, and perimeter conditions without resultant moisture deterioration.

B. Compatibility: Provide waterproofing system materials that are compatible with one another and with adjacent materials under conditions of service and application required, as demonstrated by waterproofing manufacturer based on testing and field experience.

2.3 WATERPROOFING MEMBRANE
Tremco's Paraseal GM/LG gastight membrane is resistant to aliphatic gases when seams are heat-welded; no taping of seams are allowed in this application. Paraseal GM/LG includes a protective laminate layer of spun polypropylene for use in blindside, below-slab, and shotcrete applications.
A. Composite HDPE/Bentonite Membrane with Protective Facing: Composite membrane consisting of granular bentonite laminated to a 60-mil (1.5 mm) thick HDPE geomembrane liner for a composite weight of up to 1.0 lb/sq. ft. (4.88 kg/sq. m).

1. Products: Subject to compliance with requirements, [provide the following] [provide one of the following] [available products that may be incorporated into the Work include, but are not limited to, the following]:

a. Basis of Design Product:Tremco, Inc., Paraseal GM/LG - 60 mil

b. Puncture Resistance: 400 lbf (1.78 kN) according to ASTM E 154.

c. Tensile Strength, Membrane: 4,000 psi (27.58 MPa) according to ASTM D 412.

d. Elongation, Percent: 700 percent according to ASTM D 412.

e. Resistance to Hydrostatic Head: 230 ft. (70.1 m) according to ASTM D 5385.

f. Vapor Permeance: 0.03 perms according to ASTM E 96.

g. VOC Content: 0 g/L.
2.4 ACCESSORY MATERIALS
A. Granular Bentonite: Sodium bentonite clay containing a minimum of 90 percent montmorillonite (hydrated aluminum silicate), with a minimum of 90 percent passing a No. 20 (0.85-mm) sieve.

a. Basis of Design Product – Tremco, Inc., Paragranular
B. Bentonite Mastic: Trowelable consistency, bentonite compound, specifically formulated for application at joints and penetrations.

a. Basis of Design Product – Tremco, Inc., Paramastic
C. Termination Bar: Extruded-aluminum or formed-stainless-steel bars with upper flange to receive sealant.

a. Basis of Design Product – Tremco, Inc., Paraterm Bar
D. Plastic Protection Sheet: Polyethylene sheeting complying with ASTM D 4397; thickness recommended by waterproofing manufacturer to suit application but at least 6 mils (0.15 mm) thick.

E. Cement Grout Patching Material: Manufacturer's recommended grout mix compatible with substrate being patched.

F. Masonry Fasteners: Case-hardened nails or hardened-steel, powder-actuated fasteners. Depending on manufacturer's written requirements, provide 1/2- or 1-inch- (12- or 25-mm-) diameter washers under fastener heads.

G. Tapes: Waterproofing manufacturer's recommended tape for joints between sheets, membranes, or panels. Use with recommended adhesive bonding primer.

1. Reinforced Overlap Seam Tape: Reinforced, rubberized-asphaltic waterproofing seam tape 4-inch (102 mm) wide by 60 mils (1.5 mm) thick for sealing membrane overlaps.
a. Basis of Design Product – Tremco, Inc., Permanent Seam Tape

2. Non-Reinforced Overlap Tape: Non-reinforced, adhesive tape of partially cross-linked polymeric elastomers 2 by 1/8 inch (50 by 3.2 mm) for molding form-fit seals around contours and for taping seams within overlaps.

a. Basis of Design Product – Tremco, Inc., Para JT
3. Bentonite Laminate Tape: Pressure sensitive, double-sided tape laminate of bentonite sandwiched between a netting and non-woven fabric for wrapping through-concrete imbeds and other detailing.

a. Basis of Design Product – Tremco, Inc., Parastick ‘n’ Dry
H. Sealants: As recommended in writing by waterproofing manufacturer. Comply with requirements specified in Division 07 Section "Joint Sealants."

a. Basis of Design Product – Tremco, Inc., Dymonic 100 

I. Waterstops: Flexible, reinforced, bentonite-laminate waterstop strips 1/2 by 1 inch (12 by 25 mm) with pressure-sensitive adhesive backing for sealing static cold joints in concrete.

a. Basis of Design Product – Tremco, Inc., Superstop

J. Joint Sealants: Termination Seals: 
1. Single Component, Nonsag, Urethane Joint Sealant: ASTM C 920, Type S, Grade NS, Class 50, for Use NT:
a. Basis of Design Product – Tremco, Inc., Dymonic 100 
2.5 WATERPROOFING PROTECTION AND DRAINAGE

A. Protection Course: Not required

B. Nonwoven-Geotextile-Faced, Molded-Sheet Drainage Panel: Manufactured composite subsurface drainage panels consisting of a nonwoven, spun-bonded polypropylene facing laminated to one side of a studded, non-biodegradable, polystyrene drainage core.

1. Basis of Design: Tremco, TREMDrain.
2. Flow Capacity, per unit width, ASTM D 4716: 9 gpm/ft. (112 lpm/m).

3. Flow Rate, ASTM D 4491: 165 gpm/ft2 (6,724 lpm/m2).

4. Apparent Opening Size: No. 70 sieve (210 micron).

5. Puncture Strength, ASTM D 4833: 65 lb (289 N).

6. Core Compressive Strength, ASTM D 1621: 10,800 lb/ft2 (527 kN/m2).

7. Thickness: 0.25 inch (6.35 mm).

Specifier: Tremco TREMDrain 1000 drainage panel is for use at backfilled and blindside wall and underslab locations requiring a higher compressive strength core or greater flow capacity. It is available with an optional polymeric film backer ( "PF").

C. Nonwoven-Geotextile-Faced, Molded-Sheet Drainage Panel: Manufactured composite subsurface drainage panels consisting of a nonwoven, spun-bonded polypropylene facing laminated to one side of a studded, non-biodegradable, polystyrene drainage core[, with polymeric film attached to back of drainage core].

1. Basis of Design: Tremco, TREMDrain [1000] [1000 PF].

2. Flow Capacity, per unit width, ASTM D 4716: 18 gpm/ft. (224 lpm/m).

3. Flow Rate, ASTM D 4491: 165 gpm/ft2 (6,724 lpm/m2).

4. Apparent Opening Size: No. 70 sieve (210 micron).

5. Puncture Strength, ASTM D 4833: 65 lb (289 N).

6. Core Compressive Strength, ASTM D 1621: 15,000 lb/ft2 (732 kN/m2).

7. Thickness: 0.437 inch (11 mm).
Specifier: Tremco TREMDrain 2000 three-layer drainage panel is for use at split slabs and planters requiring a higher compressive strength core or greater flow capacity. It includes a polymeric film backer.

D. Woven-Geotextile-Faced, Molded-Sheet Drainage Panel: Manufactured composite subsurface drainage panels consisting of a woven polypropylene facing laminated to one side of a studded, non-biodegradable, polystyrene drainage core, with polymeric film attached to back of drainage core.

1. Basis of Design: Tremco, TREMDrain 2000.
2. Flow Capacity, per unit width, ASTM D 4716: 18 gpm/ft. (224 lpm/m) .

3. Flow Rate, ASTM D 4491: 100 gpm/ft2 (4,074 lpm/m2).

4. Apparent Opening Size: No. 40 sieve (380 micron).

5. Puncture Strength, ASTM D 4833: 105 lb (470 N).

6. Core Compressive Strength, ASTM D 1621: 21,000 lb/ft2 (1025 kN/m2).

7. Thickness: 0.437 inch (11 mm).
Specifier: Tremco TREMDrain S drainage panel is for use at underslab and split slab locations requiring the highest compressive strength core. It includes a polymeric film backer.

E. Nonwoven-Geotextile-Faced, Molded-Sheet Drainage Panel: Manufactured composite subsurface drainage panels consisting of a nonwoven, spun-bonded polypropylene facing laminated to one side of a studded, non-biodegradable, polystyrene drainage core, with polymeric film attached to back of drainage core.

1. Basis of Design: Tremco, TREMDrain S.

2. Flow Capacity, per unit width, ASTM D 4716: 9 gpm/ft. (112 lpm/m).

3. Flow Rate, ASTM D 4491: 80 gpm/ft2 (3260 lpm/m2).

4. Apparent Opening Size: No. 80 sieve (180 micron).

5. Puncture Strength, ASTM D 4833: 50 lb (222 N).

6. Core Compressive Strength, ASTM D 1621: 30,000 lb/ft2 (1440 kN/m2).

7. Thickness: 0.25 inch (6.35 mm).
Specifier: Tremco TREMDrain GS 0.5 inch thick three-layer drainage panel is for use at planters. It includes a polymeric film backer; the core also functions as a water retention layer. GS mats are available with optional copper hydroxide-treated root control polymeric film to help control aggressive plant root structures.

F. Nonwoven-Geotextile-Faced, Molded-Sheet Drainage Panel: Manufactured composite subsurface drainage panels consisting of a nonwoven, needle-punched spun-bonded polypropylene facing laminated to one side of a studded, non-biodegradable, polystyrene drainage core, with [copper hydroxide-treated root control] polymeric film attached to back of drainage core.

1. Basis of Design: Tremco, TREMDrain GS.
2. Flow Capacity, per unit width, ASTM D 4716: 18 gpm/ft. (224 lpm/m).

3. Flow Rate, ASTM D 4491: 80 gpm/ft2 (3260 lpm/m2).

4. Apparent Opening Size: No. 80 sieve (180 micron).

5. Puncture Strength, ASTM D 4833: 50 lb (222 N).

6. Core Compressive Strength, ASTM D 1621: 15,000 lb/ft2 (732 kN/m2).

7. Thickness: 0.5 inch (12 mm).
Specifier: Tremco TREMDrain GS 1.0 inch thick three-layer drainage panel is for use at planters. It includes a polymeric film backer; the core also functions as a water retention layer. GS mats are available with optional copper hydroxide-treated root control polymeric film to help control aggressive plant root structures. Below has higher flow capacity than above.

G. Nonwoven-Geotextile-Faced, Molded-Sheet Drainage Panel: Manufactured composite subsurface drainage panels consisting of a nonwoven, spun-bonded polypropylene facing laminated to one side of a studded, non-biodegradable, polystyrene drainage core, with [copper hydroxide-treated root control] polymeric film attached to back of drainage core.

1. Basis of Design: Tremco, TREMDrain GS.
2. Flow Capacity, per unit width, ASTM D 4716: 80 gpm/ft. (994 lpm/m).

3. Flow Rate, ASTM D 4491: 80 gpm/ft2 (3,260 lpm/m2).

4. Apparent Opening Size: No. 80 sieve (180 micron).

5. Puncture Strength, ASTM D 4833: 50 lb (222 N).

6. Core Compressive Strength, ASTM D 1621: 9,000 lb/ft2 (431 kN/m2).

7. Thickness: 1 inch (25 mm).
Specifier: Tremco TREMDrain TotalDrain is a two-layer drainage panel with high-profile drainage section for water collection and flow around the structure plus a transition section to connect to other TREMDrain panels, for use on backfilled walls and blindside walls.

H. Nonwoven-Geotextile-Faced, Molded-Sheet Drainage Panel: Manufactured composite subsurface drainage panels consisting of a nonwoven, needle-punched polypropylene facing laminated to one side of a studded, non-biodegradable, polystyrene drainage core.

1. Basis of Design: Tremco, TREMDrain TotalDrain.
2. Flow Capacity, per unit width, ASTM D 4716: 18 gpm/ft. (224 lpm/m).

3. Flow Rate, ASTM D 4491: 150 gpm/ft2 (6,113 lpm/m2).

4. Apparent Opening Size: No. 70 sieve (210 micron).

5. Puncture Strength, ASTM D 4833: 70 lb (310 N).

6. Core Compressive Strength, ASTM D 1621: 9,000 lb/ft2 (431 kN/m2).

7. Thickness: 0.437 inch (11 mm).
PART 3 -  EXECUTION

3.1 EXAMINATION

A. Surface Condition: Before applying waterproofing materials, examine substrate and conditions to ensure substrates and conditions.
B. Proceed with installation only after unsatisfactory conditions have been corrected.

3.2 INTERFACE WITH OTHER WORK

A. Sequencing of Work: Coordinate sequencing of waterproofing work with work of other sections that form portions of building envelope moisture control to ensure that flashings and transition materials can be properly installed and inspected.
B. Subsequent Work: Coordinate waterproofing work with work of other sections installed subsequent to waterproofing to ensure complete inspection of installed waterproofing and sealing of waterproofing penetrations necessitated by subsequent work.

3.3 PREPARATION

A. Clean, prepare, and treat substrates.
B. Formed Concrete Surfaces: Remove fins and projections. Fill voids, rock pockets, form-tie holes, and other defects greater than 1/2 inch (12 mm) in depth in accordance with manufacturer's written instructions.

C. Excavation Support and Protection System: If water is seeping, use plastic protection sheets or other suitable means to prevent wetting the bentonite waterproofing. Fill minor gaps and spaces 1 inch (25 mm) wide or wider with wood, metal, concrete, or other appropriate filling material. Cover or fill large voids and crevices with cement mortar.
3.4 INSTALLATION, GENERAL

A. Install waterproofing and accessories according to manufacturer's written instructions.

1. Apply Paragranular around penetrations in horizontal surfaces and changes in plane according to manufacturer's details.

2. Apply Paramastic at changes of plane, construction joints in substrate, projections, and penetrations.

3. The HDPE liner system shall be installed as shown on the Contract Drawings and as recommended by the manufacturer.  Where manufacturer installation guidelines are more stringent that specified herein, the manufacturer guidelines shall be adhered to.  The Contractor shall be responsible for quality assurance during the installation procedures.

B. The Installer, the waterproofing material manufacturer's representative, and the Waterproofing Consultant shall examine the substrates and other conditions under which this section's work shall be performed.  The Waterproofing manufacturer's representative shall provide a letter chronicling all circumstances detrimental to the proper completion of the work.  Do not proceed with work until unsatisfactory conditions are corrected and are acceptable for compliance with manufacturer's warranty requirements.

C. The Shoring Contractor shall install cement board at grade line over future cuts in the beams to prevent damage to the waterproofing membrane or the Contractor may precut the front side of the steel "I" beams.

3.5 SURFACE PREPARATION

A. Protect adjacent work areas and finish surfaces from damage or contamination from waterproofing products during installation operations.

B. Under Slab Assembly:  A minimum 2-inch mud slab shall be installed across the entire project site with the membrane system being installed on top of the mud slab.  A second 2-inch protection slab shall be poured over the membrane to provide a protection surface.  A mat slab will be poured in appropriate sequencing. 

C. Wood lagging shoring: Excavation contractor shall provide wood lagging shoring extending to the lowest level of the waterproofing installation. All lagging boards in hydrostatic condition must be grouted in place. Any voids or cavities exterior of the lagging filled cementitious grout. Interior surface of lagging boards should be monolithic and tight together with gaps less than ½” inch.  Fill gaps in excess of ½” inch with cementitious grout.  

D. Clean expansion joints, prime, fit with a proper compression seal product and seal with polyurethane sealant or applicable expansion joint assembly product manufactured by others. Expansion joint material manufacturer is responsible for water tightness of the expansion joint material. 

E. At all locations where water seepage is occurring through wood lagging, Contractor shall install a 12-mil thick visqueen layer directly over the lagging prior to installation of the waterproofing system.

3.6 FIELD SEAMS AND PANEL OVERLAPS

A. Seams shall meet the following requirements:
1. Maximum extent possible, orient seams parallel to line of slope, i.e., down and not across slope.

2. Minimize number of field seams in corners, odd-shaped geometric locations and outside corners.

3. Slop seams (panels) shall extend minimum of five-feet beyond grade break into flat area.

4. Align seam overlaps consistent with requirements of welding equipment being used.  5 to 6-inch overlap is commonly suggested.

5. Provide at least one Certified Applicator who shall provide direct supervision over other welders as necessary.

B. Extrusion Welding
1. Hot air tack adjacent pieces together using procedures that do not damage the Geomembrane.

2. Clean Geomembrane surface by disc grinder or equivalent.
3. Purge welding apparatus of heat-degraded extrudate before welding.

C. Hot-Wedge Welding 
1. Welding apparatus shall be self-propelled device equipped with electronic controller that displays applicable temperatures.

2. Clean seam area of dust, mud, moisture and debris immediately ahead of hot wedge welder.

3. Protect against moisture build-up between sheets

D. Penetrations
1. Provide all necessary details and materials to properly seal any penetrations to the Geomembrane (i.e. boots, gaskets and clamps).

2. Install in accordance with manufacturer’s recommendations

E. Trial Welds
1. Perform trial welds on Geomembrane samples to verify welding equipment is operating properly.

2. Make trial welds under same surface and environmental conditions as production welds, i.e., in contact with subgrade and similar ambient temperature.

3. Minimum of two trial welds per day, per welding apparatus, one made prior to start of work and one completed at mid shift

4. Cut four, one-inch wide by six-inch ling test strips from the trial weld.

5. Quantitatively test specimens for peel adhesion, and then for shear strength.

6. Trial weld specimens shall pass when the results are achieved in both peel and shear test.

a. Peel strength (fusion): 98 pounds per inch, ASTM D 6392.

b. Peel Strength (extrusion): 78 pounds per inch, ASTM D 6392.

c. Shear Strength: 121 pounds per inch, ASTM D 6392.

7. The break, when peel testing, occurs in the liner material itself, not through peel separation (FTB).

8. The break is ductile.

9. Repeat the trial weld, in it’s entirely, when any of trial weld samples fail in either peel or shear.

10. No welding equipment or welder shall be allowed to perform production welds until equipment and welders have successfully completed trial weld.

11. Seaming shall not proceed when ambient air temperature or adverse weather conditions jeopardize integrity of liner installation.  Contractor shall demonstrate that completing acceptable trial welds can perform acceptable seaming.

12. Field seams shall be tested using appropriate test standards and manufacturers recommended and approved methods.  The testing of the field seams shall be the responsibility of the Contractor and should meet the QC criteria recommended by the manufacturer.  The methods applied for testing field seams or wells shall include non-destructive testing, destructive testing, field vacuum testing, laboratory testing, etc., and other recommended and applicable tests.

13. Upon completed tests on the exposed black H.D.P.E. seams, install a continuous layer of three inch wide Para Stick N’ Dry tape over, adhere with Paraprimer.
3.7 MEMBRANE INSTALLATION OVER COMPOSITE DRAINAGE BOARD AT LAGGING WALLS

A. Install Paraseal GM membrane with the gray, bentonite side to be in direct contact with shotcrete and over a continuous layer of TREMdrain drainage board.

B. On shoring walls to receive shotcrete, install membrane with a minimum 6 inch sheet edge overlaps.  Tack membrane to highest point of shoring.  All overlaps must be either extrusion or wedge welded.  Upon completion install a three wide strip of Para Stick N’ Dry tape centered over completed HDPE weld and adhere with Paraprimer.       

C. Verify which penetrations must be accessed after concrete placement for completion of waterproofing detail treatment and ensure that sufficient access to membrane is provided within a wood formed box out; verify which penetrations will not be accessed after concrete placement for completion of waterproofing detail treatment and ensure that final detailing procedures are completed prior to shotcreting/guniting; waterproof penetrations in accord with manufacturer’s current procedures; contact manufacturer for procedures at  project conditions not provided in installation manuals. 

D. There should be no rebar anchorage & shotcrete wire screed pins that penetrate into the installed membrane.  Threaded rods must be welded to the face of the steel “I” beam.   Cut Paraseal GM close around welded rod.  Install closed cell neoprene rubber washer with galvanized square plate washers placed over and bolt down tight to compress rubber washers with 1/2 inch stainless steel nut and washer.  Finally, caulk over entire assembly with either Vulkem 116 or Dymeric 240 FC polyurethane sealant. 

E. Prevent waterproofing products from hydrating before material is contained with concrete, shotcrete, or backfill. When threat of rain is imminent, installed products not already contained should be covered with polyethylene sheeting to decrease the chance of hydration.  After any precipitation, pump standing water off waterproofing as soon as possible and repair damaged membrane.

F. Inspect finished membrane installation and repair any damaged material prior to shotcrete placement.   Assure that membrane is not displaced during shotcrete placement.
G. Complete waterproofing details and terminations at grade line coordinating with other trades.

H. Cut and secure to fit tightly around all tieback heads.  Then install 26 gauge fabricated sheet metal cover over tieback head.  Prior to installing cover, fill cavity of cover with a 50/50 mix of mastic and water stoppage (granular bentonite).  Secure flanges of metal cover to lagging with fasteners. Cut and secure an extra section of membrane around the sheet metal cover; installing the membrane section over the flanges and extending outward from the cover a minimum 12-inch radius.  Finally, detail around the base of sheet metal cover with ¾” inch cant of mastic.  A preformed TB-boot can be used in lieu of the fabricated sheet metal box as a tie-back head cover following the instructions above.

3.8 MEMBRANE INSTALLATION AT CMU BLOCK WALLS

A. Install membrane sheets in vertical or horizontal lifts with HDPE-side facing applicator to prepared surfaces conforming to manufacturer's requirements.

B. Securely fasten membrane sheets to wall surfaces with fasteners along top edge at 12 inches on center.  Securely fasten at 24 inches on center along vertical edge to be overlapped by subsequent membrane sheet.  Align fasteners to be fully covered by overlapping membrane.

C. Install subsequent membrane sheets to overlap previous sheets 3-1/2 inches.  Align overlaps and effect overlap seals.

D. Start horizontal orientation at lowest portion of wall and overlap in shingle fashion with staggered end laps.

E. Extend membrane onto footing surfaces 6-inch minimum.  Overlap below-slab membrane 6-inch minimum.  Securely fasten 18 inches on center to tops of footings and horizontal shelves.  Cover fasteners completely with seam tape and roll-press affecting a vapor tight seal.

F. Waterproof penetrations in accord with manufacturer's recommendations to affect a vapor tight seal.

G. Install composite drainage board over entire membrane surface in accordance with manufacturer's installation criteria.

3.9 FIELD QUALITY CONTROL

A. Contractor's Inspector: Contractor shall engage manufacturer's qualified Inspector full-time during the Work to perform tests and inspections, including documenting of waterproofing prior to concealment.

1. Continuous non-destructive testing of all membrane seams in accordance with
a. Vacuum Test: In accordance with ASTM D 5641, Geomembrane Seam Evaluation by Vacuum Chamber

b. Air Pressure Testing: in accordance with ASTM D 5820, Pressurized Air Channel Evaluation of Dual Seamed Geomembranes

c. Copper Spark Test: In accordance with ASTM D6365, Testing Extrusion Weld Seams with embedded copper wire

2. Provide written report of tests and inspections.
B. Testing Agency (3rd Party Consultant): ]Owner will][General Contractor shell] engage a qualified testing agency to inspect substrate conditions, surface preparation, waterproofing application, protection, and drainage components, and to furnish reports to Architect and warranting manufacturer. Testing Agency shall inspect membrane prior to concrete placement to verify that other trades have not damaged, penetrated the installed membrane. Testing will include but not be limited to the following:
1. Vacuum Test: In accordance with ASTM D 5641, Geomembrane Seam Evaluation by Vacuum Chamber.

2. Air Pressure Testing: in accordance with ASTM D 5820, Pressurized Air Channel Evaluation of Dual Seamed Geomembranes.

3. Copper Spark Test: In accordance with ASTM D 6365, Testing Extrusion Weld Seams with embedded copper wire

C. Coordination of Testing: Cooperate with testing agency. Allow access to work areas and staging. Notify testing agency in writing of schedule for Work of this Section to allow sufficient time for testing and inspection. 

1. Do not cover Work until testing and inspection is completed and accepted
D. Contractor shall provide Consultant with all seam samples under going testing for trail and destructive testing.  Consultant will archive the submitted seam samples for potential destructive testing

E. At minimum, one archived seam sample will be tested by Consultant every 4,500 lineal feet of seam length for peel adhesion and bonded seam strength.

F. Seam strength test results will be evaluated by same criteria specified for Quality Control testing.

G. If deemed necessary by the Consultant, additional seam samples may be tested to verify the GC testing performed by the Contractor.

H. As soon as Consultant GC test data is available, the Contractor will be verbally notified of the test results and Contractor, if necessary will employ appropriate remedial measures.

I. Reporting: Forward written inspection reports to the Architect within 10 working days of the inspection and test being performed.

J. Correction: Correct deficient applications not passing tests and inspections, make necessary repairs, and retest as required to demonstrate compliance with requirements.

K. Defects and Repairs

1. Examine all seams and non-seam areas of the Geomembrane for defects, holes, blisters, undispersed raw materials, and any sign of contamination by foreign matter.

2. Repair and non-destructively test each suspect location in both seam and non-seam areas. Do not cover Geomembrane at locations that have been repaired until test results with passing values are available.

3. Remove damaged Geomembrane and replace with acceptable Geomembrane materials if damage cannot be satisfactorily repaired.

4. Repair any portion of unsatisfactory Geomembrane or seam area failing destructive or non-destructive test.

5. Contractor shall be responsible for repair of defective areas.

6. Agreement upon appropriate repair method shall be decided between Architect and Contractor by using one of the following repair methods:

a. Patching – Used to repair large holes, tears, undispersed raw materials and contamination by foreign matter.

b. Abrading and Re-welding used to repair short section of seam.

c. Spot Welding – Used to repair pinholes or other minor, localized flaws or where Geomembrane thickness has been reduced.

d. Capping – Used to repair long lengths of failed seams.

e. Flap Welding – Used to extrusion weld the flap (excess outer portion) of fusion weld in lieu of full cap.

f. Remove unacceptable seam and replace with new material.
7. The following procedures shall be observed when repair method is used:

a. Geomembrane surfaces shall be clean and dry at time of repair.

b. Surfaces of polyethylene that are to be repaired by extrusion welds shall be lightly abraded to ensure cleanliness.

c. Extend patches or caps at least 6 inches for extrusion welds and 4-inches for wedge welds beyond edge of defect, and around all corners of patch material.
8. Repair Verification
a. Number and log each patch repair. 

b. Non-destructively test each repair using methods epecified in this specification. 
3.10 CLEANING AND PROTECTING

A. Clean spills, stains, and overspray resulting application utilizing cleaning agents recommended by manufacturers of affected construction. Remove masking materials.

B. Protect waterproofing from damage from subsequent work. Protect waterproofing materials from exposure to UV light for period in excess of that acceptable to waterproofing manufacturer; replace overexposed materials and retest.

END OF SECTION
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