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Item # Description Quantity Unit
1 Non-Reinforced Geosynthetic Clay Liner Supply* SF
2 Non-Reinforced Geosynthetic Clay Liner Installation 280,840 SF
3 Reinforced Geosynthetic Clay Liner Supply* SF
4 Reinforced Geosynthetic Clay Liner Installation 18,430 SF
5 Smooth Geomembrane Liner Supply* SF
6 Smooth Geomembrane Liner Installation 280,840 SF
7 Textured Geomembrane Liner Supply* SF
8 Textured Geomembrane Liner Installation 18,430 SF
9 Single-Sided Drainage Geocomposite Supply* SF

10 Single-Sided Drainage Geocomposite Installation 280,840 SF
11 Double-Sided Drainage Geocomposite Supply* SF
12 Double-Sided Drainage Geocomposite Installation 18,430 SF
13 Geotextile for Leachate Collection System Supply 27,000 SF

Bid Items

* Bidder to calculate the lap/scrap factor for supply of geosynthetic clay liner, geomembrane liner, and drainage 
geocomposite and fill in the quantities, unit price, and total for these line items.

The quantity shall provide the amount of material required to be delivered to the site to complete installation in the 
project area.

The installed area is calculated by Engineer as 3D surface area and includes material to be placed in the anchor 
trench.  The supplied material must cover the given installed area with allowance for scrap and overlaps typical to 
each material type.  No additional payment will be made if supplied material does not cover given installed area and 
Contractor may be liable for time delay in getting additional material delivered to the project site.





 

SAN ANGELO LANDFILL 
CELL 11A CONSTRUCTION 

 
TECHNICAL SPECIFICATIONS

 



SECTION 01010 
SUMMARY OF WORK 

 
 
PART 1 GENERAL 
 
1.01 SECTION INCLUDES 
 

A. Project site location and access. 
B. Scope of work. 
C. Construction sequence. 
D. Access to the site by authorized agencies of the Owner. 
E. This section supplements the requirements specified in the General Conditions, 

Supplementary Conditions, and Construction Plans. If the requirements of this section and 
conditions noted above conflict, the Contractor shall adhere to the more stringent requirement 
as determined by the Owner/Engineer. 

 
1.02 PROJECT SITE LOCATION AND ACCESS 
 

A. The Site (also referred to in the Contract Documents as Project Site) is the City of San 
Angelo Landfill.  The site is located about 3 miles northeast of the City of San Angelo on Old 
Ballinger Highway in Tom Green County, Texas. 

B. Access to the work areas is via the existing entrance on Old Ballinger Highway. 
 
1.03 SCOPE OF WORK 
 

A. Principal features of the work may include: 
1. Supply and installation of non-reinforced and reinforced geosynthetic clay liner 
2. Supply and installation of smooth and textured geomembrane liner  
3. Supply and installation of single-sided and double-sided drainage geocomposite 
4. Supply of geotextile for leachate collection system 

B. The above description of the work is for general information only, and does not limit the 
responsibility of the Contractor to accomplish the work in strict accordance with the Contract 
Drawings and Specifications. 

C. Environmental Observations: The Work shall be performed in strict accordance with the 
applicable requirements of the state and local agencies having jurisdiction, and in accordance 
with the requirements of the General Conditions, the Supplementary Conditions, and these 
Specifications. 

 
1.04 CONSTRUCTION SEQUENCE 
 

A. Meetings may be conducted between the Owner/Engineer and Contractor prior to starting 
each sequence of construction. The intent of these meetings is to review and discuss 
specification requirements for that particular sequence of construction.  During these 
meetings, the Contractor shall present a construction plan for each construction sequence as 
applicable outlining and detailing the equipment, personnel, schedule and materials required, 
including source, transportation, excavation, placement, and compaction of materials 
proposed. 

B. The Contractor may be required to attend and participate in construction progress meetings. 
The purpose of these meetings is to bring to the attention of the Contractor, the Specification 
requirements, including quality control, as well as safety considerations of a particular phase 
of the Work prior to initiation of the activities.  
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1.05 ACCESS TO WORK 
 

A. The authorized representatives of the Texas Commission on Environmental Quality will also 
have the right of access to inspect the Work covered by these Contract Documents during 
the performance of this Contract. 

B. These inspections will be performed in the presence of the Owner/Engineer. 
 
 
PART 2 PRODUCTS 
 
(Not Used) 
 
 
PART 3 EXECUTION 
 
(Not Used) 
 
 

END OF SECTION 
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SECTION 01019 
MOBILIZATION AND DEMOBILIZATION 

 
 
PART 1 GENERAL 
 
1.01 SECTION INCLUDES 
 

A. Mobilization of all construction equipment, materials, supplies, appurtenances, and the like, 
manned and ready for commencing and performing the work.  Assembly and delivery to the 
site or plant, equipment, materials, and supplies necessary for the performance of the work 
but which are not intended to be incorporated in the work; preparation of the Contractor’s 
work area; complete assembly, and in working order, of equipment necessary to perform the 
required work; personnel services preparatory to commencing actual work; and all other 
preparatory work required to permit commencement of actual work on construction items for 
which payment is provided under the Contract. 

B. Demobilization of all construction, equipment materials (excluding surplus materials specified 
to remain on site), supplies, appurtenances, and the like; and cleaning and restoration of the 
site upon completion of the work. 

 
PART 2 PRODUCTS 
 
(Not Used) 
 
PART 3 EXECUTION 
 
(Not Used) 
 
 

END OF SECTION 
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SECTION 01190 
HEALTH AND SAFETY 

PART 1 GENERAL 
 
1.01 SECTION INCLUDES 

A. General requirements for the protection of Health and Safety of personnel involved in the 
construction of the Project. 

B. General requirements for furnishing services of a Safety Monitor. 
C. Preparation of Safety Program.  

1.02  RELATED SECTIONS 

A. Section 01010 - Summary of Work 
B. Section 02315 – Excavating, Backfilling, and Compacting 

1.03 REFERENCES 

A. The CONTRACTOR shall be familiar with the Safety Guidelines as prepared by the Solid 
Waste Association of North America (SWANA) National Landfill Gas Committee in 
August 1991. Copies may be obtained by writing to SWANA, 1100 Wayne Avenue, 
Suite 650, Silver Spring, Maryland 20910, telephone number 301-585-2898. 

1.04  QUALITY ASSURANCE 

A. Nothing in this Section shall preclude the CONTRACTOR from complying with the more 
stringent requirements of the applicable Federal, State, County, OWNER and Industry 
Standards, rules, and regulations. 

 
1.05  HAZARDOUS SITE CONDITIONS 

A. The CONTRACTOR is advised that the construction of this project is being performed over 
and adjacent to buried wastes and refuse. As these buried materials decompose 
anaerobically, they will generate landfill gas (LFG), which normally consists of carbon 
dioxide (CO2), methane (CH4), and occasionally hydrogen sulfide (H2S) and other gases, 
depending on the composition of the buried materials. These gases usually vent to the 
atmosphere through the cover soil, but may migrate laterally over 1,000 feet to adjacent 
areas depending on site and weather conditions. 

 
B. The following landfill and LFG related information is included to assist the CONTRACTOR in 

developing his Safety Program and is not intended to encompass all steps that may be 
necessary to protect the workers or to comply with applicable regulations. A copy of the 
Safety Program shall be submitted to the OWNER and to the ENGINEER for their 
information. 

 
1. Landfill gases usually vent to the atmosphere through the cover soils, but may 

migrate laterally to adjacent areas depending on site and weather conditions. 
2. Landfills have the potential to create hazardous conditions if working conditions 

are not controlled or recognized. Some of the hazards are: 
a. Fires may start spontaneously from exposed and/or decomposing refuse. 
b. Fires and explosions may occur from the presence of methane gas. 
c. Landfill gases may cause an oxygen deficiency in underground trenches, vaults, 

conduits, and structures. 
d. Hydrogen sulfide, a highly toxic and flammable gas, or other toxic gas may be 

present. 
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e. Possible caving of trenches and excavations when working over or in refuse fills. 
f. Splash hazards associated with landfill leachate and LFG condensate. 

 
1.06  SAFETY MONITOR 

A. The CONTRACTOR shall provide a person who will be designated as the LFG Safety 
Monitor. The Safety Monitor shall be thoroughly trained in rescue procedures, and in the use 
of safety equipment and gas detectors. He shall be present at all times during working hours 
whenever open trenches or excavations are greater than 2 feet in depth, when refuse is 
exposed, or when LFG is likely to be present. 

B. The Safety Monitor shall have appropriate instruments (detector[s]) to test for oxygen 
deficiency and for the presence of methane gas and hydrogen sulfide gas. A personal gas 
monitor (such as Lumidor Safety Products PGM13, Gas Tech GX-82, Model 1641, or similar 
unit[s]) shall be available for this purpose. The Safety Monitor shall periodically calibrate his 
instruments and regularly test the excavation areas and other work space for safe working 
conditions and ensure that appropriate safety equipment is available at the site. 

C. The Safety Monitor shall have the delegated authority to order workers on the project site to 
comply with the LFG safety requirements. Failure to observe his order shall be cause for 
removal of the worker from the project. 

1.07  SAFETY PROGRAM 

A. Supplemental to the CONTRACTOR's regular safety program, the CONTRACTOR shall 
develop and institute procedures to inform all workers and site visitors of the potential for the 
presence of methane and other landfill gases emanating from the natural decomposition of 
refuse buried at or near the job site and the importance of safety precautions to ensure the 
safety of workers and the public. The CONTRACTOR shall also instruct all workers and 
maintain strict control of construction activities to protect and maintain the integrity of the 
work features as they are installed. 

1.08  SAFETY PRECAUTIONS 

A. In addition to conforming to the safety rules and regulations of governmental authorities 
having jurisdiction, the CONTRACTOR shall take the following precautionary measures: 

1. Periodically during construction, the work space should be monitored for concentrations 
of methane and hydrogen sulfide. Workers shall not be permitted to enter a workspace 
where there is an oxygen deficiency or a combustible mixture of gases without 
appropriate protection. Positive fan-forced ventilation to dilute gas mixtures and avoid 
oxygen deficiency should be provided when work is necessary in any workspace. 

2. Smoking shall be strictly prohibited in all areas of the landfill. 
3. In the event toxic gases are present at concentrations hazardous to the workers or the 

general public, the CONTRACTOR shall immediately evacuate all persons from the area 
until the area is determined safe by the Safety Monitor. 

4. Soil shall be stockpiled adjacent to the work space in areas of exposed refuse for fire-
fighting purposes. 

5. The use of explosives or firearms shall not be permitted on the site. 
6. If refuse is exposed during construction activities, it shall be covered as soon as possible 

after exposure with at least a 6-inch layer of soil. In no event shall the refuse remain 
exposed overnight, unless otherwise approved by the OWNER/ENGINEER and/or the 
local health authorities. 

7. If refuse is excavated during construction activities, it shall be disposed of at the Site, as 
directed by the OWNER/ENGINEER. Contractor to comply with Texas Commission on 
Environmental Quality rules and site operating practices for covering any excavated or 
exposed refuse to control odors while performing this project. Refuse stockpiles shall be 
removed from the work site before the end of work each day. 

8. The Site will accept refuse that results from the construction of the work specified in the 
Contract Drawings and Specifications. 
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9. Arrangements for waste disposal must be coordinated with the Site Manager. The cost of 
handling and hauling refuse spoils shall be considered as included in the contract price 
for the pay item with which they are included. The OWNER will waive the cost associated 
with disposal of the refuse spoils at the working face. 

10. No welding shall be permitted in trenches, enclosed areas, or over refuse unless 
performed in areas of the site tested and approved by the Safety Monitor. 

11. Combustion engine powered construction equipment used in excavating activities and/or 
refuse removal operations shall be equipped with vertical exhaust and spark arrestors. 

12. Electric motors and controls utilized in excavation areas and in below ground work 
spaces shall be explosion-proof. 

13. As construction progresses, all pipe openings and valves shall be closed as soon as 
installed to prevent the migration of gases through the pipeline systems. 

 
B. Trench and Site Safety.  If not already included in the standard safety practices, the 

CONTRACTOR should include Occupational Health and Safety Act (OSHA) training 
(29 CFR 1910) and the following measures in his safety program: 

 
1. For all excavations and trenches, the CONTRACTOR shall comply with all federal, state 

and local requirements for trench safety. 
2. The trench excavation safety system shall be used for all trench excavations deeper than 

five (5) feet.  The Excavation and Trenching Operation Manual of OSHA shall be the 
minimum governing requirement of this item and is hereby made a part of this 
specification.  The design of the trench excavation safety protection system shall be 
performed by or under the supervision of a professional engineer licensed to practice in 
the state of Texas. 

3. Any personnel working near the edge of excavations, manholes, or similar construction 
should wear a parachute-type harness securely attached to a lanyard.  The lanyard 
should be made as short as possible and securely fastened to a safe object such as a 
parked vehicle or drill rig. 

4. Shoring shall be installed for all trenches over 5 feet in depth.  Safe and suitable ladders 
that project at least 3 feet above the top of the trench should be provided for all trenches.  
A minimum of one ladder should be provided for each 100 feet of open trench, or fraction 
thereof, and be so located that workers in the trench need not move more than 50 feet to 
a ladder. 

5. Workers shall not be allowed to work alone at any time in an excavation. Work parties of 
at least three workers shall be mandatory, with one worker outside of the hazard area 
and another worker within hailing distance to assist in an emergency. 

6. Inhalation of landfill gases shall be avoided. Such gases or oxygen-deficient air may 
cause nausea and dizziness, which could lead to accidents. Work upwind of the 
excavation where possible, unless the excavation is constantly monitored and declared 
safe. 

7. Workers shall avoid contact with exposed refuse, condensate, or leachate. Irritants or 
hazardous materials may be present. 

8. No excavation or drilled hole greater than 2 feet deep shall be left unattended or left open 
at any time unless it is securely covered in a safe manner acceptable to the regulatory 
agency having jurisdiction. 

9. Fire extinguishers with a rating of at least “B” shall be available at all times on the site. 
10. Startup and shutdown of equipment shall be avoided in areas of exposed refuse. 
11. Personnel, when in an open excavation or in the presence of landfill gas, shall be fully 

clothed with non-sparking cloth, wear shoes with non-metallic soles, and wear a hard hat 
and safety goggles or glasses. The excavation shall be monitored continuously in a 
manner satisfactory to the Safety Monitor for the presence of methane, hydrogen sulfide, 
and oxygen for the duration that personnel are in an excavation. Workers should 
immediately vacate an excavation if methane, hydrogen sulfide, or oxygen deficiency is 
detected therein, and shall not be permitted to re-enter the excavation unless 
satisfactory precautionary measures for a safe work environment are implemented. 
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12. Assembly of construction work shall be performed outside of trenches or excavations. 
Prefabricated items shall be lowered into excavations. Only final connections may be 
made within trenches with the necessary precautions stated. 

PART 2 PRODUCTS 
 
(Not Used) 

PART 3 EXECUTION 
 
(Not Used) 
 

END OF SECTION 

San Angelo Landfill Cell 11A 01190-4 Health and Safety 
F:\Proj\225\02 Landfill Operations\208\Geosynthetics Bid Package\Specs\01190.doc  Section 01190 



SECTION 01302 
MEASUREMENT AND PAYMENT 

 
 

PART 1 GENERAL 
 
1.01 SECTION INCLUDES 
 
The "Bid Price" for each and every item, as set forth in the Proposal, shall include the furnishing of all 
labor, tools, materials, machinery, appliances, plant, and equipment appurtenant to and necessary for the 
construction and completion in a first class, workmanlike manner of all work as herein specified in strict 
accordance with these Specifications and accompanying Plans.  The "Bid Price" shall also include any 
and all kinds, amount, or class of excavation, backfilling, pumping, or drainage; sheeting, shoring, and 
bracing; disposal of any and all surplus materials; protection of all overhead, surface, or underground 
structures; removal and replacement of any poles, conduits, pipelines, appurtenances, and connections; 
cleaning up, overhead expense, bond, public liability and compensation and property damage insurance, 
patent fees, royalties, risk due to the elements, and profits, unless otherwise specified. 
 
The bid price shall also include all other incidentals not specifically mentioned above that may be required 
to fully construct each and every item complete in place in accordance with the true intent and meaning of 
the Specifications and accompanying Plans. 
 
The actual installed amount for each item, including underages and overages from the initial bid amount, 
will be paid for based upon the original unit price amount in the bid proposal. 
  
The CONTRACTOR shall take all measures necessary to protect existing structures on the areas 
adjacent to the work, and if damaged, shall replace them in as good condition or better than previously 
existed at his own cost and expense without additional compensation from the OWNER. 
 
Listed below are descriptions of items as listed in the Proposal and the manner in which payment shall be 
awarded for each.  If there is not a specific measurement and/or payment section, paragraph, or item 
associated with each Technical Specification contained in this Contract Document, then the following 
descriptions shall be used to describe measurement and payment. 
 
 
PART 2 BASE BID ITEMS 
 
2.01 ITEMS NO. 1 AND 2 – NON-REINFORCED GEOSYNTHETIC CLAY LINER 
 
The unit price bid on the per square foot basis shall be full compensation for all parts, labor, materials, 
and incidentals required for the Non-Reinforced Geosynthetic Clay Liner within the project area as 
specified in the Specifications and shown on the Plans or as directed by the OWNER. 
 
2.02 ITEMS NO. 3 AND 4 – REINFORCED GEOSYNTHETIC CLAY LINER 
 
The unit price bid on the per square foot basis shall be full compensation for all parts, labor, materials, 
and incidentals required for the Reinforced Geosynthetic Clay Liner within the project area as specified in 
the Specifications and shown on the Plans or as directed by the OWNER. 
 
2.03 ITEMS NO. 5 AND 6 – SMOOTH GEOMEMBRANE LINER 
 
The unit price bid on the per square foot basis shall be full compensation for all parts, labor, materials, 
and incidentals required for the Smooth Geomembrane Liner within the project area as specified in the 
Specifications and shown on the Plans or as directed by the OWNER. 
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2.04 ITEMS NO. 7 AND 8 – TEXTURED GEOMEMBRANE LINER 
 
The unit price bid on the per square foot basis shall be full compensation for all parts, labor, materials, 
and incidentals required for the Textured Geomembrane Liner within the project area as specified in the 
Specifications and shown on the Plans or as directed by the OWNER. 
 
2.05 ITEMS NO. 9 AND 10 – SINGLE-SIDED DRAINAGE GEOCOMPOSITE 
 
The unit price bid on the per square foot basis shall be full compensation for all parts, labor, materials, 
and incidentals required for the Single-Sided Drainage Geocomposite within the project area as specified 
in the Specifications and shown on the Plans or as directed by the OWNER. 
 
2.06 ITEMS NO. 11 AND 12 – DOUBLE-SIDED DRAINAGE GEOCOMPOSITE 
 
The unit price bid on the per square foot basis shall be full compensation for all parts, labor, materials, 
and incidentals required for the Double-Sided Drainage Geocomposite within the project area as specified 
in the Specifications and shown on the Plans or as directed by the OWNER. 
 
2.07 ITEM NO. 13 – GEOTEXTILE FOR LEACHATE COLLECTION SYSTEM 
 
The unit price bid on the per square foot basis shall be full compensation for all parts, labor, materials, 
and incidentals required for the Geotextile for Leachate Collection System within the project area as 
specified in the Specifications and shown on the Plans or as directed by the OWNER. 
 
 
 

END OF SECTION 
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SECTION 02070 
GEOTEXTILES 

 
 
PART 1 GENERAL 
 
1.01 SECTION INCLUDES 
 

A. Materials and installation of geotextiles in leachate collection system. 
 
1.02 RELATED SECTIONS 
 

A. Section VIII – Soil and Liner Quality Control Plan (SLQCP) 
 
1.03 QUALITY ASSURANCE 
 

A. Quality Assurance shall be performed in accordance with Section VIII. 
B. CQA monitor shall be present at all times during geotextile installation activities. 

 
1.04 REFERENCES 
 

A. ASTM D 4751 Standard Test Method for Determining Apparent Opening Size of a 
Geotextile 

B. ASTM D 4716 Test Method for Determining the (In-plane) Flow Rate per Unit Width and 
Hydraulic Transmissivity of a Geosynthetic Using a Constant Head 

C. ASTM D 4632 Standard Test Method for Grab Breaking Load and Elongation of 
Geotextiles 

D. ASTM D 4533 Standard Test Method for Trapezoid Tearing Strength of Geotextiles 
E. ASTM D 4833 Standard Test Method for Index Puncture Resistance of Geotextiles, 

Geomembranes, and Related Products 
F. ASTM D 3786 Standard Test Method for Hydraulic Bursting Strength of Textile Fabrics - 

Diaphragm Bursting Strength Tester Method 
G. ASTM D 4355 Standard Test Method for Deterioration of Geotextiles by Exposure to 

Light, Moisture, and Heat in a Xenon ARC Type Apparatus 
H. ASTM D 5261 Standard Test Method for Measuring Mass per Unit Area of Geotextiles 
 

1.05 SUBMITTALS 
 

A. The geotextile manufacturer will test the geotextile prior to shipment to ensure that the 
physical properties of the finished product are in accordance with these Specifications.  Test 
results shall be forwarded to the CQA Monitor with each shipment of material.  In addition, a 
letter of certification from the geotextile manufacturer stating that the material is in 
compliance with the Contract Specifications will accompany the Manufacturer’s test results. 

 
 

PART 2 PRODUCTS 
 

2.01 MATERIALS 
 

A. Geotextile “A” shall be placed over and around the leachate collection system drainage 
aggregate as shown on the Plans, and shall be a non-woven, needle-punched, continuous 
filament, polyester or polypropylene material. 

B. Geotextile “B” shall be bonded to the drainage geonet in accordance with Section 02071 – 
Drainage Geocomposite and shall be a non-woven, needle-punched, continuous filament, 
polyester or polypropylene material. 
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C. All geotextile shall be free of oil, grease, and other foreign materials. 
D. Properties: 

 
Geotextile “A” 

(Needlepunched Nonwoven) 
Properties 

And 
Requirements 

Qualifier Units Specified 
Values1 

Test 

Method 

Type --- --- Nonwoven --- 
Fabric Weight Minimum oz/yd2 16 ASTM D 5261 
Apparent Opening Size Maximum Sieve 100 ASTM D 4751 
Grab Strength2 
Tear Strength2 

Puncture Strength2 
Burst Strength2 

UV Resistance3 

Minimum 
Minimum 

Minimum 
Minimum 

Minimum 

lb 
lb 
lb 
psi 
% 

300 
120 
180 
600 
70 

ASTM D 4632 
ASTM D 4533 
ASTM D 4833 
ASTM D 3786 
ASTM D 4355 

NOTES: 

1All values represent minimum average roll values (i.e., any roll in a lot should meet or exceed the values in this 
table). 

2Minimum value measured in machine and cross machine direction. 
3Ultraviolet Resistance requirement is at 500 hours of exposure. 

 
 

Geotextile “B” 
(Needlepunched Nonwoven) 

Properties 
And 

Requirements 
Qualifier Units Specified 

Values1 
Test 

Method 

 Type --- --- Nonwoven --- 
 Fabric Weight Minimum oz/yd2 6 ASTM D 5261 
Apparent Opening Size Maximum Sieve 70 ASTM D 4751 
Grab Strength2 
Tear Strength2 
Puncture Strength2 
Burst Strength2 

Minimum 
Minimum 
Minimum 
Minimum 

lb 
lb 
lb 
psi 

160 
60 
80 
270 

ASTM D 4632 
ASTM D 4533 
ASTM D 4833 
ASTM D 3786 

NOTES: 

1All values represent minimum average roll values (i.e., any roll in a lot should meet or exceed the values in this 
table). 

2Minimum value measured in machine and cross machine direction. 
 
2.02 DELIVERY, STORAGE, AND HANDLING 
 

A. All geotextiles shall be sealed in plastic at the factory prior to shipment to the job site. 
B. All geotextiles shall be protected from precipitation, inundation, ultraviolet exposure, dirt, 

puncture, cutting, and other damaging or deleterious condition. 
 
 
PART 3 EXECUTION 
 
3.01 CONSTRUCTION 
 

A. Geotextiles shall be installed with a minimum 2 inch overlap between edges and shall be field 
sewn or heat bonded. 

B. Until sewn, the loose edges of the geotextiles shall be temporarily secured with sand bags or 
other methods approved by the Engineer. 
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C. Holes or tears in the geotextile shall be repaired by placing a patch of equivalent filter or 
cushion geotextile over the defective area.  The patch shall extend a minimum of 8 inches 
beyond the edges of the hole or tear and shall be secured in place by sewing to the parent 
geotextile. 

 
3.02 FIELD QUALITY CONTROL 
 

A. The CQA monitor will observe for holes, tears, and other visible defects.  These defects will 
be noted and marked on the geotextile for identification of necessary repairs. 

B. Material found to be unusable due to holes and tears shall be removed prior to final 
placement. 

 
 

END OF SECTION 
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SECTION 02071 
DRAINAGE GEOCOMPOSITE 

 
 
PART 1 GENERAL 
 
1.01 SECTION INCLUDES 
 

A. Materials and installation of single-sided drainage geocomposite. 
B. Materials and installation of double-sided drainage geocomposite. 

 
1.02 RELATED SECTIONS 
 

A. Section VIII – Soil and Liner Quality Control Plan (SLQCP) 
 
1.03 QUALITY ASSURANCE 
 

A. Quality assurance shall be performed in accordance with Section VIII. 
B. CQA Monitor shall be present at all times during drainage geocomposite installation activities. 

 
1.04 REFERENCES 
 

A. ASTM D 638 Standard Test Method for Tensile Properties of Plastics 
B. ASTM D 792 Standard Test Methods for Density and Specific Gravity of Plastics by 

Displacement 
C. ASTM D 1505 Standard Test Method for Density of Plastics by the Density-Gradient 

Technique 
D. ASTM D 1603 Test Method for Carbon Black Content in Olefin Plastics 
E. ASTM D 1621 Test Method for Compressive Properties of Rigid Cellular Plastics 
F. ASTM D 1682 Test Methods for Breaking Load and Elongation of Textile Fabrics 
G. ASTM D 1777 Measuring Thickness of Textile Materials 
H. ASTM D 4716 Test Method for Determining the (In-plane) Flow Rate per Unit Width and 

Hydraulic Transmissivity of a Geosynthetic Using a Constant Head 
 
1.05 SUBMITTALS 
 

A. The Contractor shall submit, prior to delivery, a certification with test data signed by a legally 
authorized representative from the Manufacturer. The certification shall demonstrate 
compliance and attest that the drainage geocomposite being furnished meets the 
requirements stated in these Specifications. 

 
 
PART 2 PRODUCTS 
 
2.01 MATERIALS 
 

A. Drainage Geocomposite:  Comprised of non-woven, needle-punched, continuous or staple 
filament, polyester or polypropylene geotextile, heat-bonded to top side (single-sided) or both 
sides (double-sided) of an integrally formed, solid rib, extruded, high density polyethylene 
(HDPE) or polyethylene (PE) strands or mesh net structure (geonet or drainage net). 

B. The bonding process shall not introduce adhesives or other foreign products. 
C. The drainage geocomposite shall have uniform channels and open areas to provide uniform 

flow of water. 
D. The drainage geocomposite shall be resistant to normal compressive loads up to 10,000 psf. 
E. The drainage geocomposite shall be resistant to ultraviolet degradation. 
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Property Test Method Requirement 

Specific Gravity ASTM D 1505 Minimum 0.935 g/cm3 
Thickness ASTM D 1777 Minimum 0.20 inch 
Percent Carbon Black ASTM D 1603 Minimum 2%  

Maximum 3% 
 

F. The geotextile portion of the drainage geocomposite shall conform to Geotextile “B” as 
provided in Section 02070 - Geotextiles. 

G. The drainage geocomposite shall have a hydraulic transmissivity greater than or equal to 
5x10-4 m2/sec at a hydraulic gradient of 0.1 and a normal pressure of 5,000 psf when tested 
in accordance with ASTM D 4716. 

2.02 SOURCE QUALITY CONTROL 

A. Measure product thickness at a minimum of once every 100,000 square feet of product. 
B. Measure specific gravity and percent carbon black at a minimum of once every 100,000 square 

feet of product. 
C. Measure geotextile properties at a minimum of once every 100,000 square feet of product. 
D. Provide quality control test data with certification per paragraph 1.05 of this Specification. 
E. Provide quality control certificates for each lot and each shift’s production. Certificates shall 

include roll numbers and identification. 

PART 3 EXECUTION 
 
3.01 PLACEMENT OF DRAINAGE GEOCOMPOSITE 

A. Place the drainage geocomposite in locations shown on the Plans. 
B. The surface to receive the drainage geocomposite shall be smooth, free from obstructions, 

depressions, and sharp objects. 
C. Place the drainage geocomposite with the long dimension down the slope. 
D. The drainage geocomposite shall be laid smooth and free of tension, stress, folds, wrinkles, 

or creases. 
E. Any damage to underlying materials caused by placement of the drainage geocomposite 

shall be repaired by the Contractor at no additional cost to the Owner. 
 
3.02 SEAMING GEOCOMPOSITE ROLLS 

A. Adjacent rolls of drainage geocomposite shall be tightly butted together and securely tied. 
B. Tie geocomposite with plastic fasteners at a minimum of every 4 feet longitudinally and every 

6 inches at end seams. 
C. Overlap geotextile at least 6 inches and heat bond or sew the seams. 

 
3.03 REPAIRS 

A. Any holes or tears in the drainage geocomposite shall be repaired by placing a patch 
extending 2 feet beyond the edges of the hole or tear. 

B. The patch shall be secured to the originally installed drainage geocomposite by tying every 
6 inches. 

C. If the hole or tear width across the roll is more than 50% of the width of the roll, the damaged 
area shall be cut out across the entire roll and the 2 portions of the drainage geocomposite 
shall be joined. 

 
END OF SECTION 
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SECTION 02072 
HDPE GEOMEMBRANE 

 
 
PART 1 GENERAL 
 
1.01 SECTION INCLUDES 
 

A. Materials and installation of smooth HDPE geomembrane. 
B. Material and installation of textured HDPE geomembrane. 

 
1.02 RELATED SECTIONS 
 

A. Section 02076 – Geosynthetic Clay Liner 
B. Section VIII – Soil and Liner Quality Control Plan (SLQCP) 

 
1.03 QUALITY ASSURANCE 
 

A. Quality assurance shall be in accordance with Section VIII. 
B. CQA Monitor shall be present at all times during HDPE geomembrane installation activities. 

 
1.04 REFERENCES 
 

A. ASTM D 0638 Standard Test Method Tensile Properties of Plastics 
B. ASTM D 0746 Standard Test Method for Brittleness Temperature of Plastics and 

Elastomers by Impact 
C. ASTM D 0792 Standard Test Methods for Density and Specific Gravity of Plastics by 

Displacement 
D. ASTM D 1004 Test Method for Tear Resistance of Plastic Film and Sheeting 
E. ASTM D 1204 Test Method for Linear Dimensional Changes of Nonrigid Thermoplastic 

Sheeting or Film at Elevated Temperature 
F. ASTM D 1238 Standard Test Method for Melt Flow Rates of Thermoplastics by 

Extrusion Plastometer 
G. ASTM D 1505 Test Method for Density of Plastics by the Density-Gradient Technique 
H. ASTM D 1593 Specification for Nonrigid Vinyl Chloride Plastic Film and Sheeting 
I. ASTM D 1603 Test Method for Carbon Black Content in Olefin Plastics 
J. ASTM D 3015 Standard Practice for Microscopic Examination of Pigment Dispersion in 

Plastic Compounds 
K. ASTM D 3083 Standard Specification for Flexible Plastic Sheeting for Pond, Canal, and 

Reservoir Lining 
L. ASTM D 3895 Standard Test Method for Oxidative-Induction Time of Polyolefins by 

Thermal Analysis 
M. ASTM D 4437 Standard Practice for Determining the Integrity of Field Seams Used in 

Joining Flexible Polymeric Sheet Geomembranes 
N. Federal Test Method Standards:  101C  Puncture Resistance 
O. Geosynthetic Research Institute (GRI): 

1. Test Method GM-4 – Multiaxial Burst Test 
2. Test Method GM-5 – Notched Constant Tensile Load Test 

 
1.05 SUBMITTALS 
 

A. Prior to installation, the manufacturer shall submit quality control certificates signed by a 
responsible party employed by the manufacturer in accordance with Section VIII. 

B. Two weeks prior to installation of geomembrane, submit drawings showing the panel layout 
indicating details not conforming to the Contract Drawings. Upon acceptance, use these 
drawings for installation of geomembrane. 
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C. Qualifications 
1. Submit, two weeks prior to installation, name of installer, and resume of Installation 

Supervisor/Field Engineer to be assigned to the project. 
2. Submit, two weeks prior to installation, resume of master seamer. 
3. Submit, two weeks prior to installation, resumes of installation seamers performing 

seaming operations. 
4. Submit, two weeks prior to installation, equipment list and list of personnel to perform 

field seaming operations. 
D. Field Quality Control Documents 

1. Submit quality control documentation prepared during installation. 
2. Submit daily prior to the start of installation, subgrade acceptance certificate signed by 

the installation supervisor for each area to be covered by the geomembrane. 
3. Submit upon completion of the installation, certificate stating the liner has been installed 

in accordance with the plans and specifications. 
4. The warranty obtained from the manufacturer/fabricator and the installation warranty. 
5. As-built drawings showing location of panels, seams, repairs, patches, and destructive 

samples including measurements. 
 
 
PART 2 PRODUCTS 
 
2.01 GEOMEMBRANE RESIN 
 

A. High Density Polyethylene (HDPE), new, first quality, compounded, and manufactured 
specifically for producing HDPE geomembrane. 

B. Do not mix resin types during manufacturing. 
C. Do not use recycled materials or seconds in manufacturing. 

 
2.02 TEXTURED AND SMOOTH HIGH DENSITY POLYETHYLENE (HDPE) GEOMEMBRANE 
 

A. The HDPE geomembrane shall have the properties listed in Section VIII. 
 
2.03 EXTRUDATE ROD OR BEAD 
 

A. Meet the geomembrane requirements. 
B. Made from same resin as the geomembrane. 
C. Thoroughly disperse additives throughout rod or bead, containing 2 to 3 percent carbon 

black. 
D. Free of contamination by moisture or foreign matter. 

 
2.04 WELDING EQUIPMENT 
 

A. Maintain sufficient operational seaming apparatus to continue work without delay. 
B. Use power source capable of providing constant voltage under combined line load. 
C. Provide protective lining and splash pad large enough to catch spilled fuel under electric 

generator, if located on liner. 
D. Tensiometers capable of measuring seam strength, calibrated and accurate within 2 pounds. 
E. Dies for cutting seam samples. 

 
2.05 CONFORMANCE TESTING 
 

A. Conformance testing shall be in accordance with Section VIII. 
 
2.06 HANDLING AND STORAGE 
 

A. Geomembrane handling and storage shall comply with the requirements of Section VIII. 
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PART 3 EXECUTION 
 
3.01 PREPARATION OF SUBGRADE 
 

A. Verify in writing to the Engineer that the surface on which the geomembrane will be installed 
is acceptable. Installation without written acceptance means acceptance. 

B. Round sharp grade changes to 6-inch radius. 
 
3.02 PREPARATION 
 

A. Repair damage caused to subgrade during deployment. 
B. Round edges of anchor trenches. 
C. Perform trial seam welds in accordance with the requirements of Section VIII. 

1. A trial weld sample is considered passing when all specimens pass peel and shear tests. 
2. When repeated trial welds fail, do not use welding apparatus and welder until deficiencies 

or conditions are corrected and two consecutive successful trial welds are achieved. 
 
3.03 INSTALLATION 
 

A. Deployment shall be in accordance with Section VIII. 
1. Assign each panel a unique identifying code number or letter consistent with the 

Contractors submitted panel layout drawing. The coding is subject to approval by the 
CQA Monitor. 

2. Deploy no more panels in one shift than can be welded or secured during that same day. 
3. Do not deploy in the presence of excessive moisture, precipitation, ponded water, or high 

winds. 
4. Do not damage geomembrane by handling, by trafficking, or leakage of hydrocarbons or 

any other means. 
5. Do not wear damaging shoes or engage in activities that could damage the 

geomembrane. 
6. Unroll geomembrane panels using methods that will not damage, stretch or crimp 

geomembrane. Protect underlying surface from damage. 
7. Use methods that minimize wrinkles and differential wrinkles between adjacent panels. 
8. Place ballast on geomembrane that prevents uplift from wind. Use ballast that will not 

damage geomembrane. 
9. Repair damage to subgrade or other underlying materials prior to completing deployment 

of geomembrane. 
10. Do not allow vehicle traffic directly on the flexible membrane. 
11. Remove heavily wrinkled or folded material. 
12. Visually inspect geomembrane for imperfections. Mark faulty or suspect areas for repair. 
13. Before wrinkles fold over, attempt to push them out. For wrinkles that cannot be pushed 

out, cut them out and repair cuts prior to burial or at the direction of the CQA Monitor. 
B. Seam Layout. 

1. Orient seams parallel to line of a maximum slope (i.e., orient down not across slope). 
2. Minimize number of field seams in corners, odd-shaped geometric locations, and outside 

corners. 
3. Keep horizontal seams at least 5 feet away from toe or crest of slope. 
4. Use seam numbering system compatible with panel number system. Each seam must 

have a unique number. 
5. Shingle panels on slopes and grades so that upgradient panel is on top. 

C. Seam Welding Personnel. 
1. Provide at least one master welder at site. 
2. Qualify personnel performing welding operations by experience and by successfully 

passing field-welding tests performed on site. 
3. Master welder will provide direct supervision over other welders. 
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D. Seam Welding Equipment. 
1. Extrusion welder must be equipped with gauges showing temperatures in extruder 

apparatus and at nozzle. Temperature at nozzle may be measured by external 
temperature gauges. 

2. Hot wedge welder shall be automated variable speed vehicular mounted devices with 
pressure controlled by spring, pneumatic, or other system that allows for variation in 
sheet thickness. Rigid frame fixed position equipment is not acceptable. 

3. Maintain adequate quantity of welding apparatus in order to avoid delaying the project. 
4. Use power source capable of providing constant voltage under combined line load. 

E. General Welding Procedures. 
1. Do not commence welding until trial weld test sample, made by that equipment, passes 

test. 
2. Clean surface of grease, moisture, dust, dirt, debris, or other foreign material. 
3. Overlap panels a minimum of 4 inches. 
4. Do not use solvents or adhesives unless product is approved in writing by the Engineer. 
5. Provide adequate material on weld to allow peel testing of both sides of double wedge 

weld. 
6. Extend welding to the outside edge of all panels. 
7. If required, provide a firm substrata by using a flat board, a conveyor belt, or similar hard 

surface directly under the weld overlap to achieve firm support. 
8. Provide adequate illumination if welding operations are carried out at night. 
9. Cut fishmouths or wrinkles along the ridge of the wrinkle in order to achieve a flap 

overlap. Extrusion weld the cut fishmouths or wrinkles where the overlap is more than 
3 inches. When there is less than 3 inches overlap, patch with an oval or round patch 
extending a minimum of 6 inches beyond the cut in all directions. 

10. Weld only when ambient temperature, measured 6 inches above the geomembrane is 
between 40oF and 104oF unless other limits are accepted, in writing, by the Engineer. 

F. Defects and Repairs. 
1. Examine all weld areas of the geomembrane for defects, holes, blisters, undispersed raw 

materials, and any sign of contamination by foreign matter. The surface of the flexible 
membrane shall be clean at the time of the examination. 

2. Repair and non-destructively test each suspect location.  Do not cover geomembrane at 
locations which have been repaired until test results with passing values are available. 

G. Extrusion Welding. 
1. Use procedures to tack bond adjacent panels together that do not damage flexible 

membrane. 
2. Purge welding apparatus of heat-degraded extrudate before welding. 
3. Bevel top edges of geomembrane a minimum of 45o and full thickness of flexible 

membrane before extrusion welding. 
4. Clean seam welding surfaces of oxidation by disc grinder or equivalent not more than 

one hour before extruding weld.  
5. Do not remove more than 4 mils of material when grinding. 
6. Cover entire width of grind area with extrudate. 
7. When restarting welding, grind ends of all welds that are more than one hour old. 

H. Interface Extrudate Welding. 
1. Mount components necessary to weld on mobile unit. 
2. Include the following accessories on mobile unit: 

a. Variable speed control. 
b. Wheels with non-skid surface. 
c. Directional control. 
d. Automatic hot air system for preheating welding surfaces. 
e. Extruder system with appropriate die. 
f. Adjustable contact pressure rollers. 

3. Test and set “hot air system” using scrap material each day prior to commencing welding. 
4. Adjust hot air velocity to preclude wind effects. 
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5. Adjust contact pressure rollers to prevent surface ripples in panels. 
6. Protect against moisture build-up between panels.  

I. Hot Wedge Welding. 
1. Place smooth insulating plate or fabric beneath hot welding apparatus after usage. 
2. Protect against moisture build-up between panels. 
3. Bevel edges of top and bottom panels on cross seams. 
4. Do not weld on flexible membrane until equipment has passed trial weld test. 
5. Extrusion-weld a patch over or spot weld all seam intersections as described in 

paragraph 3.05. 
 
3.04 FIELD QUALITY CONTROL AND QUALITY ASSURANCE 
 

A. Nondestructive Testing (Performed by Installer). 
1. Nondestructively test all field seams over their full length using a vacuum test unit, air 

pressure, or other approved methods. Perform testing as the seaming progresses and 
not at the completion of all the field seaming. Complete all required repairs in accordance 
with this Specification. 

2. Test procedures and weld acceptance criteria shall be in accordance with Section VIII. 
B. Destructive Testing (performed by CQA Monitor and the Installer). 

1. Collect destructive test samples at a minimum frequency of one test location per 500 feet 
of seam length. 

2. Determine test locations during welding. Locations may be prompted by suspicion of 
excess crystallinity, contamination, offset welds, or suspected defect. CQA Monitor will be 
responsible for choosing the locations. The CQA Monitor will not notify the installer in 
advance of selecting locations where weld samples will be taken. 

3. Test Procedures and weld acceptance criteria shall be in accordance with Section VIII. 
C. Failed Weld Procedures. 

1. Procedures apply when test failure is determined by the Construction Quality Assurance 
Laboratory, the installer, or by field tensiometer. Follow one of the following two options: 
a. First Option. 

1) Reconstruct the seam between any two passing test locations. 
b. Second Option. 

1) Trace the weld at least 10 feet minimum in both directions from the location of 
the failed test, or to the end of the welds in question. 

2) Obtain a small sample at both locations for an additional field test. 
3) If these additional test samples pass field tests, then take laboratory samples. 
4) If the laboratory samples pass, then reconstruct the weld or cap between the two 

test sample locations that bracket the failed test location. 
5) If any sample fails, then repeat the process to establish the zone in which the 

weld must be reconstructed. 
D. Acceptable Welded Seams. 

1. Bracketed by two locations from which samples have passed destructive tests. 
2. For reconstructed seams exceeding 50 feet, a sample taken from within the 

reconstructed weld passes destructive testing. 
3. Whenever a sample fails, provide additional testing for seams that were welded by the 

same welder and welding apparatus or welded during the same time shift. 
E. Seams That Cannot Be Non-Destructively Tested. 

1. If the weld is accessible to testing equipment prior to final installation, non-destructively 
test the weld prior to final installation. 

2. If the weld cannot be tested prior to final installation, cap strip the weld. The welding and 
cap-stripping operations must be observed by the CQA Monitor and installer for 
uniformity and completeness. 
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3.05 REPAIR PROCEDURES 
 

A. Remove damaged geomembrane and replace with acceptable geomembrane materials if 
damage cannot be satisfactorily repaired. 

B. Repair, removal, and replacement are at Contractor’s expense if the damage results from the 
Contractor’s, Installer’s, or the Contractor’s subcontractor activities. 

C. Repair any portion of the geomembrane exhibiting a flaw, or failing a destructive or 
nondestructive test.  Agreement upon the appropriate repair method will be determined 
between the Owner and CQA Monitor. Do not commence welding on liner until trial weld test 
sample, made by that equipment and operator, passes trial test.  Repair procedures available 
include: 
1. Patching: Used to repair large holes (over 3/8-inch diameter), tears (over 2 inches long), 

undispersed raw materials and contamination by foreign matter. 
2. Abrading and re-welding: Used to repair small sections of seams. 
3. Spot welding or seaming: Used to repair small tears (less than 2 inches long), pin holes 

or other minor, localized flaws. 
4. Capping: Used to repair large lengths of failed seams. 
5. Removing the seam and replacing with a strip of new material. 

D. In addition, satisfy the following procedures: 
1. Abrade flexible membrane surfaces to be repaired (extrusion welds only) no more than 

one (1) hour prior to the repair. 
2. Clean and dry all surfaces at the time of repair. 
3. Extend patches or caps at least 6 inches beyond the edge of the defect, and round all 

corners of material to be patched and the patches to a radius of at least 3 inches. 
 
3.06 GEOMEMBRANE ACCEPTANCE 
 

A. Contractor retains all ownership and responsibility for the flexible membrane until acceptance 
by the Owner. 

B. The Owner will accept flexible membrane installation when: 
1. All required documentation from the manufacturer, fabricator, and installer has been 

received and accepted. 
2. The installation is finished. 
3. Test reports verify completion of all field seams and repairs. 
4. Written certification documents and drawings have been received by the Owner. 

 
 

END OF SECTION 
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SECTION 02076 
GEOSYNTHETIC CLAY LINER 

 
 
PART 1 GENERAL 
 
1.01 SECTION INCLUDES 
 

A. Materials and installation of Non-Reinforced Geosynthetic Clay Liner (GCL) 
B. Materials and installation of Reinforced Geosynthetic Clay Liner (GCL) 

 
1.02 RELATED SECTIONS 
 

A. Section VIII – Soil and Liner Quality Control Plan (SLQCP) 
 
1.03 QUALITY ASSURANCE 
 

A. Quality Assurance shall be in accordance with Section VIII. 
B. CQA monitor shall be present at all times during GCL installation activities. 

 
1.04 REFERENCES 
 

A. ASTM D 2216 Determination of Moisture Content of Soil 
B. ASTM D 5084 Test Method for Measurement of Hydraulic Conductivity of Saturated 

Porous Materials Using a Flexible Wall Permeameter (modified) 
C. ASTM D 5321 Test Method for Determining the Coefficient of Soil and Geosynthetic or 

Geosynthetic and Geosynthetic Friction by the Direct Shear Method 
D. ASTM D 5261 Test Method for Measuring Mass per Unit Area of Geotextiles 
E. ASTM D 4632 Test Method for Grab Breaking Load and Elongation of Geotextiles 
F. ASTM D 3786 Test Method for the Mullen Burst Strength of Textiles 
G. USP-NF-XV11 Test Method for the Free Swell of Bentonite Clay 
H. GRI-GCL-I Test Method for the Confined Swell of Geosynthetic Clay Liners 

 
1.05 SUBMITTALS 
 

A. Pre-installation: Submit the following to the Engineer for approval prior to GCL deployment. 
1. Manufacturer’s specification for GCL, which includes properties, contained in Section 

2.01 of this Specification and in Section VIII. 
2. Written certification that the GCL meets the properties listed in Section 2.01 of this 

Specification and in Section VIII. 
3. Written certification that GCL manufacturer has continuously inspected GCL for the 

presence of needles and found GCL to be needle-free. 
4. Quality control certificates signed by a responsible entity of the GCL manufacturer. Each 

quality control certificate shall include roll identification numbers and results of quality 
control tests. At a minimum, results shall be given for tests and corresponding methods 
specified in Section 2.01 of this Specification and in Section VIII. 

B. Installation: As installation proceeds, submit subgrade surface acceptance documentation, 
signed by the Contractor, for each area that will be covered directly by GCL. 

 
1.06 DELIVERY, STORAGE, AND HANDLING 
 

A. GCL shall be supplied in rolls wrapped individually in relatively impermeable and opaque 
protective covers. 
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B. GCL rolls shall be marked and tagged with the following information: 
1. Manufacturer’s name. 
2. Product identification. 
3. RoIl number. 
4. RoIl dimensions. 
5. RoIl weight. 

C. Store and protect GCL from dirt, water, ultraviolet light exposure, and other sources of 
damage. 

 
 
PART 2 PRODUCTS 
 
2.01 MATERIALS 
 

A. The active ingredient of the GCL shall be natural sodium bentonite. 
B. The GCL product shall have the following properties: 

 
 

PROPERTY 
TEST  

METHOD 
FREQUENCY, 

ft2 (m2) 

REQUIRED VALUE 

Reinforced Non-Reinforced 

Bentonite Swell Index1 ASTM D 5890 1 per 50 tons 24 mL/2g min. 24 mL/2g min. 
Bentonite Fluid Loss1 ASTM D 5891 1 per 50 tons 18 mL max. 18 mL max. 

Bentonite Mass/Area2 ASTM D 5993 40,000 ft2 0.80 lb/ft2  

 
0.80 lb/ft2 

GCL Grab Strength3 ASTM D 4632 200,000 ft2 90 lbs 100 lbs 
GCL Peel Strength3 ASTM D 4632 40,000 ft2 15 lbs N/A 
GCL Index Flux4 ASTM D 5887 Weekly 1 x 10-8 m3/m2/sec 1 x 10-8 m3/m2/sec 
GCL Permeability4 ASTM D 5084 Weekly 5 x 10-9 cm/sec 5 x 10-9 cm/sec 
GCL Hydrated Internal 
Shear Strength5 

ASTM D 5321 Periodic 500 psf typical 50 psf typical 

 
Notes: 1 Bentonite property tests performed at Bentonite processing facility before shipment to 

manufacturer’s GCL production facilities. 
 

 2 Bentonite mass/area reported at 0 percent moisture content. 
 

 3 All tensile testing is performed in the machine direction, with results as minimum 
average roll values unless otherwise indicated. 

 
 4 Index flux and permeability testing with deaired distilled/deionized water at 80 psi (551 

kPa) cell pressure, 77 psi (531 kPa) headwater pressure and 75 psi (517 kPa) 
tailwater pressure.  Reported value is equivalent to 925 gal/acre/day.  This flux value 
is equivalent to a permeability of 5x10-9 cm/sec for typical GCL thickness.  This flux 
value should not be used for equivalency calculations unless the gradients used 
represent field conditions.  A flux test using gradients that represent field conditions 
must be performed to determine equivalency.  The last 20 weekly values prior to the 
end of the production date of the supplied GCL may be provided. 

 
 5 Peak value measured at 200 psf (10 kPa) normal stress.  Site-specific materials, GCL 

products, and test conditions must be used to verify internal and interface strength of 
the proposed design. 
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C. The bentonite sealing compound or bentonite granules used to seal penetrations and make 

repairs shall be made of the same natural sodium bentonite as the GCL and shall be as 
recommended by the GCL manufacturer. 

 
 
PART 3 EXECUTION 
 
3.01 SUBGRADE PREPARATION 
 

A. The subgrade shall be prepared in a manner consistent with proper subgrade preparation 
techniques for the installation of geosynthetic materials. 

B. The subgrade shall be properly compacted so as not to settle and cause excessive strains in 
the GCL or other synthetic liner materials. 

C. Ensure that rutting or raveling is not caused by installation equipment. 
D. Ensure a surface free of debris, roots, or angular stones larger than 3/4-inch diameter. 
E. Prior to installation, ensure that the subgrade has been rolled to provide a smooth surface. 

 
3.02 INSTALLATION 
 

A. Handle GCL in a manner to ensure it is not damaged. At a minimum, comply with the 
following: 
1. Cut GCL with a geotextile cutter (hook blade), scissors, or other approved device. Protect 

adjacent materials from potential damage due to cutting of GCL. 
2. Prevent damage to underlying layers during placement of GCL. 
3. During GCL deployment, do not entrap in or beneath the GCL any stones, trash, or 

moisture that could damage GCL. 
4. Visually examine entire GCL surface. Ensure that no potentially harmful foreign objects, 

such as needles, are present. 
5. Do not place GCL in the rain or at times of impending rain. 
6. Do not place GCL in areas of ponded water. 
7. Overlap GCL to the manufacturer’s match line. 

 
3.03 DEFECTS AND REPAIRS 
 

A. Repair all flaws or damaged areas by placing a patch of the same material extending at least 
1 foot beyond the flaw or damaged area. 

 
 

END OF SECTION 
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