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1.0 INTRODUCTION 

Seneca Meadows, Inc. (SMI) currently owns and operates a New York State permitted Part 360 solid waste land 

disposal facility, (Permit 8-453200023/00001, SWMF 50S08) in the Town of Seneca Falls, Seneca County, New 

York. Jointly with the submission of this plan SMI has made application to the New York State Department of 

Environmental Conservation (NYSDEC) for expansion of the facility. 

1.1 PROPOSED EXPANSION 

The current landfill and proposed expansion areas are situated on approximately 2,400 acres of SMI property 

holdings. These property holdings are located near the intersection of Salcman Road and Route 414, 

approximately 3.5 miles south of the New York State Thruway (Exit 41) and one mile north of the Route 414 

intersection with U.S. Routes 5 and 20. Within these property holdings, the area occupied by landfill operations 

totals approximately 600 acres, including the existing and proposed landfill areas; existing and proposed 

stormwater management facilities; the Leachate Storage and Treatment Facility, and the Tire Processing Facility 

(TPF); Salcman Road mine area; citizens drop-off and yard waste areas; and miscellaneous supporting facilities 

such as the office, access roads, and scales. The total landfill footprint, including existing and proposed areas is 

approximately 400 acres. Waste disposal operations are limited to the area zoned M-2 (industrial) within the Town 

of Seneca Falls. SMI maintains a landfill gas flare system at an independently owned and operated landfill gas-to-

energy facility located on the east side of Route 414, and the flare system occupies approximately two acres. 

This Construction Quality Assurance/Construction Quality Control (CQA/CQC) Plan provides the quality 

assurance and quality control requirements for construction of the landfill and supporting facilities associated with 

the proposed expansion to SMI’s solid waste disposal facility. This plan specifically addresses the construction of 

the landfill baseliner/overfill liner systems, landfill final cover system, and drainage structures, as well as the post-

construction care procedures for the constructed baseliner system. This Plan has been prepared to meet the 

intent of 6NYCRR Part 363-4.5 of the NYSDEC Regulations. 

1.2 PURPOSE 

The purpose of the CQA/CQC Plan is to address the observations and tests that will be used before, during, and 

upon completion of construction to ensure that the construction materials and activities meet the requirements of 

6NYCRR Part 363-6. The Plan presents procedures that will be used in the construction of the following 

elements: 

• Baseliner system; 

• Final cover system; 

• Drainage structures; 

• Sedimentation basins; 

• Landfill gas collection system; and 

• Leachate collection, conveyance, and storage facilities. 

This Plan presents the management organization, personnel, and laboratory requirements, testing protocols, and 

requirements for documentation and recordkeeping to demonstrate that construction of the landfill components 

referenced herein will be completed in conformance with 6NYCRR Part 363-4.5. 
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2.0 MANAGEMENT ORGANIZATION 

Seneca Meadows, Inc. (the “Owner”) will retain an independent engineer or engineering firm to serve as the 

Project Engineer. In accordance with paragraph 6NYCRR Part 360.2(b)(207), the Project Engineer must be 

licensed to practice engineering in the State of New York. The Project Engineer will be responsible for observing, 

documenting, and independently certifying that activities related to quality assurance and the construction of the 

landfill as well as the related facilities conform to the approved construction plans and specifications, and 

conditions of the applicable permit to construct and operate. 

A pre-construction meeting will be held upon award of the construction contract, and immediately prior to 

construction of each type of component within the system being constructed.  A designated representative of 

Seneca Meadows, Inc. (Owner), Operator, Engineer, the Contractor, and Subcontractors will attend these 

meetings.  The following activities will be performed at the pre-construction meeting: 

• Provide each involved entity with relevant CQA/CQC documents and supporting information and address 

their role relative to the design criteria, plans and specification; 

• Review the responsibilities, authorities, and line of communication for each of the involved entities; 

• Review the established procedures for observation and testing, including sampling strategies identified in 

the CQA/CQC Plan; 

• Review the established acceptance and rejection criteria as specified in the CQA/CQC Plan and 

approved specifications, along with methods and means for decision making and/or resolution of 

problems over data; 

• Review methods for documenting and reporting inspection data; 

• Discuss the procedures for storage and protection of landfill construction materials on-site; and 

• Conduct a site tour to review the project site layout and construction material and equipment storage 

locations. 

The Construction Quality Assurance management organization to be used for construction of the landfill and 

related facilities is shown on Table 2-1 and is described below. 

2.1 CQA/CQC PERSONNEL 

As shown in Table 2-1, construction of landfill liner systems as well as any necessary ground improvement work 

prior to landfill berm construction will employ CQA/CQC procedures utilizing separate project personnel. 

Project Engineer 

The Project Engineer will be employed independently from Seneca Meadows, Inc. and will have overall 

responsibility for the implementation of the CQA/CQC Plan. The Project Engineer is responsible for independently 

certifying to the owner and NYSDEC that, in his or her professional judgment, the facility has been constructed in 

accordance with the plans and specifications approved by the NYSDEC. 

CQA Manager 

The CQA Manager will be employed by, or with, (the same engineering firm as) the Project Engineer and will 

report directly to the Project Engineer. The CQA Manager will be responsible for on-site supervision of CQA/CQC 

activities performed by the Construction Observers and coordination with the CQA laboratories. The CQA 

Manager will be present on-site during construction activities that require assurance that design and permit 

requirements are properly implemented during construction of the landfill components. The CQA Manager will be 

responsible for field management of the activities of the Geotechnical and Geosynthetic Construction Observers. 

As well, the CQA Manager will routinely manage the effort of the CQA laboratories. 



190469 

Last Revised Date: July 14, 2020   

 

  2-2 

Project Manager 

The Project Manager may be employed by Seneca Meadows, Inc., will work with the CQA Manager, and will 

report directly to the Owner. The Project Manager will be responsible for on-site coordination of the Engineer and 

his representatives, the Contractor, any Subcontractors, the Design Engineer, and the Owner. The Project 

Manager is responsible for checking that the Geosynthetics Contractor and Earthwork Contractor provide the 

required CQC data to the CQA Manager. The data must be provided to the CQA Manager allowing sufficient time 

for the CQA Manager to review and approve the data prior to construction with or covering of material 

represented by the data. The Project Manager will be responsible for checking that all work being performed by 

the Contractor or Subcontractors requiring observation and documentation (as set forth in the CQA/CQC Plan, 

Technical Specifications or under direction of the Engineer) is performed under observation of the Construction 

Observers. The Project Manager is responsible for checking that any work completed by the Contractor or 

Subcontractors that is not in accordance with the project requirements is removed and/or replaced to the 

satisfaction of the Engineer. The Project Manager is responsible for coordinating the development, approval and 

implementation of design changes with the Contractor, Engineer, Project Manager, Owner and NYSDEC. 

Construction Observers 

The Geosynthetic and Geotechnical Construction Observers will be employed by independent engineering firms, 

including the same engineering firm as the Project Engineer or other independent firms. The Geosynthetic and 

Geotechnical Construction Observers may also be employed by Seneca Meadows, Inc. and will report to the CQA 

Manager. The Geosynthetic and Geotechnical Construction Observers will be responsible for observing, testing, 

and documenting construction activities on a daily basis. 

2.2 CQA/CQC LABORATORIES 

2.2.1 Geotechnical and Geosynthetic CQA Laboratories 

The Geotechnical and Geosynthetic CQA laboratories will be responsible for performing CQA testing, as required 

by this plan, the project specific Engineering Report, or as directed by the Engineer.  The services of 

Geotechnical and Geosynthetic CQA Laboratories, meeting the requirements set forth in Section 4 of this plan, 

will be secured by the Project Manager to complete the testing requirements presented in this plan. The 

Geotechnical and Geosynthetic CQA laboratories may be affiliated with the Engineer or subcontracted by the 

Engineer.  If the services of the Geotechnical CQA laboratory are subcontracted, the laboratory must be 

independent of the Operator, earthwork contractor, subcontractors, and/or material suppliers.  If the services of 

the Geosynthetic CQA laboratory are subcontracted, the laboratory must be independent of the Operator, 

geosynthetics manufacturer, fabricator, or installer of geosynthetics at the site. 

2.2.2 Geotechnical and Geosynthetic CQC Laboratories 

The Geotechnical CQC laboratory will be responsible for performing CQC testing, as required by this plan, the 

project specific Engineering Report, or as directed by the Engineer.  The services of the Geotechnical CQC 

Laboratory, meeting the requirements set forth in Section 4 of this plan, will be secured by the Project Manager to 

complete the testing requirements presented in this plan.  The Geosynthetic CQC laboratory will be responsible 

for performing CQC testing, as required by this plan, the project specific Engineering Report, or as directed by the 

Engineer.  The services of Geosynthetic CQC Laboratory, which meet the requirements set forth in Section 4 of 

this plan and is acceptable to the department, will be secured by the Geosynthetic Contractor to complete the 

testing requirements presented in this plan.  The CQC laboratories may be affiliated with the Geosynthetic 

Contractor, material supplier, or subcontracted. 
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2.3 LINER LEAK DETECTION SURVEY FIRM 

Personnel performing the leak detection survey will be employed by a firm independent of the owner and the 

contractor(s) and qualified to perform leak detection surveys on geomembrane liner systems. The leak detection 

contractor will employ electrical resistivity surveys, or other approved method, on the primary and secondary 

geomembrane. 
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3.0 CQA/CQC PERSONNEL 

The pertinent qualifications and experience requirements and responsibilities of each member of the CQA/CQC 

group are presented below. 

3.1 PROJECT ENGINEER 

3.1.1 Qualifications and Experience 

The Engineer must be a Professional Engineer licensed in the State of New York.  The Engineer will have past 

experience in a position of responsibility for landfill construction projects of similar magnitude and complexity to 

the Seneca Meadows project.  The Engineer must be knowledgeable of the project requirements and objectives, 

and must be familiar with this CQA/CQC Plan, the Construction Plans, and any project specific Engineering 

Report.  The Engineer must be employed by an organization that operates separately from the Operator and 

Contractors.  The Engineer must be approved by the NYSDEC. 

3.1.2 Responsibilities 

The Engineer will have the following responsibilities in the implementation of the CQA/CQC Plan: 

• Ultimate responsibility for the implementation of the CQA/CQC Plan; 

• Confirm that appropriate technical review is completed by qualified representatives of the Engineer for 

Construction Plans, Technical Specifications, modifications to the Plans and Specifications and the 

Construction Certification Report; 

• Review design documentation, including the Construction Plans and Technical Specifications; and 

• Provide direct oversight and endorse the Construction Certification Report by affixing their NYSPE stamp 

or seal to the document. 

3.2 CQA MANAGER 

3.2.1 Qualifications and Experience 

The CQA Manager will be employed by or with the same independent engineering firm as the Engineer and will 

have experience as a CQA Manager with construction projects of similar magnitude and complexity.  The CQA 

Manager must be familiar with the project and this CQA/CQC Plan, the Construction Plans and Specifications, 

and the project specific Engineering Report. 

For landfill liner components, it is recommended the CQA Manager be a Certified CQA Geosynthetic Materials 

and Compacted Clay Liner Inspector, which is the current industry-recognized certification program offered by the 

Geosynthetic Certification Institute located in Folsom, PA. 

3.2.2 Responsibilities 

The CQA Manager will have the following responsibilities in the implementation of the CQA/CQC Plan: 

• Serve as the primary on-site contact for the Engineer, maintaining contact and communication with the 

Engineer and Project Manager regarding conformance with the requirements of this Plan; 

• Provide overall coordination of the activities of the Geotechnical and Geosynthetic Construction 

Observers; 
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• Provide assistance to the Engineer in the review and interpretation of field and CQC/CQA laboratory 

testing results; 

• Provide assistance to the Project Manager by providing timely review of shop drawings and other 

submittals from Contractors and Subcontractors; 

• The CQA Manager should be on-site during construction activities to the extent practicable.  When not 

on-site, the CQA Manager should have a designee that will serve the function as CQA Manager in their 

absence; 

• Coordinate personnel needs with the Engineer and Project Manager.  The CQA Manager will be 

responsible for an appropriate number of personnel being present on-site, during various phases of liner 

construction; 

• Receive and organize quality assurance testing results from the CQC laboratories and check for 

compliance with contract drawing and technical specifications.  Notify Engineer and Project Manager of 

results, and review test results with Project Manager to make determination of acceptability and suitability 

for payment; 

• Coordinate and monitor delivery of appropriate samples to the CQA laboratories for quality control testing; 

• Receive and organize quality assurance testing results from the CQA laboratories and check for 

compliance with specifications.  Notify Engineer, Project Manager and Construction Observers of results.  

Review test results with Project Manager to make determination of areas to be reworked or repaired; 

• Organize field quality control testing data to facilitate preparation of weekly data summaries and the 

Construction Certification Report; 

• Review Daily Construction Reports prepared by the Construction Observers, and prepare weekly data 

summary; 

• Determine acceptance of installed portion of work to permit further construction; 

• Organize field quality control testing data to facilitate preparation of weekly data summaries and the 

Construction Certification Report; 

• Notify NYSDEC at least seven days prior to the pre-construction meeting, construction of the soil 

component of the secondary composite liner, placement of the primary and secondary geomembrane, 

and geomembrane liner integrity testing; 

• Notify Construction Observers of acceptance of installed portion of work to permit further construction; 

and 

• Compile relevant portions of the Construction Certification Report with the assistance of the Geotechnical 

and Geosynthetic Construction Observers. 

3.3 PROJECT MANAGER 

3.3.1 Qualifications and Experience 

The Project Manager may be employed by Seneca Meadows, Inc. and must have previous experience with 

landfill construction activities of similar magnitude and complexity.  The Project Manager must be familiar with the 

project, this CQA/CQC Plan, the Construction Plans and Technical Specifications, and the project specific 

Engineering Report.  The Project Manager must also have a working knowledge of the quality control testing 

procedures included in this Plan. 
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3.3.2 Responsibilities 

The Project Manager will have the following responsibilities in the implementation of the CQA/CQC Plan: 

• Maintain daily contact with the Owner/Operator, the Engineer and/or CQA Manager, the Contractor, and 

Subcontractors regarding scheduling of construction and CQA/CQC activities, and conformance with 

quality control testing requirements; 

• Coordinate the schedule of daily activities with the CQA Manager to maintain presence of the 

Geotechnical and Geosynthetic Construction Observers; 

• Review shop drawings and other submittals from the Contractors and Subcontractors for conformance 

with the Technical Plans and Specifications and take appropriate actions, and provide to Engineer/CQA 

Manager for review; 

• Review field and CQA/CQC laboratory quality control testing results with CQA Manager to check for 

conformance with the Technical Plans and Specifications.  Provide interpretation of data to determine 

areas to be reworked or repaired and direct that repairs are made; 

• Organize field quality control testing data to facilitate preparation of weekly data summaries and the 

Construction Certification Report; 

• Coordinate and monitor delivery of appropriate samples to the CQC laboratories for quality control 

testing; 

• Coordinate with CQA Manager and Construction Observers to implement proper quality control sampling 

procedures including proper sample location, sample size, sample collection protocol, and sample 

numbering system; 

• Receive and organize quality control testing results from the CQC laboratories and cheek for compliance 

with specifications.  Notify CQA Manager and Construction Observers of results.  Review test results with 

CQA Manager to make determination of areas to be reworked or repaired; 

• Forward requests for proposed modifications to the Engineer; 

• Inform the CQA Manager and Construction Observers of noted deficiencies in quality control testing 

results or procedures so that corrective actions can be taken; and 

• Assist in the preparation of the Construction Certification Report. 

3.4 GEOTECHNICAL CONSTRUCTION OBSERVER 

3.4.1 Qualifications and Experience 

Geotechnical construction observers will be utilized for various aspects of earthwork construction associated with 

landfill systems.  Through a combination of formal education, training, and related field experience, the 

Geotechnical Construction Observer must have knowledge of the specific aspects of landfill construction, 

including, as applicable, specialized geotechnical construction, earthwork, installation of granular fills, aggregates, 

low permeability soil liners, and applicable testing methods.  Where appropriate, the Geotechnical Construction 

Observer must also have knowledge of the installation of manholes, pumping, and piping systems.  The 

Geotechnical Construction Observers may be employed by Seneca Meadows, Inc. and must be approved by the 

Engineer.  

For landfill liner components, it is desirable that the Geotechnical Construction Observers be a Certified CQA 

Compacted Clay Liner Inspector, which is the current industry-recognized certification program offered by the 

Geosynthetic Certification Institute, a branch of the Geosynthetic Institute located in Folsom, PA. 

The Geotechnical Construction Observer must be familiar with, properly trained, and certified as required, in soil 

sampling and testing procedures including the use and application of Shelby tube sampling methods and nuclear 

moisture-density meters. 
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3.4.2 Responsibilities 

The Geotechnical Construction Observer will have the following responsibilities in the implementation of the 

CQA/CQC Plan (responsibilities are listed under overall activity): 

Landfill Earthwork 

• Visually observe construction materials including but not limited to soils, piping, and other materials 

delivered to the site to determine conformance with material specifications; 

• Observe and record procedures used for site preparation clearing and grubbing; 

• Observe and record procedures used for excavation and filling of subgrade to required elevations; 

• Observe and record procedures for placement of structural fill, filter layers, drainage soil and stone layers, 

and low permeability soil, including: 

o Compaction Equipment; 

o Lift thickness; 

o Method of moisture adjustment; 

o Proof-rolling;  

o Compaction procedures used; and 

o Fine grading. 

• Perform moisture and density testing, as established in the Technical Specifications; 

• Assign locations for collection of low permeability soil samples for quality control testing;   

• Assign location 

• s and collect samples of other soils for quality control testing, including permeability tests; 

• Assign locations and collect undisturbed samples (Shelby tubes) for quality assurance testing of low-

permeability samples.  Provide direction to Earthworks Contractor personnel/operators in collection of 

samples; 

• Prepare samples and provide for delivery of samples to the CQA laboratory or the CQA Manager; 

• Record on-site activities that could result in damage to earthwork or site improvements, such as 

compacted subgrade or low permeability soils, and report these activities to the Contractor, Subcontractor 

and the CQA Manager; 

• Prepare daily construction reports as described in Section 10.1; 

• Perform CQA/CQC activities as required by the Project Engineer and/or CQA Manager; and   

• The minimum required number of earthworks construction observers is provided in Table 2-1, based on 

specific activity. 

3.5 GEOSYNTHETIC CONSTRUCTION OBSERVER 

3.5.1 Qualifications and Experience 

The Geosynthetic Construction Observers used for liner construction may be employed by Seneca Meadows, Inc. 

and must be approved by the Project Engineer. Through a combination of formal education and experience, the 

Geosynthetic Construction Observer must have knowledge of landfill construction including manufacturing, 

installation, and testing methods of geosynthetics. It is recommended the Geosynthetic Construction Observer 

who will serve as a Team Leader among the other CQA Observers be a Certified CQA Geosynthetic Materials 

Inspector, which is the current industry-recognized certification program offered by the Geosynthetic Certification 

Institute, a branch of the Geosynthetic Institute located in Folsom, PA. 
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3.5.2 Responsibilities 

The Geosynthetic Construction Observer will have the following responsibilities in the implementation of the 

CQA/CQC Plan: 

• Visually observe construction materials such as geomembranes, geotextiles, geosynthetic clay liner, and 

geosynthetic drainage composite delivered to the site to determine general conformance with the material 

specifications; 

• Observe and record condition of subgrade prior to placement of geomembranes, geotextiles, and 

geosynthetic clay liners; 

• Observe and record procedures for stockpiling, storage and handling of geosynthetic materials delivered 

to the site; 

• Observe and record procedures used for installation of geomembranes, geotextiles, and geosynthetic 

clay liners; 

• Visually observe geosynthetics after installation for compliance with this CQA/CQC Plan; 

• Observe and record procedures used for construction of liner penetrations; 

• Conduct final inspection of geomembranes, geotextiles, and geosynthetic clay liners prior to placement of 

cover materials; 

• Observe that panel placement is in accordance with the approved panel plan; 

• Observe that permanent and temporary anchoring procedures are followed; 

• Observe and record procedures used for seaming.  Observe and record that area of seam is clean, 

supported, and overlap and seam width are in accordance with this CQA/CQC Plan; 

• Observe and record that required field seaming tests are performed.  Observe and record that areas with 

deficient seams are marked for repair; 

• Observe and record procedures used for repairs; 

• Assign locations for collection of samples for quality assurance testing; 

• Observe and record procedures used to repair areas where samples are taken; 

• Provide for delivery of samples to the CQA laboratory or the CQA Manager; 

• Record on-site activities that could result in damage to subgrades, geomembranes or other 

geosynthetics, and report these activities to the Engineer/CQA Manager, Contractor, Subcontractor, and 

the Project Manager; 

• Prepare daily construction report as described in Section 10.1; 

• Perform CQA/CQC activities as required by the Engineer and/or CQA Manager; and 

• The minimum required number of geosynthetics construction observers is provided in Table 2-1. 

3.6 LEAK DETECTION SURVEY FIRM 

3.6.1 Qualifications and Experience 

Leak Location Contractor shall be an independent third party unrelated by ownership or relation to the general 

contractor, CQA firm, or geomembrane installation contractor and have qualifications and experience in 

conducting the survey method, including having tested a minimum of 20,000,000 square feet of geomembrane 

liner within the previous three years.  In addition, the leak location surveys must be supervised by a professional 

or technician with a minimum of three years and 5,000,000 square feet of geomembrane testing experience using 

the leak location survey method.  The leak location supervisor must be on site full-time during the performance of 

the leak location survey.  
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3.6.2 Responsibilities 

The leak detection firm will have the following responsibilities for implementation of the CQA/CQC Plan: 

• Perform leak detection surveys on primary and secondary geomembrane systems following placement of 

soil cover. 

• The Leak Location Contractor will identify actions required by the Contractor to prepare the site for a 

survey, such as: 

o Moving/disconnecting electrical equipment 

o Cleaning/preparing soil surfaces 

o Providing moisture to the soil surface, as directed by the leak detection firm representative. 

o Gridding a soil surface 

o Providing electrode access to leaked liquid 

o Removing/marking obstructions to the survey 

• Providing electrodes to the Project Manager prior to installation of underlying subgrade, as applicable; 

• Installation/calibration of a test leak and calibration of system sensitivity; 

• Providing daily updates and maintaining direct communication with the Project Manager regarding status 

of survey; 

• “Fine tuning” potential locations of potential leaks and confirmation of leak after removal of soil cover; 

• Leak testing of the repaired geomembrane; 

• Providing a final report documenting procedures used and identification of detected leaks (including 

emplaced holes in the liner system). 

3.6.3 Data Recording 

The Leak Location Contractor shall furnish equipment for performing the Work that automatically records and 

stores the leak location survey data in electronic format at the time of data collection (continuous survey data 

recording) and that can be post-processed for data plotting and analysis.  The data must be taken with a density 

no less than 3,000 data points per acre to ensure proper data density is achieved to find the smallest damage 

possible.   A “data point” is the electrical reading taken by a single pair of dipole electrodes, spaced a minimum 

of 36” apart, and a maximum of 44.5” apart.  Subsequent lines of data must be taken a maximum of 5 feet apart.   

3.7 EARTHWORK CONTRACTOR 

3.7.1 Qualifications and Experience 

The Earthwork Contractor must have previous experience in the movement of large quantities of soil, and the 

placement and compaction of low permeability soil liners. The contractor may be Seneca Meadows, Inc.’s own 

construction group or an independent firm. The field supervisor must have a minimum qualification of successful 

experience on at least 50 acres of landfill or comparable low permeability soil liner systems construction, including 

the installation of manholes, pumping and piping systems. 

3.7.2 Responsibilities 

The Earthworks Contractor will have the following responsibilities in the implementation of the CQA/CQC Plan: 

• Submission of sources and provide assistance to CQA Manager to obtain construction quality control 

data for proposed structural fill, filter layers, drainage soil and stone layers, and low permeability soil, and 

other proposed soil materials to the Engineer;   

• Notification of test pad installation to the Engineer; 

• Provide assistance to geotechnical construction observers with collection of CQA samples (e.g., Shelby 

tubes);  
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• Documentation of quantities of materials used/placed; and 

• Implementation of corrective measures recommended by CQA personnel. 

3.8 GEOSYNTHETICS CONTRACTOR 

3.8.1 Qualifications and Experience 

The Geosynthetics Contractor may be subcontracted by Seneca Meadows, Inc., the Earthworks Contractor (if not 

SMI), or may consist of qualified master seamers and technicians employed directly by SMI’s construction group.  

• The Geosynthetics Contractor must employ personnel with previous experience in the installation of 

geomembrane liners, geosynthetic clay liners, geotextiles, and geocomposite drainage layers.  

• The field crew foreman of the liner installer must have a minimum qualification of successful installation 

experience of at least 250 acres of previous landfill or comparable geosynthetic systems, on a minimum 

of five different projects.  

• Geomembrane seaming personnel must have a minimum qualification of successful installation 

experience on at least 50 acres of landfill or comparable geomembrane liner systems construction.  

• Each welding machine must be operated by a welding technician who has been identified by the 

Geosynthetics Contractor as having been trained in the proper operation and maintenance of the 

equipment used. In addition, each welding technician must demonstrate to the Engineer their ability to 

operate the welding equipment through the performance of trial welds prior to production welding.  

The Engineer or Project Manager retains the authority to reject individuals from welding based on this 

demonstration. 

3.8.2 Responsibilities 

The Geosynthetics Contractor will have the following responsibilities in the implementation of the CQA/CQC Plan: 

• Coordination with manufacturing facilities for the collection, review, and submission of MQA/MQC data to 

the Project Manager prior to delivery of geosynthetics to the site; 

• Coordination of in-plant conformance sampling with the Project Manager; 

• Documentation of installed geosynthetics quantities; 

• Performance of non-destructive geomembrane seam tests, including spark testing, vacuum box testing, 

and pressurized air channel testing; 

• Collection of samples for destructive testing at locations designated by the Geosynthetics Construction 

Observer.  The Geosynthetics Contractor may choose to submit CQC samples for destructive testing – 

otherwise they will use data obtained from the CQA destructive test results; and 

• Implementation of any required corrective measures, including repair of compromises detected by the 

Electrical Leak Location Survey.   
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4.0 CQA/CQC LABORATORIES 

The CQA/CQC laboratory selection criteria are addressed in Section 2.2 of this plan.  The pertinent qualifications 

and experience and responsibilities of the CQA/CQA laboratories are presented below. 

4.1 GEOTECHNICAL CQA/CQC LABORATORIES 

4.1.1 Experience and Qualifications 

The Geotechnical CQA/CQC Laboratories must have experience in testing low permeability soil, granular fills and 

aggregates, and be familiar with ASTM test standards and U.S Army Corps of Engineers (USACE) test 

procedures for permeability, as required in this CQA/CQC plan, the project specific Engineering Report, or as 

directed by the Engineer.  The geotechnical laboratory must possess appropriate accreditations/approvals for the 

tests performed, including but not limited to, AASHTO (American Association of State Highway and 

Transportation Officials), and the USACE.   

The Geotechnical CQA Laboratory must be capable of providing permeability test results within 48 hours of 

receipt of sample, and must be capable of providing any other quality assurance test results within four (4) 

working days of receipt of samples. 

With the exception of triaxial shear tests performed on structural fill soil, the Geotechnical CQC Laboratory must 

be capable of providing test results within four working days of receipt of samples. 

The Geotechnical CQA/CQC laboratories must submit an acceptable Quality Assurance Plan to the Engineer to 

demonstrate that the laboratory has the capability to complete the quality assurance/quality control testing 

required in this CQA/CQC Plan. 

4.1.2 Responsibilities 

The Geotechnical CQA/CQC laboratories are responsible for performing tests and formally submitting results to 

the CQA Manager and Project Manager as required in this CQA/CQC Plan. 

4.2 GEOSYTHETIC CQA/CQC LABORATORIES 

4.2.1 Experience and Qualifications 

The Geosynthetic CQA/CQC laboratories must have experience in testing geosynthetics, and must conform with 

ASTM, GRI, and other applicable test standards, as required in this CQA/CQC plan, the project specific 

Engineering Report, or as directed by the Engineer.  The Geosynthetics Laboratory must possess applicable 

accreditations, including: Geosynthetic Accreditation Institute-Laboratory Accreditation Program (GAI-LAP), and 

AASHTO (as appropriate).   

The Geosynthetic CQA/CQC laboratories must be capable, with the exception of longer term shear and 

transmissivity testing, of providing destructive test results within 24 hours of receipt of samples. 

The Geosynthetic CQA/CQC laboratories must submit an acceptable Quality Assurance Plan to the Project 

Engineer to demonstrate that the laboratory has the capability to complete the quality assurance/quality control 

testing required in this CQA/CQC Plan. 
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4.2.2 Responsibilities 

The Geosynthetic CQA/CQC laboratories are responsible for performing tests and formally submitting results to 

the CQA Manager and Project Manager as required in this CQA/CQC Plan. 
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5.0 EARTHWORK CONSTRUCTION 

Earthwork construction consists of the excavation, transport, stockpiling, subgrade preparation, and placement 

and compaction of cohesive and non-cohesive soils.  Materials included as earthwork components include but are 

not limited to the following: 

• Subgrade Excavation and Backfill; 

• Select Subgrade Soil; 

• Select Low-permeability backfill; 

• Low Permeability Soil Liner; 

• Structural Fill Material; 

• Low-Permeability backfill; 

• Pipe and trench bedding and backfill; 

• Barrier Protection Layer; and 

• Soil Suitable for Vegetative Growth. 

Testing frequencies for material evaluation and construction quality evaluation are presented in the following 

Technical Specifications, as appropriate.   

• Section 02221, Select Subgrade Soil 

• Section 02222, Subgrade 

• Section 02223, Common Trench Backfill 

• Section 02224, Structural Fill 

• Section 02226, Low Permeability Soil 

• Section 02235, Soil Suitable for Vegetative Growth 

• Section 02236, Barrier Protection Soil Layer 

• Section 02245, Select Granular Backfill 

• Section 02276, Soil Liner  

• Section 02277, Test Pad 

Table 5-1 lists quality control tests that are typically required during the course of construction and the accepted 

test method reference.  Substitution of a method other than that specified in Table 5-1 for a particular test is 

subject to the approval of the Engineer.  Also, the use of test methods for those tests not listed in Table 5-1 that 

are deemed necessary for the work are subject to the approval of the Engineer. 

General requirements for each component of earthwork construction are provided below.   

5.1 SUBGRADE 

Work performed under this section consists of the excavation and preparation of landfill subgrade prior to 

placement of geosynthetics, low-permeability backfill, soil liner, or select subgrade soil. 

5.1.1 Soil Excavation and Placement 

Excavation work includes the removal of soil within the footprint of the landfill subgrade or at other locations 

shown on the Drawings or as directed.  Excavation will be performed as indicated to the lines and grades shown 

on the drawings or to the satisfaction of the Geotechnical Construction Observer.   

Positive drainage of existing and newly graded areas and other construction areas during the work will be 

maintained to the extent practicable.  Temporary dewatering measures to remove surface and pore water during 

excavation below surrounding grades will be required prior to installation of permanent measures.  The 
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Earthworks Contractor will be required to install, operate, and maintain temporary dewatering measures to allow 

for removal of water in as expedient a manner as possible.   

5.1.2 Subgrade Preparation 

The subgrade for low permeability soil layers will be proof-rolled to detect pockets of soil significantly more 

compressible than the average foundation material.  When required, these pockets will be removed and replaced 

with select subgrade soil in accordance with the procedures provided in Section 02221.  Where low-permeability 

subgrade soils are specified, removed subgrade soils must be replaced with low-permeability subgrade (Section 

02226).   

Before placing soil or geosynthetic material over the subgrade, the exposed surface will be inspected to evaluate 

the suitability of the subgrade, the surface is properly compacted, and that elevations are consistent with the 

drawings.  For secondary soil liner, the subgrade soils must be structurally sound and must exhibit a dry density 

of 90 percent of the Modified Proctor maximum dry density for that soil.   

If a subgrade density measurement falls below 90 percent of the average Modified Proctor maximum dry density 

and would be unsuitable for construction of overlying layers, prior to retesting the area, the Geotechnical 

Construction Observer will determine the probable cause of the inadequate density and the appropriate action will 

be taken including, but not necessarily limited to: 

• Additional compaction; 

• Reworking and recompacting the subject subgrade soil; and 

• Removal and replacement of the subgrade soil. 

When either step is taken, retests will be obtained on the subgrade as close as possible to the original test 

location using the same methods to locate the test.  Retests will be performed within five feet of the original test 

location. 

Select subgrade fill or low permeability backfill will be used to backfill over-excavations in the subgrade and will be 

tested by the Geotechnical Construction Observer following the procedures outlined in this section. 

Additional action to prepare the subgrade will vary depending on the succeeding layer of material.  If soil is to be 

placed over the subgrade surface, then the surface of the subgrade may be moistened or, both moistened and 

scarified/disked for proper bonding before the soil is placed.  If a geosynthetic layer is to be placed over the 

subgrade surface, then the subgrade must provide a suitable surface for receipt of the adjacent geosynthetic layer 

without damage. 

5.2 LOW PERMIABILITY SOIL LINER 

Soil liner consists of cohesive (low permeability) soils, placed in lifts, to form the secondary soil baseliner layer.  

Low-permeability soil liner will be constructed in accordance with the material, testing, and placement 

requirements provided in Section 02276.  Construction requirements for soil liner include the inspection, testing, 

and, if necessary, repair/replacement of underlying subgrade soils prior to placement of secondary soil liner.  

Material, testing and placement requirements for soil liners that may be required are provided in the following 

sections:    

• Section 02221, Select Subgrade Soil 

• Section 02226, Low-Permeability Soil 
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5.2.1 CQA/CQC Test Methods 

Test methods for soil materials used for secondary soil liner will be carried out in accordance with procedures 

developed by the American Society of Testing and Materials or the U.S. Army Corp. of Engineers. Additional test 

methods and frequencies are presented in the technical specifications. 

5.2.1.1 Quality Control Testing 

The Engineer is responsible for obtaining and testing quality control samples (CQC) for materials used in soil liner 

and subgrade backfill materials.  A quality control sampling plan will be submitted by the Project Manager to the 

Engineer for approval prior to obtaining samples by the Geotechnical Construction Observer.  The sampling plan 

will include: 

• Source location; 

• Sample locations and depths; 

• Sample testing parameters; and 

• Sampling schedule. 

Quality control sampling will include procurement of soil samples from the material source to be tested for the 

following, as appropriate: 

• Moisture content and Atterberg limits; 

• Grain size analysis; 

• Laboratory permeability; and 

• Moisture/density/permeability relation. 

Each sample of the prospective material collected for laboratory analysis will be shipped in a moisture tight 

container. 

Quality control testing data will be obtained by testing soils from stockpiles or sources to be utilized for these 

materials.   The same material source may be used for both soil liner, low permeability backfill, and select 

subgrade provided it meets the material and performance requirements for each.  The same CQC data may be 

used to demonstrate compliance with more than one material use – for example, a soil source used for low-

permeability soil liner could also meet the requirements for subgrade backfill (either select or low-permeability 

subgrade backfill).  Prior to the placement of the soil, the test results from that source will be submitted by the 

Project Manager to the Engineer for approval and be distributed to the CQA Manager and Owner/Operator for 

their records. 

5.2.1.2 Quality Assurance Testing 

The CQA evaluation of low-permeability soil placement consists of: 

• Observation of the quality of workmanship and soil materials used in performance of the work; 

• Observation of lift thickness; 

• Investigations into the adequacy of layer bonding; and 

• Confirmatory field sampling and testing. 

Field and laboratory tests will be conducted on soils included in the actual construction product.  The thickness of 

the soil portions of the liner systems will be checked by observing the number and compacted thickness of the 

lifts, and verified by Record Drawing survey data.  The soils portion of the baseliner system will be placed to the 

thickness indicated on the drawings.  Inspection of the work will include some or all of the following depending on 

the level of testing required in the specifications for each specific soil layer: 
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• Observe the subgrade so that waste materials, organic and other undesirable soils are removed; 

• Measurement of the moisture content and dry density of the subgrade by nuclear density/moisture gauge 

at a rate of nine per acre per lift for backfill subgrade, or nine per acre for excavated subgrade; 

• Measurement of the moisture content and dry density of the compacted soil liner by nuclear 

density/moisture gauge at a rate of nine per acre per lift; 

• Collection of undisturbed soil samples at a frequency of one per acre per lift for confirmatory laboratory 

permeability testing; 

• Observe and/or measure the thickness of lifts, as loosely placed and compacted; 

• Observation of the effects of the compaction and heavy hauling equipment on the previously placed lifts 

(moisture content, sheepsfoot penetration, pumping, cracking, etc.); 

• Observing the number of passes by compaction equipment used to compact each lift; 

• Obtain measurements of slope and finish grades to check that design requirements are met; 

• Note changes in color or texture of soils along with the relative moisture content.  Check for desiccation 

cracks and stability of the subgrade prior to placement of subsequent soil layers or geomembrane liner; 

• Inspect the soils for the presence of roots, stumps and large rocks; and 

• Observation and documentation of the Contractor’s operation. 

5.2.2 Construction Requirements 

This section provides an overview of construction methodology, requirements and procedures for placement of 

low-permeability soil layers.  Specific requirements for placement of secondary soil liner for landfill liner systems 

are provided in Section 02276 of the technical specifications.  

The soil will be placed with the objective that moisture content and dry density values, obtained by field testing, 

will plot within the acceptable permeability envelope ranges on the proctor curve for that soil as determined by 

pre-construction quality control testing.  The Geotechnical Construction Observer will measure the 

moisture/density of the fill with a nuclear densometer. Sampling and moisture/density test locations will be 

selected by the Geotechnical Construction Observer and are subject to the approval of the CQA Manager and 

Project Engineer.  If the surface of a soil layer is too dry or smooth to promote proper bonding with the next soil 

layer, then the surface will be moistened, scarified/disked or both before the succeeding soil layer is placed.  If the 

surface has to be scarified/disked, the disturbance of the layer will be kept to the minimum depth necessary for 

proper bonding with succeeding soil layer.  Additional testing for suspected non-compliance areas will be 

considered when: 

• Soil is placed at variable moisture content; 

• Soil material appears different than that used in previous work; 

• As directed by the CQA Manager, Project Manager or Engineer; 

• Adverse weather conditions are experienced; or 

• Regrading of existing layers has been performed. 

A low permeability soil density measurement which falls outside the acceptable permeability envelope ranges on 

the proctor curve for that soil, as determined by pre-construction quality control testing will be considered a failed 

test.  Failed test areas will be reworked and retested.  Prior to retesting any area, the Geotechnical Construction 

Observer will determine the probable cause of the failed soil moisture and density measurements and the 

appropriate action will be taken including, but not necessarily limited to: 

1. Moisture adjustment; 

2. Additional compaction; 

3. Rework and recompact the subject soil liner area; and 

4. Removal and replacement of the soil liner lift. 
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When either or both of the first two options are taken, retests will be obtained on the same lift as close as possible 

to the original test location using the same methods to locate the test, including at least one retest collected from 

within five feet of the original failed test location.  When the third or fourth options are taken, retests will be 

performed at a rate of nine tests per acre per lift, or, one every 4,840 square feet.  Where the need for additional 

corrective measures beyond those identified above is determined to be necessary by the Engineer or CQA 

Manager, the Earthworks Contractor and Project Manager will be notified by the CQA Manager.  The Earthworks 

Contractor will provide to the Project Manager and Engineer a description of proposed corrective measures.   

Overall soil thickness must meet the “minimum” specifications as shown on the design drawings.  Soil shall be 

graded and compacted to a uniform lift thickness no greater than the maximum lift thickness approved by the 

Engineer.  In general, soil liner will be placed in lifts with a nominal compacted thickness of six inches, except 

where test pad results indicate a thicker lift may be used.  However, an individual compacted lift thickness shall 

not exceed 12 inches for low-permeability soil liner.  In addition, for the first lift over a geosynthetic layer the 

nominal compacted thickness shall be 12 inches.   

Compaction will be performed with suitable high energy compaction equipment. Proper compaction will be 

obtained throughout by properly controlling the moisture content, lift thickness, and compaction energy/kneading 

action to effectively destroy soil clods.  The Geotechnical Construction Observer will randomly observe the 

conditions of the lower portions of the lift to ascertain whether sufficient molding of the clayey soils has occurred. 

The Shelby tube samples will provide the constant head triaxial cell permeability test specimens for the 

compacted soil liner.  Samples will be obtained for permeability testing at a frequency of one per acre per lift in 

accordance with Section 02776.   

The final, low-permeability soil liner surface will be inspected prior to placement of additional layers.  The 

completed soil liner will be covered as soon as practicable with soil (for final cover systems) or geomembrane to 

prevent formation of desiccation cracks.  As part of final subgrade approval, the completed surface will be 

inspected for desiccation cracks and overall suitability for placement of subsequent layers.  Procedures and 

requirements for addressing desiccation cracks are provided in Section 02276.   

The CQA Manager will maintain a running tabulation of the quality control test results at the site.  This 

accumulating tabulation will include the following: 

• Field measurements and test results for nuclear moisture/density measurement: 

• Moisture/density relations testing; 

• Atterberg limit values; 

• Grain size distribution; 

• Permeability test results; and 

• General notes regarding overall conditions of the work. 

This tabulation will be submitted weekly by the CQA Manager to the Project Manager and Engineer for verification 

that a sufficient number of results or measurements are obtained, that an even distribution of tests and 

measurements is being achieved, that out-of-specification test areas are accounted for and addressed, and that 

status checks are available during the work.   

5.3 STRUCTURAL FILL AND BARRIER PROTECTION SOIL LAYERS 

Structural soil fill will be used for the construction of drainage swales, embankments, and at locations indicated in 

the drawings.  The 24-inch barrier protection soil layer system will be installed for final cover systems.   
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5.3.1 Structural Fill 

The CQA/CQC testing of the structural fill will be conducted at the frequencies provided in Section 02224 of the 

Technical Specifications.  The structural fill will be free of refuse, rubble, metal, wood, and other objectionable, or 

undesirable materials that cannot be properly compacted. 

Three types of structural fill will be used.  Type I structural fill consists of a soil that has physical properties such 

that it can be readily spread and compacted to a level where the minimum required function is achieved.  Type I 

structural fill will be used in limited use applications such as screening berms where the primary function of the 

material will be to provide visual screening where no traffic, containment, or other critical use is required.  Type I 

structural fill will be placed on maximum sideslope of 3H:1V. 

Type II structural fill will consist of a soil that has physical properties such that it can be readily spread and 

compacted to the required densities to meet the required strength requirements for perimeter landfill 

embankments or stormwater retention basins.  Type II structural fill consists of “unclassified fill” (Type II.A) and 

“select fill” (Type II.B).  Typically, Type II.A structural fill is used for embankment construction.  Type II.B structural 

fill is specified by the Engineer where higher shear strength material is required in embankment construction.  

Type II structural fill will be subjected to CQA/CQC testing to confirm placement requirements.  Type II structural 

fill soil will be placed in lifts with a nominal compacted thickness of 12 inches by mechanical spreaders and 

compacted with a kneading type compactor to effectively break soil clods, and to achieve the minimum dry 

density required to meet project requirements as determined by pre-construction testing.  CQA/CQC test methods 

will be performed as described in Section 02224 of the Technical Specifications.   

Type III structural fill will consist of an oversize, well-graded shale material. The shale will consist of a relatively 

durable, 18-inch minus, well-graded, shot rock. The shot rock will be placed with a D6 (or larger) dozer that 

passes over the material a minimum of four times with full track coverage. Pieces larger than 18 inches would be 

removed from the fill zone. In general, structural fill used for embankment construction will consist of Type II 

material. Type III structural fill may be substituted for Type II material with prior review and approval by the Design 

Engineer. Additional information regarding placement is provided in Section 02224 of the Technical 

Specifications.   

5.3.2 Barrier Protection Soil Layer 

The material used for the barrier protection layer will be free of refuse, rubble, metal, wood, and other 

objectionable or undesirable materials.  Barrier protection soil layer material used on final cover systems that 

include a geomembrane must meet the minimum required permeability requirements provided in the Engineering 

Plans and Section 02236 (Barrier Protection Soil Layer) of the Technical Specifications.  In general, the maximum 

required permeability for upper 12-inch-thick layer of the barrier protection layer used over geomembrane cover 

systems is 1x10-6 cm/s and the minimum for the lower 12-inch-thick layer is 0.01 cm/sec.  The specific values 

required may be modified based on the specific configuration and permeabilities of cap materials including the 

potential use of a drainage geocomposite, spacing of the geocomposite, and discharge locations (typically 

drainage swales).  For example, the use of a drainage composite or higher permeability soil in the lower layer 

could allow for a higher permeability within the upper layer.  

Quality control testing data will be obtained by testing soils from stockpiles or sources to be utilized for 

construction.  Prior to the placement of the soil, the test results from that source will be submitted by the Project 

Manager to the Engineer for approval and be distributed to the CQA Manager and Owner/Operator for their 

records. 

The upper layer shall be tested in accordance with the requirements of Section 5.2.1 of this report.  A density-

permeability relationship will be established for the lower layer.  This relationship will indicate the dry density 

required to test drainage media to confirm acceptable permeability values.  Additional gradation tests on the lower 

layer will be conducted on samples of drainage aggregate placed in accordance with frequencies provided in 
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Section 02440 to confirm the manufacturer’s gradation testing results.  Quality assurance samples will also be 

collected for permeability testing of the lower layer at the frequencies provided in Section 02440.  At least one-half 

of the quality assurance samples will be collected from placed material.   

5.4 PRIMARY & SECONDARY LEACHATE COLLECTION DRAINAGE MEDIA 

The secondary leachate collection system on liner base slopes (slopes less than 25%) includes a geocomposite 

and 12-inch thick drainage/protection layer.  The 12-inch thick secondary drainage media will generally consist of 

crushed stone.  On slopes greater than the 25%, the drainage layer is not installed.  The primary drainage layer 

will consist of a minimum 12-inch thick layer of clean, stable, rounded aggregate and an 18-inch thick layer of 

approved tire chips.  Primary and secondary leachate collection pipes will be bedded in angular stone bedding 

placed within the leachate collection layers.  Drainage media used in the secondary and primary leachate 

collection layers (including pipe bedding) must be free of organic material and have less than five percent of the 

material by weight passing the No. 200 sieve.   

Required permeabilities for primary and secondary drainage layers are provided in the Engineering Drawings and 

in Section 02440 Leachate Drainage Layer.  Calculations for permeability requirements are contained in the 

Engineering Report. 

5.4.1 Quality Control Testing 

Quality control testing data will be obtained by testing soils from stockpiles or sources to be utilized for 

construction.  Prior to the placement of the soil, the test results from that source will be submitted by the Project 

Manager to the Engineer for approval and be distributed to the CQA Manager and Owner/Operator for their 

records. 

A density-permeability relationship will be established for the drainage aggregate.  This relationship will indicate 

the dry density required to test drainage media to confirm acceptable permeability values.    

5.4.2 Quality Assurance Testing 

Additional gradation tests will be conducted on samples of drainage aggregate placed in accordance with 

frequencies provided in Section 02440 to confirm the manufacturer’s gradation testing results.  Quality assurance 

samples will also be collected for permeability testing at the frequencies provided in Section 02440.  At least one-

half of the quality assurance samples will be collected from placed material.   

5.5 DETENTION/SEDIMENT BASINS 

Work performed under this section consists of soil excavation, placement, and hydraulic structure construction. 

5.5.1 Soil Excavation and Placement  

Excavation work includes the removal of soil in the detention and/or sedimentation basins. Excavation will be 

performed as indicated on the drawings to the lines and grades shown or to the satisfaction of the Geotechnical 

Construction Observer.  Soil placement work includes construction of the ponds or basin perimeter embankments 

as indicated on the drawings.  Structural fill soil testing procedures outlined in Section 5.3 will be followed during 

construction of the berms. 

Positive drainage of existing and newly graded areas and other construction areas during the work will be 

maintained.  If, during excavation, it is not possible to place material in its proper section of the permanent 

construction, it will be stockpiled in approved areas for later use. 



190469 

Last Revised Date: July 14, 2020   

 

  5-8 

Boulders, rocks, cobbles, construction rubble, etc., six inches or greater in size encountered will be removed from 

the excavation area. 

5.5.2 Hydraulic Structure Construction 

Hydraulic structures associated with the detention/sediment basins will be constructed to the lines and grades 

shown on the Engineering Drawings and as specified in the Engineering Report. 
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6.0 GEOMEMBRANE LINER 

This section pertains to the installation of the 60 mil (minimum) High Density Polyethylene (HDPE) textured 

geomembrane liner components of the baseliner system and the 40 mil Linear Low Density Polyethylene (LLDPE) 

geomembrane liner component of the final cover system.   

A primary and secondary 60 mil (minimum average) HDPE textured geomembrane liner shall be installed as part 

of the baseliner system.  Material and installation requirements and CQA/CQC procedures in this section provide 

a general overview of the installation of textured geomembranes, including material requirements, manufacturing 

quality assurance/manufacturing quality control (MQA/MQC), delivery and storage, installation, and construction 

quality assurance/quality control.  Section 02597, HDPE Geomembrane, and Section 02598, Linear Low Density 

Polyethylene are included in the technical specifications and provides the detailed material, installation, and 

QA/QC requirements for geomembrane installation.   

Textured HDPE geomembrane sheet will be used in the construction of the expansion base liner slopes and floor 

areas, as shown on the Engineering Drawings.  On the expansion areas, final cover systems include a 

geomembrane liner.  A 40 mil LLDPE geomembrane will be used for the geomembrane component of the final 

cover system.    

6.1 MATERIAL PROPERTIES 

Material requirements for HDPE geomembrane and LLDPE geomembrane are provided in Sections 02597, 

HDPE Geomembrane and 02598, LLDPE Geomembrane, respectively.  These technical specifications provide 

the minimum required material properties.  In general, the minimum required material properties are periodically 

updated within the specifications as industry and/or regulatory guidelines are refined.  However, for HDPE 

geomembrane, the technical specifications provide requirements for thickness and stress crack resistance that 

exceed current industry guidelines provided by the Geosynthetics Research Institute’s specification for HDPE 

geomembrane (GM-13 – “Test Properties, Testing Frequency and Recommended Warranty for High Density 

Polyethylene (HDPE) Smooth and Textured Geomembranes").  In addition to material properties, the 

geomembrane technical specifications provide the requirements for installation, MQA/MQC testing, including 

methods and frequencies, as well as requirements for conformance testing of geomembrane.   

6.1.1 Polyethylene Resin 

The geomembrane sheet shall be manufactured from a pure virgin polyethylene resin, without carbon black or 

other additives, having a minimum density as provided in the Technical Specifications.  The virgin resin shall be 

mixed with two to three percent carbon black.  The carbon black is to be pre-blended according to specifications 

of the resin manufacturer.  Prior to the delivery of the geomembrane material to the site, the Geosynthetics 

Contractor will be required to provide the Project Manager with a written certification that the product to be 

delivered has been extruded from the approved resin.   

6.1.2 Sheet Manufacturing 

The manufacturer of the geomembrane sheet must be approved by the Project Engineer and have satisfactory 

experience in extruding geomembrane materials with a reputation for producing a product that meets the 

specifications.  The sheet materials must be formulated from the appropriate polymers and compounding 

ingredients to form a sheet material that meets requirements for the specified end use of the product.  The sheet 

material must be capable of being bonded to itself by thermal bonding in accordance with the preferred current 

state of practice methods as defined in this Section. 
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Extruded sheets must be at least 15 feet in width.  Each roll must be identified by a weatherproof label including 

identification of the thickness of the sheet, length and width of roll manufacturer’s name, lot number, a batch 

number, a roll number and date of manufacture.  Each roll must include any additional information required to 

allow the Project Manager to relate that roll to the manufacturing and raw material quality control documentation 

as required by this CQA/CQC Plan.  Paint or other markers used for identification must be of a type which will not 

degrade the liner or packaging material. 

The delivered sheets must conform to the minimum properties and the latest revisions to GRI standards for HDPE 

(GM-13) or LLDPE geomembrane (GM-17), or the site-specific Technical Specifications, whichever are higher.   

6.1.3 Welding Rods 

The geomembrane welding rod shall be manufactured from the same resin formulation as used in the 

manufacture of the geomembrane.  Where seaming of two different geomembranes is required (either 

geomembrane from two manufacturers, resin formulations, or material types), the welding resin formulation used 

shall be from at least one of the geomembranes being seamed together.  Welding resin requirements are 

provided in the Technical Specifications.   

Welding rod spools shall be identified by a weatherproof label including manufacturer’s name, lot number, batch 

number, roll or bag number and date of manufacture.  Each spool of welding rod or bag of pellets shall include 

any additional information required to allow the Project Manager to relate that welding rod to the raw material 

quality control documentation as required by these specifications. 

Prior to delivery of the welding rod to the site, the Geosynthetics Contractor must provide the Project Manager 

with a written certification that the product to be delivered has been extruded from the approved resin.  The 

Project Manager will submit a copy of the certification to the CQA Manager upon its receipt.  No material will be 

permitted to be stored on-site until this certification has been delivered to and reviewed by the Project Manager. 

6.2 QUALITY CONTROL DURING MANUFACTURING 

Manufacturing quality assurance/quality control procedures will be employed by the geomembrane supplier.  A 

copy of the Manufacturing Quality Assurance/ Manufacturing Quality Control (MQA/MQC) Plan will be submitted 

to the Project Manager for review prior to approval of a geomembrane material/manufacturer.  MQA/MQC 

procedures utilized during geomembrane manufacture must meet the minimum requirements provided in the 

manufacturer’s MQA/MQC Plan and the Technical Specifications.  Where requirements for material properties, 

testing frequencies, or properties vary between manufacturers’ published properties and MQA/MQC requirements 

and the Technical Specifications, the more stringent requirement will be used.   

MQA/MQC procedures will include the use of continuous hole detection during geomembrane manufacture along 

with a schedule/procedure for collection of raw material samples for testing that meets or exceeds the 

requirements provided in the Technical Specifications.  The MQA/MQC Plan must address procedures for 

corrective action, including identification/removal of product that does not meet specifications and that the 

percentage of rework material used in production meets the Technical Specifications.   

MQC procedures utilized by the manufacturers include collection of random samples from samples of 

geomembrane raw materials (resin) and finished product during production to document material properties.  The 

minimum required sampling procedures and frequencies are provided in the Technical Specifications.  The 

Geosynthetics Contractor will be required to provide the Operator and Project Manager with certified copies of the 

manufacturer’s quality control test results.  No material will be installed prior to furnishing the required test results.   
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6.2.1 Conformance Testing 

Conformance testing of manufactured geomembrane will be performed as provided in the Technical 

Specifications.  The purpose of the conformance testing program will be to provide an independent evaluation of 

the MQC data obtained from the manufacturer.  The use of an independent geosynthetics laboratory to collect 

samples directly from the manufactured rolls will be the preferred approach for collection of conformance 

samples.  In-plant sampling will be the preferred approach to provide a mechanism for checking conformance with 

the material properties prior to delivery to the site.  The independent party sampling personnel will be provided the 

list of manufacturing rolls and will select geomembrane rolls to be sampled.  Samples will be collected at a 

frequency as specified in the current version of Geosynthetic Research Institute specification GRI-GM-13.  Of the 

selected samples, two samples per lot will be selected for conformance testing purposes.    

Sampling procedures, frequencies, and analyses are provided in the Technical Specifications.  The CQA 

Manager will examine results from laboratory conformance testing.  No non-conforming material will be used in 

the work.   

The Owner/Operator and Project Manager may obtain additional random samples from each lot of the 

geomembrane sheets delivered to the site for further confirmatory testing at the discretion of the Owner/Operator.  

This testing may include fingerprinting techniques such as differential scanning calorimetry (DSC) or 

thermogravimetric analysis to quantify the composition of the base resin, and need not be limited to the testing 

required by the manufacturer.  Samples for fingerprinting of the material will be archived at room temperature and 

in a light free environment. 

Samples of geomembrane will also be obtained for additional testing required by the design documents, including 

interface shear testing, evaluation of geocushions, and transmissivity (as part of the overall transmissivity test 

configuration for geocomposite drainage layers).  These tests will be performed as part of the material evaluation.     

6.3 MATERIAL TRANSPORT/STORAGE 

Material transport and on-site storage requirements are provided in the Technical Specifications.  In general, 

these requirements are: the geomembrane material will be protected against damage during transportation to the 

site, during storage at the site, and during and after placement of subsequent construction materials.  Only non-

damaged geomembrane will be included within the construction.  Any damaged material, as determined by the 

Geosynthetic Construction Observer, will be replaced. 

6.4 FIELD INSTALLATION 

Prior to delivery of the geomembrane to the site, the Geosynthetics Contractor must provide the Engineer a panel 

diagram indicating the proposed geomembrane panel layout for his approval.  This diagram should be in sufficient 

detail to provide an accurate representation of the field seaming that will be performed.  Any revision to the panel 

diagram must be approved by the Engineer prior to further installation operations. 

Based on the approved geomembrane panel installation diagrams and material certifications, the individual 

sheets will be numbered and seams will be identified by using the numbers of the sheets which create the seam.  

The proposed layout of panels will be set and approved, for efficiency of material use, minimization of welds and 

proper placement of welds.  Welds should be placed where normally applied stresses will be minimal.  The prime 

considerations in seaming will be to minimize the number of seams.  Overlaps for field seams will be shingled in a 

downslope direction.  The geomembrane sheets will be installed as per manufacturer’s recommendations. 

The Geosynthetics Contractor must inform the Project Manager of his planned construction activities at the 

commencement of each work day.  The Project Manager will then notify the CQA Manager of the same. 
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For the geomembrane components of the baseliner system, the Geosynthetics Contractor and Geosynthetic 

Construction Observer will approve the subbase before the installation.  Geomembrane will not be placed on an 

unsuitable subgrade surface.  The Geosynthetics Contractor will be required to sign a subgrade surface 

acceptance form indicating acceptance of the subgrade surface for installation of each panel or series of panels 

placed on a daily basis.   

The following conditions will be required for the prepared subgrade surface: 

• No stones or sharp objects shall be present on the surface to be lined. 

• The subgrade surfaces will have a smooth, finished surface.  The surface should not be pebbly or tracked 

and rutted by equipment and shall be free from pockets, holes, and discontinuities which will cause 

bridging which would, in the judgment of the Geosynthetic Construction Observer, overstress the liner. 

• Surface moisture shall not be excessively wet or dry or in any condition which will impede proper 

installation.  The geomembrane will not be placed over standing water on the subgrade. 

The Geosynthetics Contractor will be required to use whatever methods deemed necessary to prevent water or 

wind from getting under the partially installed geomembrane.  This could include, but not be limited to, installing 

temporary dikes and sand bags along the exposed edges.  Trenches or ditches, which reduce the thickness of the 

soil liner, will not be permitted. 

Prior to placement of the low-permeability backfill over the liner termination run-out (“anchor trench”), the 

Geosynthetics Contractor is required to secure the deployed geosynthetic material, so that it does not creep down 

the slope subsequent to initial placement, by using sand bags, parking blocks, or other suitable methods 

approved by the Project Manager.  The primary geomembrane panels at the liner termination at the top of the 

berm will be extrusion welded to the secondary panel along the anchor run-out no closer than 5 feet from the 

crest of slope.   

For the geomembrane components of the landfill, the method of bonding sheets of HDPE will be of one of the 

following types: 

• Double Hot Wedge - A seam produced by melting the two interface surfaces by running a hot metal 

wedge between the surfaces followed immediately by pressure to form a homogeneous bond.  All areas 

which are to become seam interfaces are to be free of dust, dirt, and excess moisture. 

• Extrusion Weld - A seam produced by extruding molten parent resin between or at the edge of two 

overlapped panels.  A bonded seam is completed when extruded hot resins melt adjacent sheet resins to 

form a homogeneous weld.  All areas which are to become seam interfaces are to be free of dust, dirt, 

and excess moisture. 

The predominant method of seaming will be the Double Hot Wedge.  This method is to be used for panel seams, 

and cap strips longer than twenty feet in length, unless the Geosynthetics Contractor can demonstrate that the 

use of an extrusion welded cap strip would provide for an overall reduction in total length of seam and number of 

required repairs/patches on the geomembrane.  Extrusion Welding will be used for patches, and cap strips 

smaller than twenty feet in length. 

The Project Engineer reserves the right to review and approve the proposed method for field seaming the sheets 

of geomembrane.  The Geosynthetics Contractor must provide the necessary information with respect to 

proposed seaming method(s) to permit the Project Engineer to evaluate the intended technique.  No deviation 

from the approved seaming method will be permitted. 

6.4.1 Quality Assurance/Control During Construction 

The technical specifications section(s) provide a detailed discussion regarding the requirements for construction 

quality assurance/control procedures.  The following narrative provides an overview of the framework of the 

overall CQA/CQC procedures employed during the installation of geomembrane.   
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The Geosynthetics Contractor will be required to conduct both destructive and non-destructive testing during the 

geomembrane installation as part of the quality control program.  The Geosynthetic Construction Observers will 

be required to observe and document destructive and non-destructive testing performed by the Geosynthetics 

Contractor as part of the quality assurance program.  The Technical Specifications provide the requirements for 

non-destructive and destructive testing, including testing methods, parameters, and frequencies.  As previously 

stated, geomembrane seams, including repairs, cap strips, and pipe penetrations will be non-destructively tested.   

The Geosynthetic Construction Observer and Geosynthetics Contractor will visually inspect material to be 

included in the work for transport damage and uniformity and compare roll identification numbers with those on 

the certification provided by the manufacturer to check delivery of the appropriate material.  The Geosynthetic 

Construction Observer and Geosynthetics Contractor will also visually inspect the material for damage incurred as 

a result of on-site storage.  Geosynthetics Construction Observers must be present during welding operations.      

Trial seams will be performed at the start and midpoint of each work day and at other pre-determined intervals, as 

provided in the Technical Specifications.  Trial seams are considered a critical component in the overall 

CQA/CQC process and must be performed in a manner that mirrors the actual field seaming conditions (e.g., liner 

types, temperature, welding parameters).  Specific requirements for trial seams, including additional detail 

regarding frequencies, procedures, and testing requirements is provided in the Technical Specifications.  The trial 

seam log will include notations regarding trial seam failures and necessary corrective measures made to the 

welding layout (e.g., change in machine operating parameters) made prior to completion of another trial weld.  If a 

machine cannot pass a trial weld, or has resulted in poor seaming quality, the Geosynthetics Contractor must 

remove it from service and provide necessary repairs.    

Geosynthetics Construction Observers will inspect seams and direct the Geosynthetics Contractor to collect field 

cutouts of installed geomembrane seams in accordance with the frequencies provided in the Technical 

Specifications.  The Geosynthetic Construction Observer will be responsible for determining the location of 

destructive samples and reserves the right to collect additional destructive test samples based on field 

observations of the quality or conditions of welding.   

Destructive seam samples will initially be tested in the field for shear and peel strength.  If destructive samples 

pass in the field, then destructive samples will be submitted to the CQA Geosynthetics Laboratory for peel and 

shear testing.  The Geosynthetics Contractor may submit samples to the CQC Geosynthetics Laboratory for 

destructive seam testing.  Regardless of the Contractor’s decision to submit samples to their CQC Laboratory, 

destructive samples will still be submitted to the CQA Laboratory.  Laboratory results will be submitted directly to 

the CQA Manager, Project Manager, and Project Engineer.  For the seam to be approved, all ten samples (5 for 

shear, 5 for peel) from the Geosynthetics Contractor’s lab (CQC Laboratory), if applicable, and all ten samples 

from the CQA Laboratory must pass. 

Inadequate seams or portions thereof will be corrected in accordance with the Technical Specifications.  If an 

extrusion weld or a wedge weld fails non-destructive testing, the affected area will be determined, then a cap strip 

will be installed, or the Owner/Operator and the Project Manager may opt to cut-out the defective seam, and 

wedge weld the new edges.  Other methods of correction will be approved by the CQA Manager prior to initiating 

repairs.  If a destructive seam sample fails, the welding path is tracked in accordance with procedures provided in 

the Technical Specifications.  The failed seam must be reconstructed between the passing sample locations.  The 

seam will be reconstructed either by additional extrusion welding or cap strip as approved by the CQA Manager.   

No geomembrane will be covered until such time as the Project Manager and CQA Manager have reviewed the 

test results required by this Plan.  This approval will require a completeness and accuracy review of the following 

information: 

• Subgrade acceptance forms; 

• Daily log of test strip seam results;  

• Laboratory test results; 
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• Non-destructive test results; and 

• Record Drawings of the completed area. 

Should differences of opinion between the Geosynthetics Contractor and the Geosynthetic Construction Observer 

develop during the installation relevant to seam integrity, the Geosynthetic Construction Observer may, at his 

discretion, obtain samples of the seams in dispute for field and/or laboratory testing.  The Geosynthetics 

Contractor will be responsible for patching the resulting void in accordance with the Technical Specifications. 

In addition to the non-destructive and destructive testing procedures employed to assess the overall integrity of 

the finished geomembrane product, welds will be observed for traces of deformation to the liner panels.  Welds 

which, in the opinion of the Geosynthetic Construction Observer, have caused excessive deformation or show 

visual signs of overheating of the liner panels, will be repaired regardless of the result of destructive testing on the 

seam.  The deficient seam will be cut out the liner panels again overlapped and welded, or the seam overcapped.  

A liner panel that, in the judgment of the Geosynthetic Construction Observer and agreed to by the 

Owner/Operator, has excessive damage or patches, will be removed and replaced with new liner. 

6.4.2 Post-Construction Quality Assurance/Control 

For primary and secondary geomembrane used on the bottom slope of landfill liner systems, an electrical leak 

detection survey will be performed following placement of overlying soil drainage media in order to identify 

significant construction-related damage. The electrical leak detection survey is performed to identify 

geomembrane defects associated with installation of the geosynthetics as well as the leachate system. The 

primary purpose of the electrical leak detection survey is to identify construction-related defects. However, the 

sensitivity of the method employed in general allows for the detection of much smaller defects generally 

associated with installation damage or defects (e.g., knife slits, poor seams). Leak detection surveys will be 

performed by a qualified leak detection survey firm in accordance with the requirements provided in Section 2589, 

Leak Detection Survey. 

6.4.3 Documentation 

6.4.3.1 CQC Documentation 

The Geosynthetics Contractor will be required to provide information to the Owner/Operator and the CQA 

Manager throughout the course of work and at the conclusion of work, as provided in the Technical 

Specifications.  Submittals will include the following: 

• Identification of geomembrane liner system, including type of resin, sheet, source, and thickness; 

• Manufacturing quality assurance/quality control data and manufacturer’s certifications for geomembrane 

rolls delivered to the site; 

• Resin manufacturer’s certificate, including MQA/MQC data; 

• Field tensiometer calibration certificates; 

• Construction progress reports; 

• Trial seam test results; 

• Summary and log of field quality control work performed by the Geosynthetics Contractor, including: 

o Non-destructive testing; 

o Destructive testing (as applicable); 

• Certification statement signed by the Supervisor indicating installation is complete and in accordance with 

the Specifications; and 

• Identification of types of procedures (e.g., grip separation. and crosshead speed) used in field and 

laboratory destructive tests.   

• Statement of installation warranties.  The Geosynthetics Contractor will provide a warranty on installed 

geomembrane, including repairs, for one year. 
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6.4.3.2 CQA Documentation 

The Geosynthetics Construction Observers, as part of their daily inspection activities, will prepare documentation 

regarding geomembrane installation and associated CQC/CQA work.  Documentation maintained by the CQA 

Construction Observers will be submitted to the CQA Manager for review.   

Documentation of CQA work will include the following CQA forms, to be completed on a daily basis, as applicable.   

• Subgrade Acceptance Forms; 

• Daily trial seam sample logs; 

• Daily Panel Layout Report; 

• Daily Repair Report; 

• Vacuum Test Repair Log; 

• Seam Non-Destructive Test Log; 

• Destructive Specimen Test Log; 

• Daily Panel Placement and Seaming Report; 

• Fusion Weld Repair Report;  

• Daily Field Notes; and 

• Corrective Measures Log. 

The CQA Manager will review the CQA Forms, Geosynthetics Contractor submittals, and laboratory data for 

compliance with project requirements.  In reviewing CQA data, the CQA Manager’s responsibilities will include the 

following: 

Review of completed CQA Forms and laboratory data for completeness and conformance with project 

specifications;  

• Review of constructed panel layout diagrams to confirm that:  

o Seams have been non-destructively tested; 

o Destructive tests have been performed at the required minimum frequencies; and 

o Geomembrane repairs are accurately depicted. 

• Where failures in destructive or non-destructive tests are noted, review of associated repair logs to 

document the failure has been repaired in accordance with the Technical Specifications.   

6.4.3.3 Record Drawings 

Field survey personnel will prepare record drawings identifying the actual panel layout of the geomembrane.  

Record geomembrane drawings will include the following: 

• Panel locations and numbers; 

• Repair locations/identifiers; and 

• Patches. 
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7.0 GEOSYNTHETIC DRAINAGE COMPOSITE  

This section pertains to installation of geosynthetic drainage composite layers to provide transmission of liquid 

(precipitation, leachate, groundwater/porewater), or landfill gas through the landfill liner or final cover system.  At a 

minimum, geocomposite drainage materials (GCDs) will be used in the leachate collection system and landfill final 

cover system (gas venting and drainage layer).  In addition, GCDs may also be utilized as part of the primary 

leachate collection system and within operational leachate recirculation and/or gas collection systems.  

Geocomposite drainage layers consist of a HDPE geonet with a geotextile heat bonded to both sides of the 

geonet.   

The function of the GCD will vary based upon its intended design use.  Key properties of the GCDs include 

liquid/gas transmissivity, interface shear strength, creep and chemical resistance, and soil retention/filtration.  The 

geonet portion of the GCD provides the transmissive capacity, while the geotextiles provide soil retention/filtration 

as well as a stronger interface with adjacent soil/geosynthetics interfaces.  The required performance properties 

(e.g., transmissivity, required interface shear strength, AOS) will be specified in the Engineering Drawings, while 

the Technical Specifications provide other specific material properties (e.g., geotextile weight, thickness, peel 

separation, etc.).  Additional Interface test requirements are included in the technical specifications.  

7.1 MATERIALS 

Material properties, including those for the raw materials, manufactured geotextiles and geonets are provided in 

Section 02599.  Finished GCD properties, including transmissivity (tested at 100 hours), interface shear strength, 

and required soil retention properties (based on the size of the geotextile) are provided in the Engineering 

Drawings and supporting design documents.  Additional Interface test requirements are included in technical 

specifications. 

The Geosynthetics Contractor will be required to furnish a specification sheet from the company manufacturing 

the geosynthetic drainage layer attesting that the geosynthetic drainage layer meets the chemical, physical, and 

manufacturing requirements as specified in the Technical Specifications and Engineering Drawings.  In cases 

where required properties exceed those provided in the Technical Specifications, then a specific note will be 

provided in the Engineering Drawings.   

Prior to the delivery of the GCD material to the site, the Geosynthetics Contractor will be required to provide the 

Project Manager with a written certification that the product to be delivered has been extruded from the approved 

resin.  No material will be permitted to be stored on site until this certification has been delivered to the Project 

Manager. 

7.2 QUALITY CONTROL DURING MANUFACTURE  

Manufacturing quality assurance/quality control procedures will be employed by the geocomposite supplier.  A 

copy of the Manufacturing Quality Assurance/ Manufacturing Quality Control (MQA/MQC) Plan will be submitted 

to the Project Manager for review prior to approval of a specific manufacturer.  MQA/MQC procedures utilized 

must meet the minimum requirements provided in the manufacturer’s MQA/MQC Plan and the Technical 

Specifications.  Where requirements for material properties, testing frequencies, or properties vary between 

manufacturer’s published properties and MQA/MQC requirements and the Technical Specifications, the more 

stringent requirement will be used (e.g., sampling frequency and/or property).   

MQA/MQC procedures will include a description of raw material MQA testing performed on fibers and HDPE resin 

used in the manufacture of geotextile and drainage net, respectively.  The MQA/MQC Plan must address 

procedures for corrective action, including identification/removal of product that does not meet specifications.   
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MQC procedures utilized by the manufacturers include collection of random samples from samples of raw 

materials and finished product during production to document material properties.  Since a geotextile is used in 

the manufacture of the geocomposite, MQA/MQC testing will include testing of raw material fibers as well as 

finished geotextile prior to incorporation into the geocomposite manufacturing process.  The minimum required 

sampling procedures and frequencies are provided in the Technical Specifications.  The Geosynthetics Contractor 

will be required to provide the Owner/Operator and Project Manager with certified copies of the manufacturer’s 

quality assurance/control test results.  No material will be installed prior to furnishing the required test results.   

7.3 CONFORMANCE TESTING 

Conformance testing of geocomposite will be performed as provided in the Technical Specifications.  The purpose 

of the conformance testing program will be to provide an independent evaluation of the MQC data obtained from 

the manufacturer.  The use of an independent geosynthetics laboratory to collect samples at the manufacturing 

facility from the manufactured rolls will be the preferred approach for collection of conformance samples.  The 

independent party sampling personnel will be provided the list of manufacturing rolls and will select geocomposite 

rolls to be sampled.  

Sampling procedures, frequencies, and analyses are provided in the Technical Specifications.  The CQA 

Manager will examine results from laboratory conformance testing.  No non-conforming material will be used in 

the work.   

The Owner/Operator and Project Manager may obtain additional random samples from each lot of the 

geocomposite delivered to the site for further confirmatory testing at the discretion of the Owner/Operator.  This 

testing need not be limited to the testing required by the manufacturer.  Samples for fingerprinting of the material 

will be archived at room temperature and in a light free environment. 

Samples of geocomposite will also be obtained for additional testing required by the design documents, including 

interface shear testing, evaluation as a geocushion, and transmissivity (along with other liner/final cover 

components.  These tests will be performed as part of the material evaluation/selection.     

7.4 DELIVERY/TRANSPORT/STORAGE 

The Geosynthetics Contractor, Project Manager and CQA Manager must have the manufacturer’s quality control 

data as well as conformance data and reviewed it, prior to site delivery.  During periods of shipment and storage, 

the geosynthetic drainage layer will be protected from direct sunlight, ultraviolet rays, temperatures greater than 

120°F, mud, dirt, dust, debris and other deleterious materials.  The geosynthetic drainage layer will be maintained 

in a clean condition.  Delivery/transport requirements, including submittals and labeling are provided in 

Section 02599.   

7.5 INSTALLATION 

Installation will not begin until a proper surface has been prepared.  The surface will be free from loose soil, sharp 

objects, sticks, roots or other foreign material.  The surface to be covered by the geosynthetic drainage layer will 

be free from ruts and standing water and be in a clean and smooth condition to the satisfaction of the 

Geosynthetic Construction Observer. 

The geosynthetic drainage layer will be installed to the lines and grades shown on the drawings in accordance 

with the requirements provided in Section 02599.  These requirements include procedures for seaming, repairs, 

anchoring, and covering.   
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Cover materials will be placed over the geocomposite in such a manner so that: 

• Soil and other materials do not accumulate in the geonet portion of the geocomposite drainage layer; 

• The geosynthetic drainage layer and underlying lining materials are not damaged; 

• Minimal slippage of the geosynthetic drainage layer on underlying layers; and 

• No excess tensile stresses develop in the geosynthetic drainage layer. 
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8.0 GEOSYNTHETIC CLAY LINER 

This section pertains to installation of geosynthetic clay liner (GCL) to serve as the primary soil liner component of 

the primary composite liner as well as the low-permeability soil component in final cover systems.  GCL will be 

used in each landfill area above the secondary leachate collection media, and immediately below the primary 

geomembrane.  GCLs will be used in final cover systems on areas with slopes less than 25% immediately above 

the landfill gas venting layer and below the geomembrane.  GCLs consist of a thin layer of sodium bentonite 

sandwiched between two geotextiles.  Structural integrity is provided through bonding of the geotextiles together 

through needle punching, stitching, or other bonding process.   

8.1 MATERIAL PROPERTIES 

Required material properties, including those for the raw materials (bentonite and geotextiles) and finished GCL 

(permeability) are provided in Section 02278.  Required GCL interface shear strength properties, including 

internal and interface shear strength, and permeability are provided in the Engineering Drawings and supporting 

design documents.  Additional Interface test requirements are included in the technical specifications. 

Prior to use on-site, the Geosynthetics Contractor will be required to furnish a specification sheet from the 

company manufacturing the GCL attesting that it meets the chemical, physical, and manufacturing requirements 

as specified in the Technical Specifications and Engineering Drawings.  GCLs used in this project, regardless of 

intended function, will be required to exhibit a minimum permeability of 5x10-9 cm/s.   

GCLs will be manufactured with a layer of sodium bentonite sandwiched between two layers of non-woven 

geotextile that are needle punched together, serving to increase the shear strength of the manufactured GCL well 

above what would normally be observed with bentonite only.   

8.2 QUALITY CONTROL DURING MANUFACTURE 

Manufacturing quality assurance/quality control procedures will be employed by the GCL manufacturer.  A copy of 

the Manufacturing Quality Assurance/ Manufacturing Quality Control (MQA/MQC) Plan will be submitted to the 

Project Manager for review prior to approval of a specific manufacturer/material.  MQA/MQC procedures utilized 

must meet the minimum requirements provided in the manufacturer’s MQA/MQC Plan and the Technical 

Specifications.  Where requirements for material properties, testing frequencies, or properties vary between 

manufacturer’s published properties and MQA/MQC requirements and the Technical Specifications, the more 

stringent requirement will be used (e.g., sampling frequency and/or property).   

MQA/MQC procedures will include a description of raw material MQA testing performed on fibers used in the 

manufacture of the geotextile, the finished geotextile layers, the sodium bentonite, and the finished GCL.  The 

MQA/MQC Plan must address procedures for corrective action.  A key component of any GCL MQA/MQC Plan 

must include a detailed description of the needle detection and removal processes employed by the 

manufacturer, including a system for regularly scheduled inspections and maintenance of this system as part of 

the manufacturer’s MQC processes.  In addition, the MQA/MQC Plan must include provisions for the 

identification/removal of product that does not meet specifications.   

MQC procedures utilized by the manufacturers include collection of random samples from samples of raw 

materials and finished product during production to document material properties.  The minimum required 

sampling procedures and frequencies are provided in the Technical Specifications.  The Geosynthetics Contractor 

will be required to provide the Owner/Operator and Project Manager with certified copies of the manufacturer’s 

quality assurance/control test results.  No material will be installed prior to furnishing the required test results.   
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8.3 CONFORMANCE TESTING 

Conformance testing of GCL will be performed as provided in the Technical Specifications.  The purpose of the 

conformance testing program will be to provide an independent evaluation of the MQC data obtained from the 

manufacturer.  The use of in-plant sampling by representatives of an independent geosynthetics laboratory to 

collect, ship, and analyze samples directly from the manufactured rolls will be the preferred approach for 

collection of conformance samples.  The independent party sampling personnel will be provided the list of 

manufacturing rolls and will select GCL rolls to be sampled.  Sampling procedures, frequencies, and analyses are 

provided in the Technical Specifications.  Samples will be collected at a frequency as specified in the current 

version of Geosynthetic Research Institute specification GRI-GCL3.  Samples collected for conformance testing 

will also be retained and shipped to the Owner/Operator for archiving.  The CQA Manager will examine all results 

from laboratory conformance testing.   

The Owner/Operator and Project Manager may obtain additional random samples from each lot of the GCL 

delivered to the site for further confirmatory testing at the discretion of the Owner/Operator.  This testing need not 

be limited to the testing required by the manufacturer.  Samples for fingerprinting of the material will be archived 

at room temperature and in a light free environment. 

Samples of GCL will also be obtained for additional testing required by the design documents, including interface 

shear testing and transmissivity (along with other liner/final cover components.  In general, these samples will be 

collected as part of the overall material evaluation process and as such, will generally be collected prior to 

manufacture of the actual rolls used on site.  As such, samples collected for material evaluation do not need to be 

collected from the specific lot of manufactured product used at the site.   

8.4 DELIVERY/TRANSPORT/STORAGE 

The Geosynthetics Contractor, Project Manager and CQA Manager must have the manufacturer’s quality control 

data as well as conformance data and reviewed it, prior to site delivery.  During periods of shipment and storage, 

the GCL will be protected from direct sunlight, ultraviolet rays, temperatures greater than 120°F, water, mud, dirt, 

dust, debris and other deleterious materials.  The GCL will be maintained in a dry, clean condition.  

Delivery/transport requirements, including submittals and labeling are provided in Section 02278.   

8.5 INSTALLATION 

Installation will not begin until a proper surface has been prepared.  The surface will be free from loose soil, sharp 

objects, sticks, roots or other foreign material.  The surface to be covered by the GCL will be free from ruts and 

standing water and be in a clean and smooth condition to the satisfaction of the Geosynthetic Construction 

Observer. 

The geosynthetic drainage layer will be installed to the lines and grades shown on the drawings in accordance 

with the requirements of the specifications. 

Procedures for installation, including the required overlaps are provided in the Technical Specifications.  GCL 

seams consist of installing the GCL in a manner that provides a minimum overlap.  Dry, powdered Bentonite is to 

be placed to provide a seal between seams.  Alternative seaming methods, specifically, those provided by the 

manufacturer that utilizes cuts in geotextiles to allow a limited portion of extruded bentonite to contact the 

underlying GCL must be reviewed and approved by the Project Engineer.  Required overlaps for GCLs are 

provided in Section 02278.   

Upon deployment and prior to placement of overlying geomembrane, GCL panels shall be inspected by the 

Geosynthetics Construction Observer for the presence of needles with a metal detector.  The procedure used for 

needle detection must be reviewed and approved by the Project Engineer. 
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Two layers of GCL will be placed below leachate collection sumps, leachate conveyance pipes and other flow 

concentration areas.    

Holes or tears in the GCL, including those resulting from removal of needles, will be repaired by placing patching 

in the GCL in accordance with procedures provided in Section 02278.  The use of equipment on deployed GCL 

panels must be approved by the Engineer, and will require a demonstration by the Geosynthetics Contractor 

regarding the proposed equipment and procedures.  Equipment will be limited to wheeled vehicles that utilize low 

ground-pressure tires.   

Geomembranes installed over GCLs will be placed in such a manner so that: 

• The GCL is not damaged. 

• The GCL is protected from hydration by covering with a geomembrane the same day that GCL is 

deployed.   

• Minimal slippage of the GCL occurs.  This may require the use of a skid sheet between the GCL and 

overlying geomembrane during deployment.  If a slip sheet is not to be used, the Geosynthetics 

Contractor must demonstrate to the Engineer that the proposed deployment procedure will not result in 

displacement or slippage of the GCL.   

• No excess tensile stresses develop in the GCL.  Once covered by geomembranes, GCLs should be 

loaded with a minimum of 12 inches of soil as soon as practicable.  
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9.0 GEOTEXTILES 

The geotextile component of the secondary and primary leachate collection systems will primarily function as a 

geocushion for overlying granular drainage media.  For the secondary leachate collection system, geotextiles will 

primarily be used below and above stone used for pipe bedding.  For the primary leachate collection system, 

geotextiles will be placed below the primary leachate collection media as well as below stone used for pipe 

bedding.  Geotextiles are also used to provide soil retention and filtration on the landfill final cover system.  

Geotextiles used in the liner and final cover system are subject to the following requirements. 

9.1 MATERIAL PROPERTIES 

Required material properties are provided in Section 02595, Geotextiles, as well as the Engineering Drawings and 

supporting design documents.  The Engineering Drawings specify the type of geotextile that will have a certain 

minimum weight.  Unless otherwise specified, geotextiles will be comprised of chemically resistant polypropylene 

loose fibers that have been bonded through a needle punching process.    

The Geosynthetics Contractor will be required to furnish a specification sheet from the company manufacturing 

the geotextile attesting that the material meets the chemical, physical, and manufacturing requirements as 

specified in the Technical Specifications and Engineering Drawings.  During periods of shipment and storage, the 

geotextile will be protected from direct sunlight, ultraviolet rays, temperatures greater than 120°F, mud, dirt, dust, 

debris and other deleterious materials.  The geotextile will be maintained in a dry condition and be wrapped in a 

heavy-duty protective covering until it is installed.  Geotextile materials will not be permitted to remain exposed 

directly to sunlight for more than 15 days after installation unless a written statement from the manufacturer states 

that a longer exposure period is acceptable.  In no case will geotextiles remain exposed longer than 30 days 

without the need for replacement or removal. 

9.2 QUALITY CONTROL DURING MANUFACTURE 

Manufacturing quality assurance/quality control procedures will be employed by the geotextile manufacturer.  A 

copy of the Manufacturing Quality Assurance/ Manufacturing Quality Control (MQA/MQC) Plan will be submitted 

to the Project Manager for review prior to approval of a specific manufacturer/material.  MQA/MQC procedures 

utilized must meet the minimum requirements provided in the manufacturer’s MQA/MQC Plan and the Technical 

Specifications.  Where requirements for material properties, testing frequencies, or properties vary between 

manufacturer’s published properties and MQA/MQC requirements and the Technical Specifications, the more 

stringent requirement will be used (e.g., sampling frequency and/or property).   

Required MQA/MQC procedures will include a description of raw material MQA testing performed on fibers used 

in the manufacture of the geotextile as well as the finished geotextile.  The MQA/MQC Plan must address 

procedures for corrective action.  A key component of a MQA/MQC Plan must include a detailed description of the 

needle detection and removal processes employed by the manufacturer, including a system for regularly 

scheduled inspections and maintenance.  In addition, the MQA/MQC Plan must include provisions for the 

identification/removal of product that does not meet specifications.   

MQC procedures utilized by the manufacturers include collection of random samples from samples of raw 

materials and finished product during production to document material properties.  The minimum required 

sampling procedures and frequencies are provided in the Technical Specifications.  The Geosynthetics Contractor 

will be required to provide the Owner/Operator and Project Manager with certified copies of the manufacturer’s 

quality assurance/control test results.  No material will be installed prior to furnishing the required test results.   
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9.3 CONFORMANCE TESTING 

Conformance testing of geotextiles will be performed as provided in the Technical Specifications.  The purpose of 

the conformance testing program will be to provide an independent evaluation of the MQC data obtained from the 

manufacturer.  The use of in-plant sampling by representatives of an independent geosynthetics laboratory to 

collect, ship, and analyze samples directly from the manufactured rolls will be the preferred approach for 

collection of conformance samples.  The independent party sampling personnel will be provided the list of 

manufactured rolls and will select geotextile rolls to be sampled.  Sampling procedures, frequencies, and 

analyses are provided in the Technical Specifications.  Samples collected for conformance testing will also be 

retained and shipped to the Owner/Operator for archiving.  The CQA Manager will examine results from 

laboratory conformance testing.   

Samples of geotextile will also be obtained for additional testing required by the design documents, including 

interface shear testing and evaluation as a geocushion.  Samples collected for material evaluation will generally 

be from a specific material type and will not necessarily be collected from the specific lot of manufactured product.   

9.4 DELIVERY/TRANSPORT/STORAGE 

The Geosynthetics Contractor, Project Manager and CQA Manager must have the manufacturer’s quality control 

data as well as conformance data and reviewed it, prior to site delivery.  During periods of shipment and storage, 

the geosynthetic drainage layer will be protected from direct sunlight, ultraviolet rays, temperatures greater than 

120°F, mud, dirt, dust, debris and other deleterious materials.  The geosynthetic drainage layer will be maintained 

in a clean condition.  Delivery/transport requirements, including submittals and labeling are provided in 

Section 02595. 

9.5 CONSTRUCTION/INSTALLATION 

Section 02595 provides installation and protection requirements for geotextiles used in landfill construction.  In 

general, these requirements are that the surface to be covered will be cleared of sharp objects, boulders, sticks, 

or any materials that may contribute to punctures, shearing, rupturing or tearing of the geosynthetic materials.  

The subgrade or surface of embankments will be graded as smooth as possible.  The subgrade will be inspected 

for unstable areas or soft spots before the geotextile is placed and additional surface preparation will be required 

to eliminate unstable areas as determined by the Geosynthetic Construction Observer.  Geotextile will be laid 

smooth and free of tension, stress, folds, wrinkles, or creases.  Adjacent geotextile panels will be seamed by 

sewing.  Use of alternative seaming methods, such as leistering or overlapping may be approved by the Engineer 

on a case-by-case basis, as provided in Section 02595.   

Geomembranes to be covered by geotextiles will be inspected for the presence of wrinkles that require repair 

prior to covering (e.g., those wrinkles that could not be walked out through a combination of specific filling 

progression and/or placement during the cooler time of day).   

During back dumping and spreading of soil over the geotextile, a minimum depth of 12 inches of soil will be 

maintained over the geotextile between the geotextile and wheels, tracks or buckets of heavy equipment or 

trucks.  No portion of any heavy equipment or trucks will be in direct contact with the geotextile. 

Requirements for geotextile repairs are provided in Section 02595.  In general, repair procedures shall include 

sewing, leistering (as approved by the Engineer), and replacement of portions of the roll.   

Soil will be spread in the direction of geotextile overlap, except on slopes greater than 15 percent, at which time 

soil will be placed from the bottom of slope to the top. 

The work will be scheduled so that the covering of the geotextile with a layer of the cover material is 

accomplished within the time frames recommended by the geotextile manufacturer, or 30 days, whichever is less.  
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Failure to comply with this requirement will require replacement or recovering (e.g., in the case of geotextile 

bonded to a net) of the geotextile.  The Engineer will review appropriate measures for material replacement (e.g., 

covering vs. removal/replacement).   
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10.0 PIPING SYSTEMS 

Piping and piping systems will be installed to the lines and grades specified on the Engineering Drawings.  The 

piping and/or piping systems will be installed or subcontracted by the Earthwork Contractor. 

10.1 POREWATER AND LEACHATE COLLECTION PIPING 

10.1.1 Materials 

10.1.1.1 Porewater Drainage Piping 

Lateral pipes and main collection headers for the porewater drain system will be constructed of schedule rated 

PVC pipe, as shown on the engineering drawings. Dimension ratio pipe meeting pipe loading requirements may 

be substituted for schedule rated pipe where shown on the drawings and approved by the Project Engineer. No 

substitutions may be made without pre-approval from the Engineer. 

10.1.1.2 Leachate Collection Piping 

Primary and secondary leachate collection system piping will be constructed of schedule rated PVC pipe, as 

shown on the engineering drawings.  Dimension ratio pipe meeting pipe loading requirements may be substituted 

for schedule rated pipe where shown on the drawings and approved by the Engineer.  No substitutions may be 

made without pre-approval from the Engineer.  

Prior to shipment to the site, the Earthwork Contractor will provide the Project Manager the Manufacturer’s 

Certification that the PVC pipe supplied meets the requirements for PVC pipe as outlined in Section 02650 of the 

technical specifications.  The Project Manager will submit a copy of the certification to the CQA Manager upon its 

receipt.  Pipe perforations will be installed at the spacing, diameters, and orientation as specified in the 

Engineering Report and as shown on the Engineering Drawings.   

10.1.2 Material Transport and Storage 

The transportation and on-site handling of the pipe are the responsibility of the Earthworks Contractor. The 

transporter of the pipe will take care not to damage the pipe during transportation.  Ropes, fabric, or rubber-

protected slings and straps will be required to be used when handling the pipes.  Chains, cables, or hooks will not 

be inserted into the pipe end.  The pipe or pipe fittings will not be dropped. 

Shipments will be inspected upon arrival.  The Earthwork Contractor will be responsible for verification that 

materials listed on the packing list have been received.  A visual inspection will be performed by the Earthwork 

Contractor and the Geotechnical Construction Observer to identify apparent damage to the pipe during shipment.  

The Geotechnical Construction Observer will verify and document that the proper pipe is being used by recording 

the pipe designations marked on the pipe and by spot measuring the pipe ID and OD during installation. 

During on-site storage, the pipe will be left in its original packaging.  Care will be taken during unloading as not to 

drop, drag, or damage the pipe in any manner.  The pipe will be stored on a clean and level prepared surface.  

The pipe will be set on wooden sleepers and will not be stacked more than four feet high.  While stored on-site 

the pipe will be covered with an opaque material to protect it from the sun’s rays. 

10.1.3 Installation 

Pipe connections will be made in accordance with the manufacturer’s recommendations and be approved by the 

Design Engineer.  Care will be taken while connecting the pipes to prevent damage to the pipes and the underling 
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geosynthetics.  Piping will be installed with the slotted side down.  The Geotechnical Construction Observer will 

verify and document the following: 

• foreign objects are removed from the pipe interior prior to the pipe being placed in its final position; 

• no damaged pipe has been installed; 

• the pipe has been installed to the proper lines and grades as identified on the Engineering Drawings; and 

• The pipe is not damaged or moved during backfilling operations. 

10.1.4 Collection Sumps and Siderisers 

10.1.4.1 Porewater Drain System Sump Siderisers 

The porewater main collection header will gravity feed into a PVC sump, or approved equivalent. The locations 

are shown on the Engineering Drawings. Pipe sections will be butt-fusion welded at the installation location 

following the same procedures as described in Section 10.2.3.  The welds will be visually inspected for 

completeness and uniformity by the geosynthetic construction observer.  Mechanical components of the pumping 

system will be installed as specified in the Engineering Report and as shown on the Engineering Drawings. 

10.1.4.2 Secondary and Primary Leachate Collection Sump Siderisers 

The secondary and primary leachate collection sump siderisers will be fabricated from HDPE pipe.  Pipe Sections 

will be butt-fusion welded at the installation location following the same procedures as described in Section 2.3.  

The welds will be visually inspected for completeness and uniformity by the Geosynthetic Construction Observer.  

The length of the sections and angles are shown on the Engineering Drawings.  Both the horizontal sump section 

and the sideriser section will rest on a 6-inch layer of bedding stone. The connections to the secondary and 

primary leachate collection headers will be to the lines and grades shown on the Engineering Drawings.  Care will 

be taken during placement of the siderisers to prevent damage to the underlying geosynthetics and/or the 

siderisers.  Mechanical components of the pumping system will be installed as described in the Engineering 

Report and as shown on the Engineering Drawings. 

10.2 LEACHATE TRANSFER SYSTEM 

10.2.1 Materials 

The leachate transfer system from the landfills to the leachate transfer facility will be comprised of a double 

contained piping system.  The primary transfer pipe will be HDPE pipe inside the secondary containment pipe 

(HDPE). Prior to delivery to the site the Earthwork Contractor will provide the Project Manager the following 

information for approval: 

• a properties sheet including minimum values for properties tested during manufacturing for approval by 

the Engineer; 

• a certification that property values given in the properties sheets are minimum values and are guaranteed 

by the pipe Manufacturer; 

• a quality control certificate for each lot/batch of HDPE pipe provided.  The quality control certificate will be 

signed by the Production Manager or other responsible party and will include: 

o lot/batch numbers and identification; and 

o sampling procedures and results of quality control tests. 

10.2.2 Transportation and Storage 

The transportation and on-site handling of the pipe are the responsibility of the Earthwork Contractor.  The 

transporter of the pipe will take care not to damage the pipe during transportation.  Ropes, fabric, or rubber-
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protected slings and straps will be required to be used when handling the pipes.  Chains, cables, or hooks will not 

be inserted into the pipe end.  The pipe or pipe fittings will not be dropped. 

Shipments will be inspected upon arrival.  The Earthwork Contractor will be responsible for verification that 

materials listed on the packing list have been received.  A visual inspection will be performed by the Earthwork 

Contractor and the Geotechnical Construction Observer to identify apparent damage to the pipe during shipment.  

The Geotechnical Construction Observer will verify and document that the proper pipe has been received by 

recording the pipe designations marked on the pipe and by spot measuring the pipe ID and OD. 

During on-site storage, the pipe will be left in its original packaging.  Care will be taken during unloading as not to 

drop, drag, or damage the pipe.  The pipe will be stored on a clean and level prepared surface.  The pipe will be 

set on wooden sleepers, spaced suitably and of such a width as not to allow deformation of the pipe at the point 

of contact with the sleeper or between the supports.  Stacking of the pipe will be limited to a height which will not 

cause excessive deformation to the pipe under anticipated temperature conditions and in accordance with the 

Manufacturer’s requirements.  While stored on-site the pipe will be covered with an opaque material to protect it 

from the sun’s rays. 

10.2.3 HDPE Butt-Fusion Welding of Force Main Pipes 

The pipes will be butt-fusion welded together at the installation location prior to being placed in the pipe trench.  

The Earthwork Contractor will be responsible for providing personnel experienced with the process and certified 

by the Manufacturer of the butt-fusion seaming apparatus to perform the work.  The pipe Manufacturer’s 

recommended installation procedures will be submitted to the Engineer for approval prior to pipe installation.  The 

Geotechnical or Geosynthetic Construction Observer will verify and document that approved welding procedures 

are followed. 

10.2.4 Installation 

Prior to installation of the pipe the Geotechnical or Geosynthetic Construction Observer will inspect the pipe for 

damage.  The Geotechnical or Geosynthetic Construction Observer will require that sections of the pipe having 

cuts, scratches, or gouges deeper than ten percent of the wall thickness be removed.  The pipe will be placed on 

a minimum of three inches of NYSDOT No. 1 stone bedding then covered with NYSDOT No. 1 stone for a total 

thickness of 19 to 21 inches of stone.  Prior to backfilling the trench, installed sections of the pipe will be pressure 

tested in the manner described in Section 10.2.5.  After pressure testing of a section of the pipe, the remainder of 

the trench will be backfilled with soil and compacted in 9-inch lifts. 

10.2.5 Pressure Testing of Force Main Pipes 

The Earthwork Contractor will be responsible for performing hydrostatic pressure testing of the pipes of any 

forcemain.  The Geotechnical or Geosynthetic Construction Observer will monitor and document the pressure 

testing procedure.  The tests will be made prior to backfilling as long as continuous inspection of the backfill 

process is provided.  Alternately, continuous inspection of the backfilling may be waived if pressure testing is 

performed when the pipe bedding, pipe and appurtenances have been installed and the trench has been partially 

backfilled.  If pressure testing is performed after backfilling, the pipe will be partially backfilled, leaving the joints 

exposed.  The tests will be made on the working forcemain when the trench has been completely backfilled for 

proper connections.  Where concrete thrust blocks have been constructed, the first test will not be conducted until 

at least five days have elapsed following placement of concrete. 

Before applying the specified test pressure, air will be expelled from the section being tested.  The duration of the 

pressure and leaking tests will be four hours, unless otherwise approved the Engineer.  Each section of the pipe 

to be tested will be slowly filled with clean water and a test pressure will be applied by means of a pump 

connected to the main in a manner satisfactory to the CQA Manager. 
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Exposed pipes, fittings, joints, and other appurtenances will be carefully examined during the partially open trench 

test.  Joints showing visible leaks will be repaired and made watertight.  Cracked or defective pipe or fittings 

discovered as a result of the pressure test will be removed and replaced with new sound material, and the 

pressure test will be repeated until results satisfactory to the CQA Manager are achieved. 

The hydrostatic pressure/leakage test will be performed at a test pressure of 150 percent of the system design 

pressure, unless otherwise approved by the Engineer.  Evaluation of test results will be in accordance with 

AWWA C-600 for the quantity of makeup water which will be considered an acceptable test result (i.e., makeup 

water quantity is attributed to changes in temperature, etc., and not leakage).  If, during the test duration, the 

pressure variation/ makeup water requirements are outside the bounds established by AWWA C-600, the 

Geotechnical Construction Observer will inspect the line for leakage.  Leaks will be repaired.  If no leakage is 

found, the test will be repeated for duration of 24 hours and the results made available to the Project Manager 

and CQA Manager. 

The test results will be to the satisfaction of the Engineer prior to acceptance of the pipe installation. Ends of 

sections being tested shall be tightly closed by plugs, blind flanges, gates, or otherwise for the duration of the 

tests. Any water used in testing or flushing the piping system will not be discharged to the leachate collection 

system. 

10.3 LANDFILL GAS COLLECTION PIPING 

10.3.1 Materials 

The gas collection system for the facility will be comprised primarily of a network of HDPE laterals and header 

pipes connected to vertical collection wells and horizontal collectors.  Prior to delivery to the site the Earthwork 

Contractor will provide the Project Manager the following information for approval: 

• a properties sheet including minimum values for properties tested during manufacturing for approval by 

the Project Engineer; 

• a certification that property values given in the properties sheets are minimum values and are guaranteed 

by the pipe Manufacturer; 

• a quality control certificate for each lot/batch of HDPE pipe provided.  The quality control certificate will be 

signed by the Production Manager or other responsible party and will include: 

o lot/batch numbers and identification; and 

o sampling procedures and results of quality control tests. 

10.3.2 Material Transport and Storage 

The transportation and on-site handling of the pipe are the responsibility of the Earthworks Contractor, the 

transporter of the pipe will take care not to damage the pipe during transportation.  Ropes, fabric, or rubber-

protected slings and straps will be required to be used when handling the pipes.  Chains, cables, or hooks will not 

be inserted into the pipe end.  The pipe or pipe fittings will not be dropped. 

Shipments will be inspected upon arrival.  The Earthwork Contractor will be responsible for verification that 

materials listed on the packing list have been received.  A visual inspection will be performed by the Earthwork 

Contractor and the Geotechnical Construction Observer to identify apparent damage to the pipe during shipment.  

The Geotechnical Construction Observer will verify and document that the proper pipe is being used by recording 

the pipe designations marked on the pipe and by spot measuring the pipe ID and OD during installation. 

During on-site storage, the pipe will be left in its original packaging.  Care will be taken during unloading as not to 

drop, drag, or damage the pipe in any manner.  The pipe will be stored on a clean and level prepared surface.  
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The pipe will be set on wooden sleepers and will not be stacked more than four feet high.  While stored on-site 

the pipe will be covered with an opaque material to protect it from the sun’s rays. 

10.3.3 Installation 

Pipe connections will be made in accordance with the manufacturer’s recommendations and be approved by the 

Engineer.  Care will be taken while connecting the pipes to prevent damage to the pipes and the underlying 

geosynthetics.  Piping will be installed as shown on the Engineering Drawings.  The Geotechnical Construction 

Observer will verify and document the following: 

• foreign objects are removed from the pipe interior prior to the pipe being placed in its final position; 

• no damaged pipe has been installed; 

• the pipe has been installed to the proper lines and grades as identified on the Engineering Drawings; and 

• The pipe is not damaged or moved during backfilling operations. 
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11.0 POST - CONSTRUCTION CARE PROCEDURES 

6NYCRR Part 363-4.5 requires the CQA/CQC Plan to “address the observations and tests that will be used 

before, during, and upon completion of construction to ensure that the construction materials and activities meet 

the requirements of Subpart 363-6.” The preceding sections of this CQA/CQC Plan regarding 

Construction/Installation of the final cover and baseliner system components discuss these procedures required 

by 6NYCRR Part 360-6.8(c)(3)(vi) for geomembranes and by Part 360-6.12(c)(4) for geosynthetic drainage 

layers.  Post-construction care requirements for the completed final cover system are discussed in the 

Closure/Post-Closure Plan. 

To protect the constructed baseliner system, a policy will be adopted which will restrict uncontrolled access to 

unfilled areas of the baseliner coupled with a maintenance and inspection program.  The maintenance and 

inspection program will include requirements that traffic will not be allowed on the primary drainage layer unless 

absolutely required for construction, and in a restricted fashion.  Work on the liner system should be carried out in 

a manner consistent with that required for initial construction activities, and this will include oversight by a spotter 

to reduce the potential for overstressing the liner system.  As well, removal of stormwater and/or leachate should 

be accomplished in the most expedient fashion possible. 

Inspection of the liner system in the unfilled areas will be a routine part of landfill operations.  This will include 

visual inspections and observations during the placement of the five-foot thick layer of select waste to preclude 

objects that may damage the liner system. 

The drainage aggregates and geotextile fabric will be protected from water borne sediments by grading the top of 

the perimeter berm in such a way that run-off from outside the landfill area will be diverted away from the 

constructed landfill cell.  During the interim stages of liner construction, where landfill sideslopes extend down to 

the liner “floor” area, runoff from the interim slopes will be diverted onto the perimeter berm to the extent possible 

when waste grades extend above the landfill perimeter berm elevation.  To protect the primary leachate collection 

layers from excessive sediment intrusion associated with runoff from interim sideslopes, the primary leachate 

collection system at the toe of these interim sideslopes will include a temporary tire chip berm to provide drainage 

separation between the limit of waste/interim cover, and the down gradient liner system construction.  This berm 

will intercept runoff and provide containment for sediment-laden runoff from the interim cover areas.  A geotextile 

will be placed below the tire chip berm to retain the sediments.  Sediment contained within this berm system will 

be periodically inspected and removed to protect the underlying primary leachate collection layers.   Currently, 

dust control measures are performed at the site by watering of the site access roads using a water truck.  Similar 

operational practices will be maintained to minimize windborne sedimentation on the drainage aggregate. 
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12.0 DOCUMENTATION AND RECORDKEEPING 

Records of construction progress and quality control activities will be maintained and communicated to the project 

team throughout the construction of the landfill and related facilities.  The CQA Manager will be responsible for 

compilation, review, and (as applicable) preparation of the following: 

• Daily Construction Documentation; 

• Contractor CQC Documentation; and 

• Weekly Construction Data Summary (for presentation in Weekly Construction Meeting). 

The following will be prepared by the Engineer and CQA Manager, with input from the Project Manager. 

• Weekly Construction Meeting Minutes; and 

• Construction Certification Report. 

Appropriate construction contract documents will reference the contents of this CQA/CQC Plan.  

12.1 DAILY CONSTRUCTION DOCUMENTATION 

Daily construction field notes, documentation forms, and sketches summarizing the day’s CQA documentation 

(collectively referred to as daily construction reports) will be prepared by the Geotechnical Construction Observers 

and the Geosynthetic Construction Observers at the conclusion of each day’s construction activities at the site.  

The information provided in the daily construction reports will include a set of field notes as well as individual 

forms specific to the day’s activities.  The information provided in the above reports as well as daily field notes 

that provide general information regarding daily activities and issues that arise will provide the following: 

• General description of day’s activities; 

• Identification of areas worked including, as appropriate, lift number, panel number, and seam number; 

• Drawings, sketches, and maps showing work completed; 

• Summary of CQA/CQC procedures used for the day; 

• Results of field quality control testing (e.g., non-destructive seam tests, field peel/shear tests); 

• Drawings, sketches, and maps showing quality control testing areas.  Passing and failing areas of the soil 

liner, geomembrane panels and seams will be recorded; 

• The quantity and type of material placed, the equipment used and the CQA/CQC personnel present at the 

site; 

• Reworked and repair areas will be recorded with quality control testing results; 

• Identification of samples collected for quality control testing at the CQA/CQC laboratories, including 

sample number, location, and testing to be performed; 

• Identify field modifications; and 

• Documentation of discussions, decisions or recommendations involving the Contractor, Subcontractor, 

Owner, Operator, NYSDEC, and representatives of the Engineer. 

Information provided in the Daily Construction Documentation will be reviewed by the CQA Manager for 

completeness and conformance with project specifications.  With respect to earthwork, the CQA Manager’s 

review will include: 

• Confirmation that moisture/density tests are within the established windows; 

• Verification that an appropriate number of field measurements and Shelby tube samples were collected 

and are distributed throughout the construction area; and 

• Review of lift thickness measurements. 
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With respect to geosynthetics, the CQA Manager’s review of Daily Construction Documentation will include: 

• Confirm placement of geosynthetics in accordance with project specifications, including, where 

applicable, placement of geomembrane skid sheets, double layers of GCL, etc.   

• For geomembrane: 

o Confirm seams have been non-destructively tested; 

o Where failures in destructive or non-destructive tests are noted, review of associated repair logs 

to document the failure has been properly tracked and repaired; 

o Destructive tests have been performed at the required minimum frequencies; and 

o Geomembrane repairs are accurately depicted. 

The Daily Construction Reports will be submitted to the CQA Manager on a daily basis for review and inclusion in 

the project file.  Daily construction reports will be available to the Engineer, Project Manager, and NYSDEC for 

review.   

12.2 CQC DOCUMENTATION 

The Earthworks and Geosynthetics Contractors will be required to provide information to the Project Manager and 

the CQA Manager prior to, during and at the conclusion of work, as provided in the Technical Specifications.   

Earthworks-related CQC submittals will include the following: 

• Pre-qualification CQC data on proposed soil sources, including structural fill, low-permeability soil liner, 

barrier protection layer soil, and leachate drainage sand/aggregate; 

• CQC gradation data for leachate collection sand and aggregate;  

• Topographic mapping that shows limits of construction, elevations, slopes and slope breaks compared 

with design grades.   

Geosynthetics CQC submittals shall include the following: 

• Identification of geosynthetics materials used in liner system construction, including manufacturer/type, 

raw materials, and properties; 

• Manufacturing quality assurance/quality control data and raw material  certifications for geosynthetics 

rolls delivered to the site; 

• Geomembrane-specific submittals will include: 

o Field tensiometer calibration certificates; 

o Trial seam test results; 

o Summary and log of field quality control work performed by the Geosynthetics Contractor, 

including: 

▪ Non-destructive testing results; 

▪ Identification of types of procedures (e.g., grip separation.  and crosshead speed) used in 

field and laboratory destructive tests; 

▪ Field destructive testing results;  

▪ Laboratory destructive testing results (if applicable). 

• Payment progress reports; 

• Certification statement signed by the Supervisor indicating installation is complete and in accordance with 

the Specifications; and 

• Statement of installation warranties.  The Geosynthetics Contractor will provide a warranty on installed 

geomembrane, including repairs, for one year. 
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12.3 CQA SUBMITTALS 

The CQA Manager will review laboratory CQA submittals to confirm project compliance with the technical 

specifications and design requirements.  CQA data will be transmitted from the geosynthetic and/or geotechnical 

laboratory, and will include the following: 

• Conformance testing results obtained from manufactured geosynthetics rolls; 

• Quality assurance test results obtained from structural fill materials; 

• Undisturbed permeability and other quality assurance test results obtained from low-permeability soil 

liner; 

• Permeability and other quality assurance test results obtained from leachate collection media; and 

• Destructive laboratory test results submitted to the geosynthetics laboratory. 

12.4 ACTION LEAKAGE RATE EVALUATION 

Following completion of primary liner installation, the volume of water removed from the secondary leachate 

collection system will be recorded on a daily basis, or other regularly scheduled interval.  The Action Leakage 

Rate Evaluation will be performed to document that the 30-day average flow rates within the secondary leachate 

collection system are less than 20 gallons per acre per day (gpad), or conversely, can be demonstrated that they 

would soon be less than 20 gpad, based on observed trends in secondary leachate collection removal rates 

measured over a minimum 30-day period.  The Action Leakage Rate Evaluation must include at least one 

precipitation (or simulated precipitation event) of at least one inch of rain during the evaluation period and must 

not be conducted under frozen ground conditions.  This evaluation must include documentation of water removed 

from the secondary leachate collection system during the evaluation period and an evaluation of potential 

contributing factors to the rate of liquid removal.  Contributing factors include items such as direct infiltration of 

runoff into the secondary leachate collection system in areas where the tie-in between primary and secondary 

geomembrane liners has not yet been completed (or was recently opened up), evaluation of standing surface 

water (head) on the primary liner system, and a general description of construction activities over the liner system 

that could cause release of residual water within the secondary leachate collection sand.   

12.5 WEEKLY CONSTRUCTION DATA SUMMARY 

Construction data summaries will be prepared by the CQA Manager and Engineer at the end of every working 

week.  This information will be presented at the Weekly Construction meetings.  The weekly construction 

summary information provided in the construction meetings will include the following information, as applicable: 

• General description of work activities completed at the site for the week; 

• Specific description of work completed for the week, referencing stationing and grid coordinates; 

• Identification of areas worked for the week, including lift number, panel number, and seam number; 

• Drawings, sketches, and maps showing work completed for the week; 

• Summary of CQA/CQC procedures used for the week; 

• Summary of quality assurance/quality control testing results for the week; 

• Summary of reworked areas and repairs completed for the week; 

• Identification of problems and corrective measures undertaken; 

• Summary of shop drawings and submittals received from the Contractor and Subcontractors during the 

week, and disposition of same; 

• Summary of results received from the geotechnical and geosynthetic CQC laboratories during the week; 
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• Summary of field modifications; 

• Action leakage rate evaluation data; and 

• Summary of decisions and recommendations as a result of discussions with the Contractor, 

Subcontractors, Seneca Meadows, Inc. NYSDEC, and representatives of the Engineer. 

The first Weekly Construction meeting will be held as the pre-construction meeting prior to the commencement of 

construction. In addition to questions and general housekeeping procedures the meeting will cover the 

requirements outlined in 6NYCRR Part 363-6.1(g). 

Meeting minutes from weekly construction meetings will be prepared, and submitted to Seneca Meadows, Inc. 

and the NYSDEC.  The meeting minutes will be included in the project file. 

12.6 CONSTRUCTION CERTIFICATION REPORT 

Upon completion of construction activities, the CQA Manager will prepare a Construction Certification Report.  

The report will be prepared under the direction of and will be endorsed by the Engineer who will be licensed to 

practice engineering in the State of New York. 

The Certification Report will document construction in accordance with Construction Plans and Specifications, 

with any exceptions noted, The Certification Report will include the following: 

• Narrative description, of the construction completed at the site; 

• Description of deviations from Construction Plans and Specifications and reasons for such changes; 

• Description of quality control testing procedures; 

• Summary of quality control test data; 

• Drawings showing quality control test locations; 

• Descriptions of procedures used to rework or repair areas with failing quality control test results; 

• As appropriate, raw data sheets and worksheets related to quality control testing; 

• Photographs of construction; 

• Daily and weekly construction reports prepared by the CQA/CQC personnel; 

• Action leakage rate evaluation; 

• Meeting minutes; 

• CQA/CQC data submitted to the Project Engineer by the Geotechnical and Geosynthetic CQC 

laboratories; 

• Record Drawings of the completed construction; 

• Certification statement of completion of construction in accordance with the intent of the Construction 

Plans and Specifications; 

• Certification of the pressure testing of leachate transfer force main installed; and 

• The Certification Report submitted for NYSDEC review and approval will contain typed or printed results 

of quality control testing, plots of the distribution of moisture/density measurements and permeability 

results (if applicable). 

12.7 RECORD SURVEY 

Upon completion of a layer or significant portion of a layer, the grades of the layer at design locations will be 

recorded by survey.  The surveys will be performed on a standard grid pattern with intermediate points at slope 

changes or points of interest as determined by the Project Engineer.  The layers to be surveyed include, the Limit 

of Excavation, Subgrade, Top of Secondary Soil Liner, Top of Primary Liner, Top of Primary Leachate Collection 

Layer, and Top of Protective Soil Layer. 
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Record surveys will also be performed to generate the Secondary and Primary Panel Diagrams.  The panel 

diagrams will include panel seams, destructive sample locations, cap strips/major repairs, and the limit of liner 

placement. 

Additionally, record surveys of the leachate collection piping systems will be performed with shots being taken at 

50-foot intervals, at slope changes, and at bends in the line.  Elevations and locations for pumping and 

mechanical controls, as shown on the Engineering Drawings, will be obtained. 

A topographic/utility survey will be performed for disturbed areas outside of the landfills and the information 

plotted on the Record Drawings. 



190469 

Last Revised Date: July 14, 2020   

 

  13-1 

13.0 LIMITATIONS 

The work product included in the attached was undertaken in full conformity with generally accepted professional 

consulting principles and practices and to the fullest extent as allowed by law we expressly disclaim all warranties, 

express or implied, including warranties of merchantability or fitness for a particular purpose.  The work product 

was completed in full conformity with the contract with our client and this document is solely for the use and 

reliance of our client (unless previously agreed upon that a third party could rely on the work product) and any 

reliance on this work product by an unapproved outside party is at such party's risk. 

The work product herein (including opinions, conclusions, suggestions, etc.) was prepared based on the 

situations and circumstances as found at the time, location, scope and goal of our performance and thus should 

be relied upon and used by our client recognizing these considerations and limitations.  Cornerstone 

Environmental Group, LLC shall not be liable for the consequences of any change in environmental standards, 

practices, or regulations following the completion of our work and there is no warrant to the veracity of information 

provided by third parties, or the partial utilization of this work product. 
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Table 1-1 

CQA/CQC Organizational Structure 



Table 2-1 

CQA Personnel Requirements 

Component Activity Minimum Number of 

Construction Observers 

Earthwork / Geotechnical Excavation 1* 

Excavation nearing design grade 1 

Embankment construction 1 

Pore water pipe work 1 

Pore water geocomposite 1 per install crew 

Soil liner 1** 

Earthwork – Drainage 

Layers 

Secondary leachate collection sand 1 per spread** 

Secondary leachate collection pipe 

work 

1 

Primary leachate collection stone 1 per crew 

Primary leachate collection pipe work 1 

Primary leachate collection tire chip 1 

Geomembrane Geomembrane subgrade prep 1 

Secondary geomembrane 

deployment and production seaming 

2 per crew 

Primary geomembrane deployment 

and production seaming 

2 per crew 

Detailing geomembrane (repairs, 

destructive tests) 

1 

Non-destructive testing 1 per crew 

Leak detection survey 

Other Geosyntheics Secondary drainage composite 2 per crew 

Geosynthetic clay liner 2+2 laborers for pin screening 

Geotextile 1 (if installed as part of cushion) 



Table 5-1 

Quality Control Testing Methods 

TEST Method 

Particle-Size Analysis of Soils ASTM D-422 

Specific Gravity of Soils ASTM D-854 

Amount of Material in Soils Finer than the No. 200 

Sieve 

ASTM D-1140 

Moisture-Density-Relations of Soils and Soil-

Aggregate Using 10-lb. Rammer and 1 8-inch 

Drop 

ASTM D-1557 

Unconfined Compressive Strength of Cohesive 

Soil 

ASTM D-2166 

Laboratory Determination of Water Moisture 

Content of Soil, Rock, and Soil-Aggregate 

Mixtures 

ASTM D-2216 

One-Dimensional Consolidated Properties of Soils ASTM D-2435 

Consolidated-Undrained Triaxial Compressive 

Rest on Cohesive Soils 

ASTM D-4767 

Unconsolidated, Undrained Compressive Strength 

of Cohesive Soils in Triaxial Compression 

ASTM D-2850 

Density of Soil and Soil Aggregate in Place by 

Nuclear Methods (Shallow Depth) 

ASTM D-2922 

Moisture Content of Soil and Soil-Aggregate in 

Place by Nuclear Methods (Shallow Depth) 

ASTM D-3017 

Direct Shear (Consolidated, Drained) ASTM D-3080 

Liquid Limit, Plastic Limit, and Plasticity Index of 

Soils 

ASTM D-4318 

Constant Head Permeability Test (in Triaxial Cell 

with Back Pressure Saturation – Low Permeability 

Soils) 

EM-I 110-2-1906 

Constant Head Permeability Test (Granular Soils) ASTM 2434 
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TECHNICAL SPECIFICATIONS 

Section 02110 Site Clearing 

Section 02130 Structural Measures for Erosion and Sediment Control 

Section 02140 Dewatering 

Section 02150 Shoring and Bracing  

Section 02220 Excavation 

Section 02221 Select Subgrade Soil 

Section 02222 Subgrade 

Section 02223 Common Trench Backfill 

Section 02224 Structural Fill 

Section 02226 Low Permeability Backfill 

Section 02235 Soil Suitable for Vegetative Growth 

Section 02236 Barrier Protection Soil Layer 

Section 02245 Select Granular Backfill 

Section 02271 Stone Riprap 

Section 02272 Gabions & Gabion Mattresses 

Section 02276 Soil Liner 

Section 02277 Test Pad 

Section 02278 Geosynthetic Clay Liner 

Section 02440 Leachate Drainage Layer 

Section 02589 Leak Detection Survey 

Section 02590 Rolled Erosion Control Products 

Section 02595 Geotextiles 

Section 02597 HDPE Geomembrane 

Section 02598 LLDPE Geomembrane 

Section 02599 Geocomposite Drainage Layer 

Section 02650 Polyvinyl Chloride Pipe 

Section 02660 Polyethylene Pipe 

Section 02670 Perforated Corrugated Polyethylene Pipe 

Section 02937 Seeding and Site Restoration 
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SECTION 02110 

SITE CLEARING 

PART 1 GENERAL

1.1 GENERAL 

A. The CONTRACTOR shall furnish all labor, materials, equipment, tools and appurtenances 
required to complete the work of clearing, grubbing, and stripping of surficial soils or debris at 
the work site as shown, specified, or required. 

1.2 RELATED SECTIONS 

A. Section 02130 – Structural Measures for Erosion and Sediment Control 

B. Section 02150 – Shoring and Bracing 

C. Section 02220 – Excavation 

D. Section 02222 - Subgrade 

1.3 REGULATORY REQUIREMENTS 

A. Conform to applicable code for disposal of debris.  No burning debris on-site. 

B. Coordinate clearing work with utility companies. 

PART 2 PRODUCTS

2.1 MATERIALS 

A. None under this section. 

PART 3 EXECUTION

3.1 CLEARING AND GRUBBING 

A. No clearing, grubbing, or stripping of surficial soil shall commence until the CONTRACTOR 
has staked out the proposed work, except for the work that may be required to complete the 
stakeout survey. 

B. Except as otherwise directed, the CONTRACTOR shall cut, grub, remove and dispose of all 
objectionable material such as trees, stumps, stones, brush, shrubs, roots, rubbish, and debris 
within the limits of the clearing as defined in the Drawings.  All such material shall be removed 
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from areas to be occupied by structures, roads, and pipelines, and from areas designated for 
stripping.  No stumps, trees, limbs or brush shall be buried in any areas not designated to 
receive such material. 

C. When so designated by the ENGINEER, the CONTRACTOR shall protect trees or groups of 
trees, monitoring wells, gas headers and wells,property markers, survey control monuments or 
other site features from damage by any construction operations by erecting suitable barriers, or 
by other approved means.  The CONTRACTOR shall make every effort not to damage 
common native trees and shrubs, other than those he is permitted to cut, within or adjacent to 
the limits of work.  Areas outside the limits of clearing shall be protected.  No equipment or 
materials shall be stored in or allowed to damage these areas. 

D. The CONTRACTOR will dispose of all trees, brush, stumps and roots off-site or as directed by 
the ENGINEER. 

3.2 STRIPPING 

A. Topsoil shall mean a friable loam material generally dark brown to black in color, containing 
more than 2 percent organic matter, as determined in accordance with AASHTO T194. 

B. Prior to topsoil removal, the CONTRACTOR shall review his proposed depth of removal with 
the ENGINEER. 

C. The CONTRACTOR shall remove heavy growths of grass from areas before stripping.  Where 
trees are to remain, the CONTRACTOR shall leave existing topsoil in place within drip lines to 
prevent damage to root systems. 

D. The CONTRACTOR shall strip any and all topsoil from areas to be occupied by pipelines, 
structures, roadways, and all areas to be excavated or filled.  Mixing of topsoil with subsoil 
shall be avoided, and topsoil shall be stockpiled in areas as defined in the Plans or as designated 
or approved by the ENGINEER.  Topsoil shall be stockpiled free from brush, trash, large 
stones, and other extraneous material and protected until it is placed for surface restoration 
efforts as specified under the applicable section of the Specifications.  Any topsoil remaining 
after all work is in place shall be disposed of or stockpiled by the CONTRACTOR as directed 
by the ENGINEER. 

E. The CONTRACTOR shall stockpile topsoil in areas indicated on the Drawings or as directed 
by the OWNER.  The stockpile topsoil will be the source of topsoil to be placed in final cover 
areas. Stockpiles shall be constructed so as to provide free drainage of surface water. 

3.3 FIELD QUALITY CONTROL 

A. The depth and limit of topsoil and surficial soil removal will be as directed by the ENGINEER, 
and will be verified during the course of the operation by the on-site testing representative. 

END OF SECTION 
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SECTION 02130

STRUCTURAL MEASURES FOR EROSION AND SEDIMENT CONTROL

PART 1 GENERAL

1.1 SECTION INCLUDES

A. The CONTRACTOR shall furnish all labor, materials, equipment, tools, supervision, 
transportation, installation equipment, and incidentals required to provide structural measures 
for erosion and sediment control during and upon completion of construction as specified herein 
and as shown on the Drawings. 

B. The work shall include construction and maintenance of temporary and permanent erosion 
control structures for those areas shown on the Drawings and all areas disturbed by the 
CONTRACTOR. The work will include, but is not necessarily limited to installation and 
maintenance of the following structural measures: 

1. silt fence 

2. sump pits 

3. stabilized construction entrances 

4. check dams 

5. rock outlet protection 

6. sediment trap 

1.2 RELATED SECTIONS

A. Section 01502 - Environmental Protection 

B. Section 02110 - Site Clearing 

C. Section 02220 - Excavation 

D. Section 02590 - Rolled Erosion Control Products 

E. Section 02271 - Stone RipRap 

1.3 REFERENCE STANDARDS

A.   All work for this section shall be executed in accordance with the “New York State Standards 
and Specifications for Erosion and Sediment Control” dated July 2016, or current version (i.e., 
guidelines). The guidelines are incorporated herein by reference. 
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B.   Selected materials specified in Section 2.1 below shall meet the material requirements of the 
New York State Department of Transportation Standard Specifications for Construction and 
Materials. 

1.4 OTHER STANDARDS

A. Work performed under this Section will follow the requirements provided in the Stormwater 
Pollution Prevention Plan (SWPPP). 

PART 2 PRODUCTS

2.1 MATERIALS

A.  Silt Fence Fabric 

1. Silt fence fabric shall be woven and consist of monofilaments of polypropylene 
treated with ultraviolet light stabilizers.  The fabric shall have sleeves through which 
either steel or two-inch square wood posts can be inserted. 

2. Silt fence fabric shall be inert to chemicals commonly found in soils and to hydrocarbons. 

3. Silt fence fabric shall be resistant to mildew, rot, insects, and rodent attack. 

4. Silt fence fabric shall be supported by 12 gauge, galvanized welded wire mesh.  

B.  Silt Fence Posts 

1. Wood shall be composed of sound quality hardwood. 

2. Wood posts shall be a minimum of 36 inches long. 

3. Steel posts shall be standard T & V section weighing not less than one pound/linear foot. 

 C.  Fine Stone Fill shall meet the material and gradation requirements of Section 620 of the New 
York  State  Department  of  Transportation  Standard  Specifications  for  Construction  and 
Materials. 

D.   Light Stone Fill shall meet the material and gradation requirements of Section 620 of the New 
York State Department of Transportation Standard Specifications for Construction and 
Materials. 

E.   Medium Stone Fill shall meet the material and gradation requirements of Section 620 of the 
New York State Department of Transportation Standard Specifications for Construction and 
Materials. 

F.   Heavy Stone Fill shall meet the material and gradation requirements of Section 620 of the 
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New York State Department of Transportation Standard Specifications for Construction and 
Materials. 

PART 3 EXECUTION

3.1 GENERAL

A.  The CONTRACTOR shall perform all work under this Contract in such a manner that 
objectionable conditions will not be created in water courses through or adjacent to the project 
area. 

B.  The Drawings illustrate the typical requirements for erosion and sediment control.   The 
CONTRACTOR shall install the erosion control devices required to control erosion and 
sedimentation in accordance with applicable requirements based on the sequencing of their 
proposed work and miscellaneous construction activities.   The CONTRACTOR shall inspect 
all erosion and sedimentation control devices on a daily basis and maintain, adjust, relocate 
and supplement devices to ensure complete control of erosion and prevention of water 
pollution. 

C.   The CONTRACTOR shall install perimeter erosion and sedimentation control devices prior 
to any soil or vegetation disturbance other than that soil and vegetation disturbance required 
to install the subject erosion and sedimentation control devices. 

D.  The CONTRACTOR shall install inlet and outlet protection devices immediately after each 
culvert (or other applicable structure) has been installed. 

E.  Temporary erosion and sedimentation control devices shall be maintained in working order 
throughout the project duration. 

3.2 SILT FENCE

A. A silt fence is a temporary sediment barrier placed on a slope contour to detain sediment by 
ponding water behind it and allowing sediment to settle out.  Silt fences may also be used to 
divert sediment laden run-off to a complementary control device if placed slightly off the 
contour. 

B. Silt fence shall be installed to follow ground contours and in the locations shown on the 
Drawings down slope of any area before disturbance by construction activities.  The silt fence 
fabric panels shall be installed loosely with adjacent panels overlapped a minimum of 12 
inches.  Silt fence material shall be embedded at least six inches beneath ground surface and 
shall extend upward at least 16 inches above the disturbed area ground surface.  The top edge 
of the fabric shall be reinforced or shall have a one-inch tuck. 

C. Accumulated silt and debris shall be removed by the CONTRACTOR from behind the face 
of the silt fence when the silt deposits reach approximately one-third the height of the fence. 
Clogged or damaged fabric shall be immediately replaced. 
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3.3 SUMP PITS

A.   A sump pit is a temporary pit that is constructed to trap and filter water for pumping to a 
suitable discharge area.  Sump pits shall consist of a perforated vertical standpipe, which may 
or may not be wrapped with hardware cloth and a geotextile filter or of a similar construction 
acceptable to the ENGINEER.  The standpipe is typically located in the center of a pit 
positioned at the lowermost point of the excavation. 

B.   Sump pits shall be constructed in locations determined by the CONTRACTOR as required to 
adequately dewater the excavation.  Initial grading in the cell areas shall be staged so that 
surface water runoff is directed toward the sump pits. 

C.   Accumulated surface water runoff shall be pumped only into a sedimentation basin as shown 
on the Drawings.  Direct discharge into a surface-water body or a storm drainage system will 
not be permitted.   Pump only from the inside of the sump pit riser pipe.   If required to 
minimize pumping of sediment, the pump inlet shall be attached to a floatation device so that 
only water from near the surface of the standing pool is discharged from the sump pit. 

3.4 STABILIZED CONSTRUCTION ENTRANCE

A.   A stabilized construction entrance is intended to reduce or eliminate the tracking of sediments 
onto public rights-of-way or streets.  A stabilized construction entrance consists of a stabilized 
pad of aggregate underlain by a separation geotextile located at a point where traffic will be 
entering or leaving a construction site to or from a public right-of-way or street. 

B.   Three-inch stone over a 10-ounce non-woven separation geotextile shall be used to construct 
the stabilized construction entrances as required to reduce tracking of sediments onto the 
public rights-of-way. 

C.   The thickness of the three-inch stone shall be not less than twelve inches. 

D.   The width of the stabilized construction entrances shall be not less than 24 feet at points where 
ingress or egress occurs. 

E.   Geotextile separator shall be placed over the entire area prior to placing three-inch stone. 

F.   The entrance shall be maintained in a condition that will prevent tracking or flowing of 
sediment onto public rights-of-way.  All soils spilled, dropped, washed, or tracked onto public 
rights-of-way must be removed by the CONTRACTOR. 

G.   Periodic inspection and needed maintenance shall be provided by the CONTRACTOR after 
each rain. 
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3.5 CHECK DAMS

A.   A check dam is a small temporary stone dam constructed across a drainage way to reduce 
erosion in the channel by restricting velocity of flow. 

B.   Light Stone Fill shall be placed on a woven or non-woven separation geotextile to the lines, 
grades and locations shown on the Drawings. 

C.   Extend the Light Stone Fill a minimum of 1.5 feet beyond the channel banks to prevent cutting 
around the dam. 

3.6 ROCK OUTLET PROTECTION

A.   Rock outlet protection is a section of rock protection placed at the outlet end of a culvert, 
conduit or channel.   Rock outlet protection is intended to reduce the depth, velocity and 
energy of water such that the flow will not erode the receiving downstream reach. 

B.   Stone outlet protection shall be constructed by the CONTRACTOR below all culvert outfalls 
as shown on the Drawings.  Outlet protection shall be constructed using Fine, Light or Medium 
Stone Fill as indicated by the Drawings. 

C.   The subgrade for the rock outlet protection shall be prepared to the required lines and grades.  
Any fill required in the subgrade shall be compacted to at least the same density as the 
surrounding undisturbed material or according to the same requirements for the surrounding 
compacted fill. 

D.   If a geotextile is used it shall be protected from punching, cutting, or tearing.  Any damage 
shall be repaired by placing another piece of geotextile over the damaged part or by completely 
replacing the geotextile.  All overlaps, whether for repairs or for joining two pieces of cloth, 
shall be a minimum of one foot. 

E.   Stone Fill shall be placed by equipment to the full course thickness in one operation and in 
such a manner as to avoid displacement of underlying materials.  The stone shall be delivered 
and placed in a manner that will insure that it is reasonably homogenous with the smaller 
stones and spalls filling the voids between the larger stones.  Stone Fill shall be placed in a 
manner to prevent damage to the geotextile.  Hand placement will be required to the extent 
necessary to prevent damage to the permanent works. 

3.7 SEDIMENT TRAP

A. A sediment trap is a temporary barrier or dam or basin constructed across a drainage way to 
intercept sediment-laden run-off and to trap and retain the sediment. 

B.   Sediment traps shall be excavated and maintained by the CONTRACTOR in the locations 
shown on the Drawings.   Silt fence sediment barrier must be constructed below the outlet 
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before excavating the trap. 

C.   The CONTRACTOR shall remove sediment and restore the trap to its original dimensions 
when the sediment has accumulated to 1/2 the design depth of the basin.  Removed sediment 
shall be deposited in a suitable area and in such a manner that it will not erode. 

D.   The CONTRACTOR shall inspect each structure after each rain and shall make repairs as 
needed. 

E.   Construction  operations  shall  be  carried  out  in  such  a  manner  that  erosion  and  water 
pollution shall be minimized. 

END OF SECTION
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SECTION 02140 

DEWATERING 

PART 1 GENERAL

1.1 SECTION INCLUDES 

A. The CONTRACTOR shall furnish all labor, materials, equipment, tools and appurtenances 
required to complete and maintain the work of lowering and control of groundwater levels, 
hydrostatic pressures, surface water to permit all excavations, and construction to be performed 
as shown, specified or required.  The control of all surface water, temporary drainage, ice, and 
snow, shall be considered as part of this work.  The CONTRACTOR shall correct all damage 
resulting from inadequacy of the dewatering system or from flooding of the construction site 
from other causes. 

1.2 RELATED SECTIONS 

A. Section 02220 – Excavation 

B. Section 02221 – Select Subgrade Soil 

C. Section 02222 – Subgrade 

1.3 SUBMITTALS 

A. Prior to starting the work, the CONTRACTOR shall submit a plan of the proposed 
dewatering systems prepared by a competent person having at least 5 years experience in the 
field of dewatering.  The dewatering shall be coordinated with shoring and bracing, if any, 
and other excavation work.  Any review or comments by the ENGINEER shall not relieve 
the CONTRACTOR of his responsibility for dewatering. 

B. The CONTRACTOR shall provide details of the sump construction, including: sump 
location, dimensions, proposed materials, and discharge locations with planned sediment 
controls. 

1.4 QUALITY ASSURANCE 

A. A Preinstallation Conference will be conducted at the Project Site to review methods and 
procedures related to dewatering including, but not limited to, the following: 

1. Inspection and discussion of condition of the site to be dewatered including 
coordination with temporary erosion control measures and temporary controls and 
protections, 

2. Boring logs, 

3. Excavation support and utility installation plans, 

4. Utility locations and discussion, 



_____________________________________________________________________________________________________________________ 
Seneca Meadows 02140 Dewaterng 
Printed Date 10/31/2019 Page 2 of 4  

5. Coordination with other contractors, 

6. Schedule, 

7. Discussion of installer’s personnel and equipment, and 

8. Testing and monitoring of dewatering system. 

1.5 PROJECT CONDITIONS 

A. Existing Utilities:  Do not interrupt utilities occupied and operated by the OWNER except 
those specifically related to the nature of the work unless permitted under the following 
conditions: 

1. Notify OWNER no fewer than two days in advance of proposed interruption of utility. 

2. Do not proceed with interruption of utility without OWNER’s permission. 

B. Borings were completed within the area.  Boring logs will be made available for information 
purposes only.  The OWNER will not be responsible for interpretations or conclusions drawn 
from these logs.  The CONTRACTOR is responsible for completing additional borings as 
necessary for completing the dewatering.   

PART 2 PRODUCTS

2.1 MATERIALS 

A. Materials shall conform to those included in the CONTRACTOR's plan for dewatering. 

PART 3 EXECUTION 

3.1 PREPARATION 

A. Protect structures, utilities, and other facilities from damage caused by settlement, lateral 
movement, undermining, washout, and other hazards created by dewatering operations. 

1. Prevent surface water and subsurface or ground water from entering excavations, from 
ponding on prepared subgrades, and from flooding site and surrounding area. Remove 
rainwater that enters the excavation by using sumps and pumps. 

2. Protect subgrades and foundation soils from softening and damage by rain or water 
accumulation. 

B. Install dewatering system to ensure minimum interference with adjacent structures and 
utilities. 

1. Do not close or obstruct adjacent roadways or facilities without permission from 
OWNER. 

C. Provide temporary grading to facilitate dewatering and control of surface water. 

D. Promptly report damage to adjacent structures and/or utilities to OWNER. 
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E. Protect and maintain temporary erosion and sedimentation controls, as specified in Seneca 
Meadows Stormwater Pollution Prevention Plan (SWPPP) during dewatering operations. 

3.2 REQUIREMENTS 

The CONTRACTOR shall comply with the SWPPP, as well as the following minimum 
requirements for dewatering: 

1. The static water level within the excavation shall be drawn down a minimum of 2 feet below 
the bottom of the excavation so as to maintain the undisturbed state of the foundation soils and 
allow the installation of the structure and/or placement of backfill to the required density. 

2. The pumping water well shall be provided with filters to prevent loss of fine materials.  Water 
that is pumped out shall be passed through a sedimentation tank or other means to control 
sediment before discharging to natural drainage courses.  No injection of water to areas 
outside the excavation will be allowed. 

3. The system used shall not cause settlement damage to adjacent structures.  The 
CONTRACTOR shall carry out the work by the use of other methods which will not endanger 
adjacent structures; all such work shall be done at the CONTRACTOR's expense.  The 
CONTRACTOR shall be responsible for correcting, as necessary, any adverse effects his 
dewatering may have on existing buildings, wells, utilities, and water courses at no additional 
cost to the OWNER. 

4. Prevent surface water from entering excavations by grading, dikes, or other means. 

5. Pumping shall be carefully controlled.  The CONTRACTOR shall observe the elevation of the 
groundwater in the excavation area and shall control the pumping as necessary. 

6. The CONTRACTOR shall provide sufficient standby equipment for immediate operation.  
This equipment shall be capable of maintaining dewatering on a continuous basis in the event 
that all of, or part of, the system should become inadequate or fail, including failure by a 
power outage. 

7. The release of groundwater to its static level shall be performed in a manner as to maintain the 
undisturbed state of the soils, prevent disturbance of the backfill and prevent flotation or 
movement of the structures. 

8. There shall be NO discharge of silty, muddy or polluted water from construction or 
dewatering operations to a natural water course.  The CONTRACTOR shall ensure that all 
waters reaching existing water courses meet or exceed the existing quality of the water course.  
To allow sediment to settle out of water that interferes with construction before such water 
enters any wetlands, streams or ponds, dewatering operations shall direct pumpage as far away 
from such areas as practical.  Care should be taken not to damage or kill vegetation by 
excessive watering or by damaging silt accumulation in the discharge area. 

9. The CONTRACTOR is responsible for all permits and approvals associated with construction 
dewatering and temporary surface water control. 

10. Remove dewatering system if no longer needed. 
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END OF SECTION
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SECTION 02150 

SHORING AND BRACING 

PART 1 GENERAL

1.1 SECTION INCLUDES 

A. The CONTRACTOR shall furnish all engineering design, labor, materials, equipment, tools and 
appurtenances required to complete the work of shoring, bracing, and sheeting or sheet piling, 
necessary to complete the construction, protect structures, and prevent the loss of ground or 
caving of embankments, as shown, specified or required, and shall meet all applicable building 
and safety codes. 

B. Pressures on sheeting and the stability of the sheeting and bottom of the excavation are 
dependent not only on soil conditions but upon many procedures and options available to the 
CONTRACTOR, such as dewatering, staging of excavation and installation of bracing, 
flexibility of sheeting, construction equipment used, and time of completing the work.  All such 
factors shall be considered investigated in the design of the sheeting and bracing. 

C. This section includes the work included in constructing excavation support systems as shown 
on the drawings. The excavation support system shall consist of sheeting, drilled soldier piles, 
timber lagging, wales, struts, and/or necessary structural connections. Work is to be completed 
according to these specifications and the drawings. 

1.2 RELATED DOCUMENTS 

A. Construction Standards for Excavation 29 CFR Part 1926.650-652, the Occupational Safety and 
Health Administration (OSHA). 

B. Construction Safety and Health Regulations, U.S. Department of Labor, Occupational Safety 
and Health Administration. 

C. Drawings and general provisions of the Contract, including General and Supplementary 
Conditions and Division 01 Specification Sections, apply to this Section. 

1.3 SUBMITTALS 

A. The CONTRACTOR shall submit drawings, computations and substantiating data prepared, 
and signed and sealed by a Professional ENGINEER licensed in the State of New York, 
showing his proposed sheeting, sheet piling, and bracing design and method of construction for 
the information of the ENGINEER prior to the start of such construction.  Any review or 
comments by the ENGINEER shall not relieve the CONTRACTOR of his responsibility for 
sheeting and bracing. 

B. In trenches, the sheeting shall be designed so that the lowest brace is no closer than 12 inches 
above the base of the structure to be installed. 
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C. Mill Certificates: For steel to be used for soldier piles, walers, knee braces, and necessary 
structural connections. 

D. Design Mixtures: For controlled low strength material (CLSM or “flowable fill”) mixture. 

E. Product Data: For hardwood timber to be used as lagging. 

F. Certificates for welders. 

1.4 RELATED SECTIONS 

A. Section 02140 – Dewatering  

B. Section 02220 – Excavation 

1.5 QUALITY CONTROL 

A. During the installation of the sheeting and bracing and as long as the excavation is open, the 
CONTRACTOR's Professional ENGINEER shall monitor the work to ensure that it is carried 
out in accordance with his design and procedures.  For this purpose, leveling observations for 
heave and settlement shall be made in addition to piezometric readings where excavations 
extend below the water table or through soft cohesive soils. 

B. Installer Qualifications: An experienced installer that has specialized in the construction of 
braced soldier pile and lagging excavation support systems. 

C. Preinstallation Conference: Conduct conference at Project site. 

D. Review methods and procedures related to construction of the braced soldier pile and lagging 
shoring system including, but not limited to, the following: 

E. Inspection and discussion of condition of shoring site, 

F. Boring logs, 

G. Excavation support and utility installation plans, 

H. Utility locations and discussion, 

I. Coordination with other contractors,  

J. Schedule, 

K. Discussion of Installer’s personnel and equipment, and 

L. Dewatering requirements. 

M. Welding Qualifications: Qualify procedures and personnel according to the following: 

N. AWS D1.1/D1.1M, “Structural Welding Code – Steel.” 
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O. Drilled-Pier Standard: Comply with ACI 336.1 unless modified in this Section. 

P. Preinstallation Conference: A preinstallation meeting will be scheduled prior to commencing 
work on the excavation support system. 

Q. Operator Qualifications: Perform installation of braced soldier pile and lagging systems with 
supervisory personnel that have at least 5 years of experience in the field of shoring 
construction. 

1.6 PROJECT CONDITIONS 

A. Survey Work: The CONTRACTOR will provide all survey work required to construct the 
shoring system as shown on the plans. This will include adjacent topography, structure and 
utility locations, and the marking of the center of the soldier pile locations for installation.  

1. As underground utilities are encountered, the Contractor shall provide access to SMI, as 
requested, to measure their alignment, diameter, elevations, and type. The Contractor shall 
promptly notify the Owner if cracks, sags, or other damage is evident in the utilities. 

2. The CONTRACTOR will measure final soldier pile locations, hole and socket diameters 
and depths, and final excavation depths for payment. 

3. The site has underground utilities traversing it. Services from these utilities must remain 
throughout construction. Consult Owner’s records of existing utilities and their 
connections to be fully informed on all existing conditions and limitations as they apply to 
this work and its relation to other construction work. 

4. Use only certified welders for all welding. 

1.7 GEOTECHNICAL DATA 

A. Borings were completed for this project. The boring logs (with boring location plan) are 
available upon request.  

B. After obtaining Owner’s permission, the Contractor shall take whatever additional borings or 
explorations deemed necessary at no expense to Owner. 

C. Aforementioned data are for general information and are accurate only at the particular 
locations and time the subsurface explorations were made. It is the Contractor’s responsibility 
to make interpretations and draw conclusions based on the character of the materials to be 
encountered and the impact on their work based on their expert knowledge of the area and 
installation techniques. 

PART 2 PRODUCTS

2.1 MATERIALS 

A. Steel Sheet Piling 

1. Steel sheet piling shall conform to the requirements of ASTM A328. 



__________________________________________________________________________________________________________________ 
Seneca Meadows 02150 Shoring and Bracing 
Printed Date 11/8/2019 Page 4 of 7 

B. Timber Sheeting 

1. The timber, unless otherwise noted, may consist of any species which will satisfactorily 
stand driving.  It shall be sawn or hewn with square corners and shall be free from worm 
holes, loose knots, wind shakes, decayed or unsound portions, or other defects which might 
impair its strength or tightness. 

C. Structural Steel: ASTM A992 Grade 50. Provide sections as shown on the drawings. 

D. Structural Connection Elements: 

1. Contact lagging plates: ASTM Grade A36/A36M 

2. Threaded studs: ASTM Grade A36/A36M 

3. Nuts: ASTM Grade A563/A563M Grade A, Heavy Hex 

4. Welding Electrodes: E70XX 

E. Wood Lagging: Mixed hardwood, lumber, nominal rough thickness of 3 inches as shown on 
the drawings. 

F. Controlled Low Strength Material (CLSM) (i.e., Flowable Fill)  

1. CLSM shall be supplied and placed in accordance to Section 204 of the New York State 
Department of Transportation, Standard Specifications. 

2. CLSM shall consist of Type II Portland cement, fly ash, and water in proportions to meet 
the strength requirements. 

3. CLSM shall have a minimum 28-day compressive strength of 40 pounds per square inch 
and a maximum strength of 100 pounds per square inch. 

PART 3 EXECUTION

3.1 VERIFYING EXISTING CONDITIONS 

A. Before commencing work, the CONTRACTOR shall check and verify all governing 
dimensions and elevations, including field measurements of existing and adjoining work on 
which his work is dependent, to assure proper fit and clearance of each part of the work to the 
new and existing structures. 

B. The CONTRACTOR's attention is drawn to General Conditions for general information for 
evaluating existing conditions which may affect his work. 

3.2 COORDINATION WITH OTHER OPERATIONS 

A. The schedule and progress of the shoring, bracing, and sheeting work shall be coordinated with 
the dewatering, excavation, and backfilling work.  If, during the progress of the excavation, 
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lateral movement of the adjacent ground or structures is discovered, corrective measures shall 
be taken immediately to prevent further movement. 

3.3 INSTALLATION 

A. All Sheeting 

1. All sheeting, whether steel or timber, permanent or temporary, shall be safely designed and 
shall be carried to adequate depths and braced as necessary for proper performance of the 
work.  Construction shall be such as to permit excavation as required.  Interior dimension 
shall be such as to give sufficient clearance for construction forms and their inspection.  
Movements of sheeting or bracing which prevent the proper completion of the sub-structure 
or cause damage to any adjacent structure by undermining or any other change shall be 
corrected at the sole expense of the CONTRACTOR.  No part of the sheeting or bracing 
shall be allowed to extend into the structure without written permission of the ENGINEER. 

2. If the ENGINEER is of the opinion that, at any point, any proper supports have not been 
provided, he may order additional supports put in at the expense of the CONTRACTOR, 
and compliance with such order shall not relieve or release the CONTRACTOR from his 
responsibility for the sufficiency of such supports.  Care shall be taken to prevent voids 
outside of the sheeting, but if voids are formed, they shall be immediately filled and 
rammed. 

B. Permanent Steel Sheet Piling 

1. In locations where sheeting is installed to protect existing structures, it shall remain in place 
unless otherwise specified.  All permanent sheeting shall be steel. 

2. Permanent steel sheet piling shall be cut off at 2 feet below the original ground, or as 
directed by the ENGINEER.  All material cut off shall remain the property of the 
CONTRACTOR and shall be disposed of by him. 

C. Temporary Steel or Timber Sheeting 

1. Temporary sheeting shall be either steel or timber. 

2. Unless otherwise ordered by the ENGINEER, all parts of the temporary sheeting shall be 
removed upon completion of the work for which it was provided.  The excavation shall be 
backfilled and properly compacted prior to removal of sheeting unless otherwise permitted 
by the ENGINEER.  Sheeting may be left in place at the option of the CONTRACTOR if so 
permitted by the ENGINEER and the cutoffs removed from the site. 

3. The CONTRACTOR shall leave in place to be embedded in the backfill, any sheeting and 
bracing which the ENGINEER may direct him in writing to leave in place at any time, 
during the progress of the work, for the purpose of preventing injury to structures, utilities, 
or property, whether public or private.  The ENGINEER may direct that steel or timber used 
for sheeting and bracing be cut off at any specified elevation. 
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4. The right of the ENGINEER to order sheeting and bracing left in place shall not be 
construed as creating any obligation on his part to issue such orders, and his failure to 
exercise his right to do so shall not relieve the CONTRACTOR from liability for damages 
to persons or property occurring from or upon the work occasioned by negligence or 
otherwise, growing out of a failure on the part of the CONTRACTOR to leave in place 
sufficient sheeting and bracing to prevent any caving or moving of the ground. 

5. No sheeting is to be completely withdrawn if driven below mid-diameter of any pipe or 
structure footing, and under no circumstances shall any sheeting be cut off at a level lower 
than 1 foot above the top of any pipe. 

D. Soldier Piles 

1. Soldier piles shall be placed and centered in a drilled hole having a minimum diameter of 
3.0 feet. Prior to placement of the piles or CLSM, the hole should be cleaned of all soil, 
rock cuttings, and groundwater.  

2. Piles and hole locations shall be located within 2 inches of those shown on the Drawings. 

3. The exposed faces of the flanges shall not vary more than 2 inches from a horizontal line 
and not more than 1:120 out of vertical alignment. 

4. The soldier piles shall not have a center to center spacing greater than 8.0 feet, except as 
shown in the drawing. 

5. After the steel pile is placed and plum, place CLSM in a continuous operation and without 
segregation from the bottom of the hole to the ground surface as shown on the drawings. 

E. Wood Lagging 

1. Wood lagging shall be securely attached to the face of the pile flange with contact plates, 
threaded studs, and nuts. Lagging in the excavation corners may need to be tucked behind 
the flanges of the soldier piles. 

2. Any void space between the lagging and retained soil shall be packed tightly with soil to 
create continuous contact between the lagging and the retained soil. 

3. Unlagged excavations shall not be higher than 5 feet. 

F. Bracing 

1. Bracing (i.e., knee braces and wales) shall be placed as shown on the drawings.  

2. The excavation shall not be made deeper than 1.0 feet below the closest bracing elevation 
until the bracing is completely installed and shimmed. 

3. The wales shall be shimmed to make intimate contact with each soldier pile. 

4. Bracing connections should be welded by a certified welder as shown on the drawings. 
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5. Stiffener plates shall be installed as shown on the drawings. 

3.4 REMOVAL OF SHORING AND BRACING MATERIALS 

A. Where the CONTRACTOR elects not to remove shoring and bracing material, all such material 
shall be removed to the extent that the top of the material shall be a minimum of 5 feet below 
the proposed finished grade.  No shoring or bracing may remain in place within the limit of 
proposed solid waste placement. 

B. Removal of shoring and bracing shall be carried out in a manner such that no structure shall be 
disturbed or damaged during or after removal.  Protection of structures during the removal of 
shoring and bracing shall be the sole responsibility of the CONTRACTOR, and any disturbance 
or damage shall be rectified at no expense to the OWNER. 

3.5 SAFETY 

A. Installation and removal methods of shoring and bracing shall meet, or exceed, the minimum 
requirements of the applicable codes and safety precautions as outlined in such codes, and shall 
be enforced by the CONTRACTOR. 

END OF SECTION 
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SECTION 02220 

EXCAVATION 

PART 1 GENERAL

1.1 SECTION INCLUDES 

A. The CONTRACTOR shall furnish all labor, materials, equipment, tools and appurtenances 
required to complete the work of excavation, disposal of excess and unsuitable materials, and 
other related and incidental work within the designated area and as required for the 
construction of other work, as shown, specified or required. 

B. The CONTRACTOR shall excavate and verify the horizontal and vertical locations of 
pertinent utilities, landfill liners, drainage improvements, and other existing features in or near 
the area of work, whether indicated on the Construction Plans or not.  Should a conflict exist, 
the Contractor shall notify the Engineer as soon as possible.  The Contractor shall exercise due 
care to avoid disturbing any underground utilities.  The Contractor shall coordinate any 
potential disruptions in utility service with the utility companies affected at least 24 hours prior 
to the disruption. The Contractor shall repair damage to existing utilities at the Contractor’s 
expense. 

1.2 RELATED DOCUMENTS 

A. OSHA Construction Standards for Excavation (29 CFR Parts 1926.650, 1926.651, and 
1926.652). 

1.3 RELATED SECTIONS 

A. Section 02140 – Dewatering  

B. Section 02222 – Subgrade   

1.4 DEFINITIONS 

A. Excavation shall mean the removal from place of all materials and shall include soil, structures 
above and below ground, rock, pavements, topsoil, demolition waste material, boggy waste, 
rubbish, tree stumps, boulders, logs, ashes, cinders or organic material such as peat, humus or 
organic silt. 

B. Muck excavation if required shall mean the excavation and removal of soft, wet unsuitable 
subgrade material to the depth as directed by the ENGINEER. 

1.5 FIELD MEASUREMENT 

A. Verify that survey benchmark and intended elevations for the work are as indicated. 
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1.6 PROTECTION OF PEOPLE AND PROPERTY 

A. The CONTRACTOR shall plan and conduct his operations so as to prevent damage to existing 
structures, safeguard people and property, minimize traffic inconvenience, protect the 
structures to be installed, and provide safe working conditions. 

B. The CONTRACTOR shall clearly demarcate the wetland limits adjacent to the project area 
using high visibility materials and install a double row of silt fence as required in the site 
Stormwater Pollution Prevention Plan (SWPPP). The CONTRACTOR shall plan and conduct 
his operations so as to prevent any disturbance to the wetland limits and damage to the wetland 
limits markings or silt fence. 

C. Excavations, except as specified hereinafter, shall be adequately sheeted and braced.  Where 
the installation of sheeting is impractical or might cause damage, as a result of, but not limited 
to, vibration, settlement or lateral movement, the CONTRACTOR shall utilize other methods. 

D. Excavation may be made without sheeting and bracing within the limitations and requirements 
of the governmental agencies having jurisdiction, provided that: 

1. Hazards, such as described hereinbefore, do not exist in the proximity of the excavation. 

2. Work is not in streets or other paved, landscaped or improved areas. 

3. Work can be restricted to the land provided for the CONTRACTOR's use. 

4. The CONTRACTOR shall submit a certification by a Professional ENGINEER licensed 
in the State, indicating the maximum slope of the sides of the excavation proposed, and 
that said slopes will be stable under all normal anticipated weather conditions for the 
period that the excavation will be open or at other than final grades.  Such certification 
shall be based on the CONTRACTOR's own subsurface exploration and consideration of 
the options available to the CONTRACTOR such as dewatering, construction equipment, 
and proximity of spoil area.  Any review or comments by the ENGINEER shall not 
relieve the CONTRACTOR of his responsibility arising from the excavation. 

E. In cases where excavation without sheeting and bracing is not permissible solely because of 
protection of workmen, trench boxes may be used.  Such use shall be certified by the 
Professional Engineer retained by the CONTRACTOR. 

F. The CONTRACTOR shall not stockpile any material without the ENGINEER's approval. 

G. Stockpiles that are approved by the ENGINEER shall be carefully placed and the surrounding 
area shall be protected by placement of silt fence, or an equivalent erosion control structure in 
accordance with the site SWPPP and New York State Standards and Specifications for Erosion 
and Sediment Control (current version). 

H. Protect excavations by methods required to prevent cave-in or loose soil from falling into 
excavation. 
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PART 2 PRODUCTS

Not Used. 

PART 3 EXECUTION

3.1 LIMITS OF EXCAVATION 

A. Excavation shall be carried to the dimensions indicated, specified or required or as directed by 
the ENGINEER. 

B. Where structures may be installed provide sufficient clearance for the construction and 
inspection of the structure to be installed. 

C. Excavation carried below the depths shown, specified or required, without written directions 
from the ENGINEER, shall be refilled to the proper grade with thoroughly compacted 
subgrade or structural fill material, as applicable; all work of this nature shall be at the 
CONTRACTOR's expense. 

D. Any damage to existing landfill liner system designated to remain, resulting from 
CONTRACTOR’s excavation shall be repaired at the CONTRACTOR’s own expense.  
Repairs shall be performed in accordance with the Project Specifications or applicable State 
Regulations, whichever are more stringent, and to the OWNER’s satisfaction. 

3.2 STORAGE AND DISPOSAL 

A. Excavated material, which is suitable and approved for backfill and fill shall be placed in 
stockpiles unless or until it can be placed in the work.  It shall not be placed close to the side of 
excavations, where the weight of the material could create a surcharge on such sides, whether 
sheeted or not.  Places for stockpiles shall be only where shown or approved, and shall avoid 
environmentally sensitive areas.  The CONTRACTOR shall provide erosion control methods 
such as silt fence, mulching, etc., in accordance with the New York State Standards and 
Specifications for Erosion and Sediment Control. 

B. Excavated material shall be segregated and stockpiled according to material characteristics into 
the following categories: 

1. UGT – for structural fill and soil liner construction. 

2. UGL – for soil liner construction. 

3. LGL – for Site operations. 

4. Silt/Sand – for Site operations. 

C. The CONTRACTOR shall be responsible for maximizing the separation and utilization of the 
excavated soil for landfill construction.  Suitable construction soil may be temporarily 
stockpiled and/or conditioned in the future Stage 5 area, north and adjacent to the Stage 6B 
liner area. 

D. Unsuitable material shall be placed in storage piles as directed by the ENGINEER. 
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E. Excavated waste, if any, will be brought to the working face of the landfill or as directed by the 
OWNER. 

3.3 EXCAVATION INSTRUCTIONS 

A. No excavation shall commence until the CONTRACTOR has staked out and surveyed the 
proposed work. 

B. Following excavation for pump stations, swales, concrete structures, outlets, outfalls, pipes, 
etc., or any structure required for the work, the CONTRACTOR shall regrade and add 
compacted fill as needed in order to achieve required surface for placement of materials as 
shown on the Construction Plans.  All visible sharp protruding objects shall be removed or 
covered with a minimum of 12 inches of compacted fill. 

C. In addition, the CONTRACTOR shall remove all demolition material (and all objects greater 
than 6 inches) within 24 inches of a swale and replace same with compacted fill. 

D. Excavation above existing geosynthetic layers shall be conducted with equipment utilizing a 
flat edge blade (no ripping teeth) or by hand excavating.  An observer must be utilized to 
prevent and verify that the geosynthetic layers are not damaged. 

E. The CONTRACTOR shall meet all the required health and safety regulations, and obtain the 
required permits and approvals pertaining to the excavation of waste, if any.  

3.4 FIELD QUALITY CONTROL 

A. The depth and limit of excavation and will be in accordance with these Specifications and the 
ENGINEER's direction and will be verified during the course of excavation and muck 
excavation by the ENGINEER. 

B. CONTRACTOR is responsible to maintain appropriate and stable working slopes during 
excavation activities. 

C. CONTRACTOR to grade top perimeter of excavation to prevent surface water from draining 
into excavated areas. 

D. CONTRACTOR to notify ENGINEER of unexpected subsurface conditions and discontinue 
work in areas until notified to resume work. 

E. Open excavations shall be CONTRACTOR’s sole responsibility. 

END OF SECTION
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SECTION 02221 

SELECT SUBGRADE SOIL 

PART 1 GENERAL

1.1 SECTION INCLUDES 

A. The CONTRACTOR shall furnish all labor, materials, equipment, tools and appurtenances 
required to complete the work of placing and consolidating Select Subgrade Soil as shown, 
specified or required. 

1.2 RELATED SECTIONS 

A. Section 02220 – Excavation 

B. Section 02222 – Subgrade 

C. Section 02224 – Structural Fill 

D. Section 02597 – HDPE Geomembrane 

1.3 DEFINITIONS 

A. Select Subgrade Soil shall consist of furnishing material, if necessary, and placing and 
compacting appropriate soils adjacent to or in association with geosynthetics used in the 
landfill liner system construction.   

1.4 PROTECTION OF PEOPLE AND PROPERTY 

A. Protection of people and property shall conform to the requirements of Section 02220 - 
Excavation. 

PART 2 PRODUCTS

2.1 MATERIALS GENERAL 

A. Select Subgrade Soil shall consist of fine grained silty and clayey soil material whose grain 
size distribution generally demonstrates less than five percent, by weight, shall be retained on 
the No. 4 sieve, and having properties consistent with those in the soil present in the 
glaciolacustrine or glacial till units at the SMI site.  Other materials used for select subgrade 
must be approved by the ENGINEER.    

B. All Select Subgrade Soil material shall be free of organic matter, wood, trash, and other 
objectionable substances which may be compressible, may damage geosynthetic materials or 
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which cannot be properly compacted.  It shall have physical properties such that it can be 
readily spread and compacted.  Snow, ice, and frozen soil shall not be permitted. 

C. Unless otherwise specified, Select Subgrade Soil shall be supplied by the OWNER for the 
CONTRACTOR’s use in the construction. 

PART 3 EXECUTION

3.1 PRECAUTIONS 

A. Select Subgrade Soil placement shall not: 

1. Be performed with frozen materials. 

2. Be placed on snow that has a thickness greater than a tenth of an inch. 

3. Be placed on ice.  Ice shall be defined as frozen water on the surface of in situ soils or 
previously placed material. 

B. Where Select Subgrade Soil is to be placed adjacent to a geosynthetic layer, the Select 
Subgrade Soil surface must have a smooth finish to minimize the potential for damage to the 
adjacent geosynthetic layer.  

3.2 PLACEMENT 

A. Select Subgrade Soil shall not be placed until the surface or material to be covered has been 
inspected in-place and approved by the Engineer.   

B. Select Subgrade Soil shall be brought to grade uniformly throughout the area.  The Select 
Subgrade Soils shall be placed in 12 inch compacted lifts in a manner that destroys soil clods, 
eliminates lift interfaces and prevents the formation of observable voids in the completed lifts 
or as determined by the ENGINEER.   

3.3 FIELD QUALITY ASSURANCE/QUALITYCONTROL 

A. The ENGINEER shall observe and document the placement procedures to be utilized by the 
CONTRACTOR in construction of the Select Subgrade Soil lifts.  The ENGINEER shall 
perform in-place shovel testing on select lifts as necessary to document that proper 
compaction procedures are being employed to achieve the requirements of Article 3.2B.  All 
shovel tests shall be performed throughout the full thickness of the lift(s). 

B. The ENGINEER shall perform on-site field moisture and density testing at an overall 
minimum frequency of nine (9) tests per acre per lift where Select Subgrade Soils are placed.  
The soil moisture and density measurements shall be performed using a nuclear densometer 
at a probe depth of 12 inches, the base of the lift if thinner than 12”, or as otherwise approved 
by the ENGINEER. 
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C. Prior to constructing any overlying soil or geosynthetic materials the Select Subgrade Soils 
shall be proof-rolled unless otherwise specified by the ENGINEER.  All unsuitable materials, 
as determined by the ENGINEER based on his observations, shall be removed and replaced 
with suitable material. 

D. Any areas not meeting the minimum placement requirements or that fail the proof rolling 
evaluation shall receive additional compaction, moisture adjustment or shall be removed and 
replaced with suitable material.  All reworked soils shall be re-evaluated as described above.   

END OF SECTION 
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SECTION 02222 

SUBGRADE 

PART 1 GENERAL

1.1 SECTION INCLUDES 

A. The Contractor shall furnish all labor, materials, equipment, tools and appurtenances required 
to complete the work of subgrade preparation, including grading, proof-rolling, removal of 
unsuitable material and replacement with structural fill or low permeability subgrade backfill.   

B. The CONTRACTOR shall complete other related and incidental work within the designated 
area as required for the construction of work placed above the subgrade as shown, specified 
or required by other related Sections. 

1.2 RELATED SECTIONS 

A. Section 02220 – Excavation 

B. Section 02221 – Select Subgrade Soil 

C. Section 02224 – Structural Fill 

D. Section 02276 – Soil Liner 

E. Section 02595 – Geotextiles 

F. Section 02597 – HDPE Geomembrane 

G. Section 02599 – Geocomposite Drainage Layer 

1.3 DEFINITIONS 

A. Subgrade preparation shall consist of grading the surface as shown on the Drawings, proof-
rolling the subgrade surface and removing any unsuitable material as determined by the 
Engineer. 

1.4 PROTECTION OF PEOPLE AND PROPERTY 

A. Protection of people and property shall conform to the requirements of Section 02220 - 
Excavation. 

PART 2 PRODUCTS

2.1 MATERIALS GENERAL 

A. Subgrade soils may consist of in-situ silty and clayey soils or select subgrade fill, as 
appropriate. 
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B. All unclassified structural fill and select structural fill materials shall conform to Section 
02224 - Structural Fill and are appropriate, however, for use as subgrade within the landfill, 
they must have silty and clayey characteristics.  All material shall meet the approval of the 
Engineer.  

C. Select subgrade fill soils shall consist of soil as described in Section 02221. 

D. The maximum particle size shall be no larger than six inches, or as restricted by Section 
02597 for use in contact with geomembrane, or Section 02595 for use in contact with 
geotextile. 

E. All soil materials shall be substantially free from organic matter, wood, trash, and other 
objectionable materials which may be compressible or which cannot be properly compacted.  
Soils shall not contain blocks, broken concrete, masonry rubble, or other similar materials. 
Soil shall have physical properties such that it can be readily spread and compacted to the 
specified density.  Snow, ice, and frozen soil shall not be permitted. 

2.2 TESTING 

A. The Engineer shall obtain information on in-situ subgrade soils as required to meet the 
requirements of this Section. 

B. The Contractor shall not proceed with placement of structural fill within subgrade over 
excavations until the Engineer has approved the proposed material in accordance with 
Section 02224. 

C. The Contractor shall not proceed with placement of select subgrade fill soil within subgrade 
over excavations until the Engineer has approved the proposed material in accordance with 
Section 02221. 

PART 3 EXECUTION

3.1 PRECAUTIONS 

A. Structural fill and select subgrade fill soil placement shall not: 

1. Be performed with frozen materials. 

2. Be placed on snow that has a thickness greater than a tenth of an inch. 

3. Be placed on ice.  Ice shall be defined as frozen water on the surface of in situ soils or 
previously placed material. 

B. Where the subgrade surface is to be covered by a geosynthetic layer, the subgrade must have 
a smooth surface to minimize the potential for damage to the adjacent geosynthetic layer.  
Where the subgrade surface is to be covered with a compacted soil, the surface shall be 
scarified to a roughened depth of 2”. 
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C. Subgrade under the perimeter berm shall be prepared by excavation/removal of organic rich 
and highly frost-impacted soils.   

3.2 FILLING AND COMPACTION OF SUBGRADE OVER EXCAVATION 

A. The CONTRACTOR shall complete, and the Engineer shall observe and document, proof-
rolling of the subgrade for the purpose of detecting soft or yielding areas of the subgrade.  
Soft areas shall be defined as any area that will not adequately support the placement and 
compaction of overlying soil materials, or the proper placement and/or seaming of overlying 
geosynthetics in accordance with the applicable requirements.  All soft or yielding materials 
in the subgrade shall be removed and replaced with appropriate materials as required by the 
ENGINEER.   

B. Hand-operated plate type vibratory tampers or other suitable equipment must be used in areas 
not accessible to larger compactors. 

C. The ENGINEER shall determine the proper moisture content and density for material to be 
used as fill based on geotechnical data, and the CONTRACTOR shall use compaction 
equipment and manipulate soils as required to achieve the required moisture content and 
density. 

3.3 FIELD QUALITY ASSURANCE/QUALITY CONTROL 

A. The ENGINEER shall perform on-site field moisture and density testing at an overall 
minimum frequency of nine (9) tests per acre per lift where Subgrade Soils are placed.  The 
soil moisture and density measurements shall be performed using a nuclear densometer at a 
probe depth of 12 inches, the base of the lift if thinner than 12”, or as otherwise approved by 
the ENGINEER. 

B. On trench subgrade, field density and field moisture testing shall be performed at a frequency 
determined by the ENGINEER 

C. In areas where the degree of compaction is doubtful, or the uniformity of materials is not 
maintained, additional tests shall be made as determined by the Engineer. 

END OF SECTION 
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SECTION 02223

COMMON TRENCH BACKFILL

PART 1 GENERAL

1.1 SECTION INCLUDES

A. The CONTRACTOR shall furnish all labor, materials, equipment, tools and appurtenances 
required to complete the work of placing and consolidating common trench backfill as shown, 
specified or required. 

1.2 RELATED SECTIONS

A. Section 02150 - Shoring and Bracing 

B. Section 02220 - Excavation 

C. Section 02222 - Subgrade 

D. Section 02224 - Structural Fill 

E. Section 02245 - Select Granular Backfill 

1.3 DEFINITIONS

A. Common trench backfill shall consist of furnishing material, if necessary, and placing and 
consolidating material within excavated trenches.  If the trenches are for pipes, the common 
trench backfill is placed above the select granular backfill or bedding. 

1.4 PROTECTION OF PEOPLE AND PROPERTY

A. Protection of people and property shall conform to the requirements of Section 02220 – 
Excavation and Section 02150 – Shoring and Bracing. 

PART 2 PRODUCTS

2.1 MATERIALS GENERAL

A. All common trench backfill materials shall consist of approved Type I or II structural fill 
material as described in Section 02224 - Structural Fill. 

B. The common trench backfill shall be consolidated in 12 to 18 inch thick lifts. 

C. All required fill materials shall be substantially free from organic materials, wood, trash, and 
other objectionable materials which may be compressible or which cannot be properly 
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compacted.  It shall not contain granite blocks, broken concrete, masonry rubble, or other 
similar materials. It shall have physical properties such that it can be readily spread and 
consolidated. Snow, ice, and frozen soil shall not be permitted. 

PART 3 EXECUTION

3.1 PRECAUTIONS

A. Common trench backfill placement shall not: 

1.   Be performed with frozen materials. 

2.   Be placed on snow that has a thickness greater than a tenth of an inch. 

3.   Be placed on ice.  Ice shall be defined as frozen water on the surface of in situ soils or 
previously placed material. 

3.2 BACKFILLING

A. Common trench backfill shall not be placed until the pipeline or other construction component 
has been inspected in-place and approved by the ENGINEER.  If the trench contains pipes, 
the common trench backfill is placed after the select granular backfill has been placed and 
approved by the ENGINEER. The extent of trench left open shall be kept to a minimum. 

B. Unless otherwise directed, excavations shall be backfilled as soon as possible after pipes are 
laid and the work is inspected, tested as required and accepted, and permission to backfill has 
been given by the ENGINEER.  Immediately prior to backfilling, all rubbish, debris, forms 
and similar materials shall be removed from the excavations. 

C. Where sheeting is withdrawn, all cavities left thereby shall be filled with common trench 
backfill, tamped in place so as to fill all voids thoroughly. 

D. Common trench backfill shall be brought to grade uniformly throughout the area.  The 
thickness of each compacted layer shall not exceed 18 inches or unless otherwise specified by 
the ENGINEER. 

E. All common trench backfill is to be consolidated.  After the material is placed in a lift, it is 
consolidated to eliminate excessive voids through use of hand-operated plate type vibratory 
tampers or other suitable equipment.  Construction equipment shall not operate over trench 
backfill until a minimum of 24-inches of fill is placed and compacted with approved 
compaction equipment above pipes placed in the trench. 
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3.3 FIELD QUALITY CONTROL

A. The ENGINEER shall perform on-site visual inspection of the CONTRACTOR’S compaction 
effort to determine if it is satisfactory. 

END OF SECTION 
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SECTION 02224 

STRUCTURAL FILL 

PART 1 GENERAL

1.1 SECTION INCLUDES 

A. The CONTRACTOR shall furnish all labor, equipment, tools and appurtenances required to 
complete the work of structural fill placement, grading, and other related and incidental work 
within the Landfill work area and as required for the construction of the embankments and 
other fills as shown, specified or required. 

1.2 RELATED SECTIONS 

A. Section 02220 – Excavation 

B. Section 02222 – Subgrade 

1.3 DEFINITIONS 

A. Structural fill for embankments and other fills shall consist of placing and compacting 
material where designated on the Drawings, by these specifications or by the ENGINEER. 

1.4 PROTECTION OF PEOPLE AND PROPERTY 

A. Protection of people and property shall conform to the requirements of Section 02220 - 
Excavation.  

PART 2 PRODUCTS

2.1 MATERIALS GENERAL 

A. All structural and miscellaneous fill materials shall be substantially free from organic 
materials, wood, trash, and other objectionable materials which may be compressible or 
which cannot be properly compacted. Materials shall have physical properties such that they 
can be readily spread and compacted to the specified density. Snow, ice, and frozen soil shall 
not be permitted. The structural fill material shall meet the approval of the ENGINEER. 

B. All structural fill materials shall be pre-approved by the ENGINEER prior to delivery to the 
site. It is the CONTRACTOR’S responsibility to test Structural Fill materials in accordance 
with the technical requirements for the specific material and submit data to the OWNER and 
ENGINEER for pre-approval, if any materials are supplied by CONTRACTOR. 

C. Structural Fill shall be supplied by the OWNER on-site for use by the CONTRACTOR in the 
construction. 

2.2 STRUCTURAL FILL MATERIALS 

A. The CONTRACTOR shall not place structural fill prior to the availability of geotechnical 
testing, and only after review of soil analysis and approval of the soil source by the 
ENGINEER. Soil from a new source location shall not be included in the work prior to the 
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written acceptance of testing by the ENGINEER. Should unstable soils be encountered in the 
work, no further material shall be placed in the area in question without the approval of the 
ENGINEER. 

B. Type I Structural Fill – The soil material used for Type I structural fill as shown on the 
drawings is intended for use in non-critical functions such as screening/vegetated berms. 
Type I structural fill shall be placed on a maximum slope of 3H:1V and maximum height of 
15 feet above surrounding ground surface. 

C. Type II Structural Fill – Type II structural fill is typically used in the construction of landfill-
related earthwork, including embankments, retention ponds and backfill. Four types of Type 
II structural fill shall be specified: 

1. Type II.A Structural Fill – “Unclassified Structural Fill” - The soil material used for 
unclassified structural fill as shown in the Drawings shall be placed at a minimum dry 
density and maximum moisture content as determined by the pre-construction testing to 
achieve a minimum drained shear strength described by an effective phi angle of 30 
degrees within a normal stress range of 500 to 4000 pounds per square foot (psf) (Figure 
2-1).  

2. Type II.B Select Compacted Fill - The soil material used in the construction of the select 
compacted fill within the outside slope zone indicated on the Drawings shall achieve the 
minimum dry density and maximum moisture content as determined by the pre-
construction testing to achieve a minimum drained shear strength required for the 
application. 

3. Type II.C. Structural Fill intentionally left blank. 

4. Type II D Compacted Fill – Where specified, soil material used for subgrade backfill to 
replace soft soil removed from below design subgrade elevations, shall be placed at a dry 
density of at least 90 percent of the material’s modified Proctor maximum dry density, or 
as otherwise specified by the ENGINEER.  

D. Type III Structural Fill – “Shale Fill” - Type III structural fill will consist of an oversize, 
well-graded shale material. The shale will consist of a relatively durable, 18-inch minus, 
well-graded, shot rock. Type III structural fill may only be used as a substitute for Type II 
structural fill following review and approval of the intended use and location by the 
ENGINEER. 

E. Type IV Structural Fill – Crushed Rock – Type IV structural fill will consist of an oversize 
well-graded crushed stone material obtained from rock blasting and crushing operations.  The 
crushed stone will consist of a durable, 24-inch minus, well-graded shot rock and/or crushed 
stone product.  The specific gradation and function must be approved by the ENGINEER 
prior to use. Type IV structural fill may only be used as a substitute for Type II.A or B fill 
following review and approval of the intended use and location by the ENGINEER.  

F. The CONTRACTOR shall provide the following information for approval by the 
ENGINEER for all structural fill soils. This information consists of the following: 
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Structural Fill 
Pre-Qualification Testing Requirements 

Moisture Content   ASTM D2216 
Grain Size   ASTM D422 
Atterberg Limits  ASTM D4318 
Modified Proctor   ASTM D1557 
C.U. Triaxial Compression  ASTM D2850/D4767 
(with pore pressure) 

2.3 MISCELLANEOUS FILL MATERIALS 

A. Miscellaneous fill shall include the following materials: 

1. Light Stone Fill per New York State Department of Transportation (NYSDOT) 
Standard Specification 620.03; gradation per Table 733-21. 

2. Bedding Layer Stone per NYSDOT Standard Specification 620-2.05, Item No. 620.08.  
Material meeting NYSDOT Standard Specification 733-23, table 733-23A. 

3. Stone Filter Layer per NYSDOT Standard Specification 304, Item No. 304.14.  Material 
meeting NYSDOT Standard Specification 733-04, Table 733-04A, Type 4. 

4. Culvert bedding material per NYSDOT Standard Specification 703-02, Table 703-04, 
Size no. 1. 

5. Rip-rap culvert outlet protection, size D50 = 6 inches, specific gravity >2.5, maximum 
stone size no greater than 1.5 times D50, hard, durable stone. 

6. Topsoil shall be a friable loam reasonably free of roots, rocks larger than ½ inch, 
subsoil, debris, large weeds, and foreign matter, having neutral pH (typically between 
5.5-7.5), conductivity of 0.5 millimhos per centimeter or less, and containing minimum 
of 2.75 percent organic matter. 

B. All miscellaneous fill shall be provided by CONTRACTOR. 

PART 3 EXECUTION

3.1 PRECAUTIONS 

A. Structural and miscellaneous fill placement and compaction shall not: 

1. Be performed with materials that are frozen. 

2. Be performed on snow that has a thickness greater than a tenth of an inch. 

3. Be performed on ice. Ice shall be defined as frozen water on the surface of in situ soils 
or previously placed material. Note that any soil lift that has been compacted in an 
unfrozen state, has been tested and accepted by the ENGINEER, and subsequently 
frozen may be covered with a lift of unfrozen material, but only as determined by the 
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ENGINEER on a case-by-case basis.  Frozen material not deemed suitable to remain, 
must be removed by the CONTRACTOR.  

3.2 PLACEMENT AND COMPACTION OF STRUCTURAL FILL 

3.2.1 Types I & II Structural Fill 

A. Prior to placement of the structural fill, the subgrade shall be prepared in accordance with 
Section 02222 – Subgrade.  

B. The CONTRACTOR is encouraged to excavate and deliver the structural fill soils to the 
point of use in such a manner as to minimize the mixing of the various strata within the 
source area. Soil stratum are typically sampled as unmixed sources for the purpose of 
compaction control and testing. In the event the CONTRACTOR wishes to employ active 
soil stratum mixing to address site conditions, the CONTRACTOR shall propose a method of 
soil mixing to the ENGINEER such that representative sampling strategies can be employed. 

C. The CONTRACTOR shall place and compact the structural fill in a series of lifts to form a 
uniform upper surface to the lines and grades as shown on the Drawings. The upper surface 
of each lift shall be scarified in order to provide proper adhesion to subsequently placed lifts 
of structural fill. Each lift shall be cleared of any roots, garbage or other deleterious materials 
prior to compaction. Except as noted in D. (below), each lift thickness shall be twelve (12) 
inches maximum after the lift is compacted unless otherwise approved by the ENGINEER 
based on the results of a test pad program.   

D. Placement and compaction of structural fill materials over geosynthetics shall be performed 
in minimum 12-inch lifts.     

E. At the discretion of the CONTRACTOR prior to commencement of compacted fill 
construction that may differ from any requirements of this Specification, the 
CONTRACTOR may complete a test pad utilizing the soils, equipment and placement 
techniques proposed for use in the project. The ENGINEER shall observe, measure, sample 
and evaluate the test pad construction as required to establish the appropriate means and 
methods, including lift thickness, that are required to obtain the proper engineering properties 
of the structural fill soils.  ENGINEER shall approve placement techniques and lift thickness 
prior to continued placement. 

F. Structural fill shall be placed in well-drained "horizontal" lifts. The CONTRACTOR is 
responsible for maintaining the surface of the structural fill to prevent ponding or other 
conditions that will lead to degradation of materials. The CONTRACTOR shall drain areas 
of completed lifts that accumulate standing water, scarify, and dry as necessary for re-
compaction. Fill materials that become soft or overly moist will not be incorporated within 
the final embankment or fill layer. 

G. All structural fill is to be compacted. The density and moisture content of all structural fill 
shall be consistent with the requirements established by the ENGINEER based on his review 
of the geotechnical test results. The moisture content of the structural fill material shall be 
manipulated by the CONTRACTOR such that proper soil density and surface uniformity 
shall be obtained. 
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H. Compaction equipment used shall be a sheepsfoot type, or have segmented pad feet.  A 
smooth drum roller may be used for compaction as approved by the ENGINEER.  Hauling 
and spreading equipment shall not be considered as primary compaction equipment. Hand-
operated plate type vibratory tampers or other suitable equipment must be used in areas not 
accessible to larger compactors.  

I. The CONTRACTOR is responsible for achieving the appropriate in-situ dry density and 
moisture content. The CONTRACTOR is responsible for staging and/or manipulation of the 
excavation and structural fill placement that will allow the soils to reach the moisture content 
required to meet the specifications.   

3.2.2 Types III and IV Structural Fill 

A. Type III or IV structural fill will be placed with a D6 (or larger) dozer that passes over the 
material a minimum of 4 times with full track coverage. Pieces larger than 18 inches (for 
Type III) and 24 inches (for Type IV) will be removed from the fill zone. Field quality 
control/quality assurance will consist of direct observations by the Construction inspector 
regarding the presence of oversize materials, grading and visual assessment of compaction. 
Additional passes by the dozer will be performed if necessary. 

3.3 PLACEMENT AND COMPACTION OF MISCELLANEOUS FILL 

A. Place and compact stone fill to minimize voids, and distribute material uniformly and without 
segregation of material. 

B. Tamp stone fill to a stable condition with equipment approved by the ENGINEER. 

C. Bedding around culvert pipe shall be fully tamped below the springline to fully support pipe. 

D. Topsoil shall be placed: 

1. Minimum 6” loose thickness. 

2. Lightly roll, do not over-compact. 

3. Place only when moisture content is appropriate to work the soil. 

4. Place in all disturbed areas requiring restoration with vegetation, per the DRAWINGS. 

3.4 FIELD QUALITY CONTROL/QUALITY ASSURANCE 

A. The engineering properties for the structural fill shall be established and confirmed 
throughout the project work by laboratory testing. Quality assurance laboratory testing shall 
be performed in accordance with the following: 

Test   Frequency   Method 
Moisture Content  1/50,000 cyd  ASTM D2216 
Modified Proctor   1/50,000 cyd   ASTM D1557 
Grain Size Distribution 1/50,000 cyd   ASTM D422 
 (w/hydrometer)  
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Atterberg Limits Test   1/50,000 cyd   ASTM D4318 
C.U. Triaxial Compression  1/50,000 cyd   ASTM D2850/D4767 
(with pore pressure) 

The testing protocol for the C.U. Triaxial Compression testing is as follows: 
 Normal Load: 2 tsf, 1 tsf, 0.5 tsf 
 Moisture/Density: Based upon field conditions 
 Strain Rate: 0.0040 in/min 
 Pore Pressure Measurements 

Additional tests may be performed at the discretion of the ENGINEER. The specified test 
program must be completed on soils encountered in the excavation that are not representative 
of the available test results. 

B. The ENGINEER is to perform on-site field moisture and density testing at a minimum 
frequency of nine (9) tests per acre per lift over the entire area of structural fill placement. 
For subgrade on perimeter and floor undercuts, nine (9) tests per acre shall be performed.  
The field density and field moisture test coverage shall include at a minimum, at least one 
test for every lift of structural fill. The field density and moisture test shall be D6938. The 
field test will be performed using a probe depth of 12 inches, unless otherwise stated or 
approved by the ENGINEER. 

C. The ENGINEER shall perform and document checks for moisture correction on each source 
of structural fill soil. A check for moisture correction shall be performed on any new soil 
sources to be used for structural fill. Additional checks for moisture correction should be 
performed when there is a change in soil type. 

D. Structural fill moisture and density tests are required to exhibit a minimum dry density and 
maximum moisture content as determined by the ENGINEER.  

E. For reinforced earth berm construction (if required), Unclassified Structural Fill soils must be 
placed at moisture content sufficiently low to prevent pumping and rutting greater than 2 
inches in depth. 

F. Any areas not meeting the specified moisture content and dry density will receive additional 
compaction; or be reworked and re-compacted; or be removed, replaced and re-compacted; 
and retested until a passing test is achieved at every test point. All retests will be performed 
within five feet of the original failed test location. 

G. CONTRACTOR shall test topsoil for pH, salinity and nutrients, and provide results to the 
ENGINEER for approval, along with recommendations for amendments and fertilizer.  
Topsoil shall be certified clean material. 

H. CONTRACTOR shall provide gradation of stone fill materials and rip-rap prior to delivery to 
the site, for the ENGINEER’s approval. Stone materials shall be certified clean fill or from a 
documented virgin source. 

END OF SECTION
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SECTION 02226

LOW PERMEABILITY BACKFILL

PART 1 GENERAL

1.1 SECTION INCLUDES

A. The CONTRACTOR shall furnish all labor, materials, equipment, tools and appurtenances 
required to complete the work of low permeability backfill placement, grading and compaction 
as shown on the Design Drawings. 

1.2 RELATED SECTIONS

A. Section 02150 - Shoring and Bracing 

B. Section 02220 – Excavation 

C. Section 02223 - Common Trench Backfill 

D. Section 02224 - Structural Fill 

E. Section 02276 - Soil Liner 

1.3 DEFINITIONS

A.   Low permeability backfill shall consist of furnishing source material, placing and compacting 
the material where designated on the Drawings, or by the ENGINEER. 

1.4 PROTECTION OF PEOPLE AND PROPERTY

A.   Protection of people and property shall conform to the requirements of Section 02220 – 
Excavation and Section 02150 – Shoring and Bracing. 

PART 2 PRODUCTS

2.1 MATERIALS GENERAL

A. All low permeability backfill materials shall consist of fine grained soils with no more than 
5% by weight retained on the No. 4 sieve (95% passing #4 sieve).  The material shall be 
substantially free from organic matter, wood, trash, and other objectionable substances which 
may be compressible or which cannot be properly compacted.  It shall have physical properties 
such that it can be readily spread and compacted.  Snow, ice, and frozen soil shall not be 
permitted. 
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B. The maximum particle size shall be no larger than three inches. 

C. All low permeability backfill materials for the Area 7 Development Cell #1 must consist of 
soils with silty and clayey characteristics. 

2.2 SOIL

A. Soil to be used for low permeability backfill shall be approved for such use by the 
ENGINEER. 

B. Available test data shall be supplied by the CONTRACTOR to the ENGINEER for the 
following tests: grain size distribution, liquid and plastic limits, Modified Proctor moisture 
density relationship and remolded permeability. 

C. The CONTRACTOR shall not place low permeability backfill prior to the ENGINEERS 
review and approval of the available test data.  Depending on the test results, the ENGINEER 
shall accept or reject the soil, or require further testing. 

D. The first lift of low permeability backfill used adjacent to a geosynthetic material shall be 
reasonably free of stone or rock particles greater than 1 inch. 

2.3 TESTING

A.   The CONTRACTOR shall submit to the ENGINEER for approval suitable evidence that the 
soils proposed for low permeability backfill are appropriate. This information is to be provided 
for each individual low permeability backfill source, or when in the opinion of the 
ENGINEER, the material is different in any way from the originally tested and approved 
material.  This evidence shall include, but not necessarily be limited to, the following testing. 

Grain Size ASTM D422 

Atterberg (liquid and plastic) Limits ASTM D4318 

Modified Proctor ASTM D1557 

Recompacted Permeability EM-1110-2-1906 

B.  If in the opinion of the ENGINEER based on his review of the available data, the 
CONTRACTOR'S soil is unsuitable for the proposed application, the CONTRACTOR shall 
submit the above evidence for soil of another type or from another source for consideration 
by the ENGINEER. 

PART 3 EXECUTION

3.1 PRECAUTIONS

A.  Low permeability backfill placement shall not: 
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1. Be performed with frozen materials. 

2. Be placed on snow that has a thickness greater than a tenth of an inch. 

3. Be placed on ice.  Ice shall be defined as frozen water on the surface of in situ soils or 
previously placed material. 

3.2 COMPACTION OF LOW PERMEABILITY BACKFILL

A.  Fill shall be brought to grade uniformly throughout the area and compacted.  Hand-operated 
plate type vibratory tampers or other suitable equipment must be used in areas not accessible 
to larger compactors. 

B.  The thickness of each compacted lift shall be 12 inches and shall not exceed 14 inches,   unless 
otherwise specified by the ENGINEER. 

C.  The low permeability backfill shall be placed in a manner that destroys soil clods, eliminates 
lift interfaces and prevents the formation of observable voids in the completed lifts as 
determined by the ENGINEER. 

3.3 FIELD QUALITY ASSURANCE/QUALITY CONTROL

A.   The ENGINEER shall observe and document the placement procedures to be utilized by the 
CONTRACTOR in construction of the low permeability backfill.  The ENGINEER shall 
perform in-place shovel testing on select lifts at a rate sufficient to document that proper 
compaction procedures are being employed to achieve the requirements of Article 3.2C.  All 
shovel tests shall be performed throughout the full thickness of the lift(s). 

B.   In-place soil moisture and density testing and/or Shelby tube undisturbed sampling within low 
permeability backfill materials may be performed at a frequency determined by the 
ENGINEER.  In-place soil moisture and density testing within low permeability backfill will 
be compared to the moisture-density-permeability window for the soil as determined by the 
ENGINEER. 

C.  Any areas not meeting the specified compaction or uniformity requirements will receive 
additional compaction; or be reworked and recompacted; or be removed, replaced and 
recompacted; and retested until acceptable results are achieved throughout the backfill.  All 
retests will be performed within five feet of the original failed test location. 

END OF SECTION 
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SECTION 02235 

SOIL SUITABLE FOR VEGETATIVE GROWTH 

PART 1 GENERAL

1.1 SCOPE 

A. The CONTRACTOR shall furnish all labor, materials, equipment, tools, and appurtenances 
required to complete the work of placing topsoil in all areas of the Work requiring topsoil, 
including but not limited to the  Final cover, cover repair areas, outside the double composite 
liner anchor trench, grassed drainage swales, stockpile restoration, as shown on the Construction 
Plans, all disturbed areas in accordance with the site SWPPP, and as directed by the ENGINEER. 

1.2 RELATED SECTIONS 

A. Section 02937 – Seeding and Site Restoration  

B. Section 02590 – Rolled Erosion Control Product 

PART 2 PRODUCTS

2.1 TOPSOIL 

A. Topsoil shall be the surface layer of soil with no admixture of refuse or material toxic to plant 
growth. 

B. All cover areas with soil surface, all disturbed areas, all areas designated on the Construction 
Plans or as ordered by the ENGINEER shall be prepared for planting operations by scarifying 
and raking the subgrade, spreading and amending the topsoil if necessary to complete the work, 
and fine grading by raking, compacting and otherwise manipulating the soil to form draining 
grades. 

C. Topsoil shall be free from subsoil, stumps, roots, brush, stones, clay, lumps or similar objects 
larger than 2 inches in greater diameter.  The organic content shall not be less than 5 percent, nor 
more than 20 percent as determined by loss on ignition of moisture-free samples dried at 100 oC.   

D. CONTRACTOR may be required to employ means and methods to remove oversize and/or 
objectionable material. 

2.2 EROSION CONTROL BLANKET 

A. Erosion control blanket, if required, shall comply with Section 02590, Rolled Erosion Control 
Products.  
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PART 3 EXECUTION

3.1 TOPSOIL INSTALLATION 

A. No topsoil shall be spread until the barrier protection layer elevations and the topsoil have been 
approved by the ENGINEER. 

B. Topsoil shall be spread over the prepared and approved subgrade in sufficient quantity to obtain 
a minimum installed layer of 6 inches.  All sticks, roots, brush, wire, masonry, and all stones 
larger than 2-inch and other extraneous matter shall be removed from topsoil by rakings, 
including hand raking, as may be required, or other approved method.  Topsoil shall be raked, 
tracked, and otherwise manipulated to form, after placement, smooth draining grades as shown 
on the Construction Plans. 

C. All topsoil areas shall be protected against trespassing and damage at all times. 

D. CONTRACTOR shall take all necessary steps to protect slopes from damage due to erosion, 
settlement of backfill, or other causes.  Topsoil areas damaged shall be promptly repaired to the 
satisfaction of the ENGINEER. 

E. Care shall be taken to prevent any erosion of this material, particularly if stockpiles are to remain 
during the winter season.  Any loss of this material due to erosion shall be replaced by 
CONTRACTOR.  Likewise, any clean-up due to silting or damage resulting from the 
above-mentioned erosion shall be the entire responsibility of the CONTRACTOR with no costs 
to be incurred by the OWNER. 

3.2 INSTALLING EROSION CONTROL BLANKET 

A. Erosion control blanket shall be placed after liming, fertilizing, and seeding as shown on the 
Construction Plans. 

B. Blanket shall be overlapped and anchored in accordance with manufacturer’s recommendations. 

3.3 WARRANTY 

A. The CONTRACTOR shall issue a warranty on the installation of seeding for a minimum 
period of 1-year. 

END OF SECTION
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SECTION 02236 

BARRIER PROTECTION SOIL LAYER  

PART 1 GENERAL

1.1 SECTION INCLUDES 

A. The CONTRACTOR shall furnish all labor, materials, equipment, tools and appurtenances 
required to complete the work of supplying, placing and compacting material for the barrier 
protection soil layer as shown, specified or required. 

B. Barrier Protection Layer refers to material placed over geosynthetic and soil final cover 
systems.   

1.2 RELATED SECTIONS 

A. Section 02277 – Test Pad 

B. Section 02235 – Topsoil 

C. Section 02598 – Linear Low Density Polyethylene 

D. Section 02595 – Geotextiles 

E. Section 02599 – Geocomposite Drainage Layer 

F. Section 02937 – Seeding and Site Restoration 

1.3 TOLERANCES 

A. The minimum thickness of the barrier protection soil layer shall be 24 inches.  The thickness 
tolerance for the barrier protection soil layer shall be +3 inches. 

B. The maximum slope for the barrier protection soil layer shall be 3 horizontal (H) to 1 vertical 
(V) or 33.3 percent.  The minimum slope for the barrier protection soil layer shall be 4%. 

C. The maximum acceptable compacted lift thickness for the barrier protection soil layer is 
12 inches.   

1.4 DELIVERY, STORAGE AND HANDLING 

A. All soil designated for use in the barrier protection soil layer shall be delivered, stored, and 
handled in a manner that will prevent contamination by other soils or deleterious materials. 
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PART 2 PRODUCTS

2.1 SOIL OVER GEOSYNTHETIC COVER SYSTEMS 

A. The barrier protection soil layer shall be constructed with natural fine grained cohesive soils 
obtained from an approved and permitted on- or off-site source.  The governing characteristic 
shall be that the soil is capable of achieving and maintaining the required permeability 
specified by the Engineer.  Natural clayey soil means a fine-grained soil containing sufficient 
plastic fines on the order of 20 percent or greater such that the soil acts as a clay, and will 
readily achieve the specified maximum permeability requirements.  The soil is typically 
classified as a CL or CH (Unified Soil Classification System), with a liquid limit between 
25 and 50, placed above the A-line on the plasticity chart and a minimum plastic index of 10; 
however, the governing characteristic shall be that the soil is capable of achieving and 
maintaining the required permeability and interface characteristics 

B. All barrier protection soil material shall be free from organic matter, wood, trash, and other 
objectionable substances which may be compressible or which cannot be properly 
compacted.  It shall not contain blocks, broken concrete, masonry rubble or other similar 
materials.  It shall have physical properties such that it can be readily spread and compacted 
to achieve the specified permeability.  Snow, ice, and frozen soil shall not be permitted. 

C. The soil shall be free of any sharp objects which could tear, puncture, or otherwise damage 
underlying geosynthetics. 

PART 3 EXECUTION

3.1 INSTALLATION OVER GEOSYNTHETIC COVER SYSTEMS 

A. The permeability of the top 6 inches of the in-place barrier protection soil layer shall not 
exceed 1 x 10-5 cm/sec.  

B. Barrier protection soil shall be placed and graded to a uniform lift thickness no greater than 
12-inches in accordance with this Section unless a Test Pad (Section 02277) is completed 
showing that project specifications can be met with alternative lift thicknesses.  The barrier 
protection soil shall be placed to 90% of the material’s standard Proctor maximum dry 
density. Placement and grading shall be performed, in a manner that results in a uniformly 
dense soil structure, properly controls moisture content, lift thickness and eliminates lift 
interfaces.  The CONTRACTOR shall use equipment that can meet the project requirements 
without damaging or impacting the ability of the geosynthetics or drainage system from 
performing as designed. The engineer shall, at his discretion, test the density of the soil to 
confirm conformance with the maximum permeability using a moisture density relation curve. 

C. The CONTRACTOR shall continue to place the barrier protection soil layer to form a uniform 
upper surface to the requirements of the grading.  The upper surface of each lift shall be 
scarified, dried or hydrated when required, as determined by the ENGINEER, to provide proper 
adhesion and bonding to subsequently placed lifts. 
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D. Barrier protection layer soil must be placed from low to high.  Material cannot be pushed down 
slope.  Equipment used to place barrier protection soil must be operated in a manner that 
minimizes excessive speed and braking.   

E. The barrier protection soil layer shall be placed so as to minimize ponding of rainfall and 
runoff during the construction effort.  Where ponding has occurred, the CONTRACTOR shall 
remove the excess water prior to continuing soil placement operations in those areas.  Any soil 
material that has become too wet for proper placement and compaction shall be removed and/or 
dried prior to placement of additional material. 

F. The barrier protection soil lifts shall be placed and finished to a uniform appearance.  
Desiccation cracks in excess of 6-inches on any lift will be reworked and moisture/density field 
tests will be performed and/or Shelby tube/block samples obtained at the discretion of the 
ENGINEER.  Desiccation of the barrier protection soil layer shall be prevented by covering 
completed areas with additional lifts or the 6-inch thick Soil Suitable for Vegetative Growth as 
soon as practical after acceptance by the ENGINEER. 

G. The CONTRACTOR shall limit vehicular traffic or equipment operation on completed barrier 
protection soil layer areas except as required for redressing or placement of the overlying soils.     

H. No barrier protection soil layer material shall be placed in a frozen state, or on any material that 
has become frozen.  All frozen material shall be completely removed prior to placement of 
additional barrier protection soil. 

I. In-place barrier protection soil which fails to meet the specified thickness or permeability 
requirements, or exhibits excessive cracking as defined above, or other damage prior to 
covering by overlying soils shall be reworked, or removed and replaced by the CONTRACTOR 
according to the Specifications. 

J. Drainage swales and pipes must be placed concurrently with barrier protection layer soil.  In no 
case shall barrier protection layer soil be placed without the associated drainage swales and 
pipes.   

3.2 QUALITY CONTROL/QUALITY ASSURANCE 

A. This section applies to barrier protection layer soils placed over geosynthetics. 

B. The ENGINEER shall maintain a construction control grid having defined positions across 
the construction area.  All aspects of construction shall be defined by the control grid, 
including but not limited to, moisture-density test locations, Shelby tube (or other) sample 
locations, soil placement areas, tops and toes of slope, clean-out risers, berms, manholes, 
roadways and culverts.  The construction control grid shall be established in rectangular 
coordinates, and lie in the same orientation as the site grid. 

C. The CONTRACTOR shall submit to the ENGINEER, for his approval, evidence that the 
proposed barrier protection soil material meets the requirements of this Specification.  This 
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evidence shall include, but not necessarily be limited to, the following test results performed 
on at least one sample from each proposed borrow source: 

Atterberg Limits  ASTM D4318 
Grain Size Distribution  ASTM D422 
Moisture Content  ASTM D2216 
Standard Proctor  ASTM D698 
Recompacted Permeability    USACOE EM 1110-2-1906 

D. Upon approval of the CONTRACTOR’s Quality Control soil test data (Section 3.2C, above), 
the ENGINEER shall obtain additional samples for conformance testing.  Initial quality 
assurance laboratory testing of barrier protection soil material shall be performed in 
accordance with the following: 

Test/Method 
Grain Size Distribution  1/7,500 cyd 
Moisture-Density Relation  1/15,000 cyd 
Atterberg Limits 1/7,500 cyd 
Moisture Content  1/7,500 cyd 
Recompacted Permeability 1/20,000 cyd 

E. Based on the consistency of the data obtained, the ENGINEER may elect to reduce the 
sampling frequencies of materials used for at least one construction season.   

F. Upon receipt of the initial conformance test data, the CONTRACTOR shall construct a test pad 
under the observation of the ENGINEER to verify that the CONTACTOR’S proposed 
compaction equipment and methods (e.g., number of passes by compaction equipment) are 
capable of achieving the specified compaction (Section 3.1.B of this specification) and 
permeability (Section 3.1.A of this specification) requirements.  

1. The test pad shall be constructed in accordance with applicable requirements of 
Specification 0227 – Test Pad. 

2. Once satisfactory results are obtained from the barrier protection layer test pad, the 
CONTRACTOR shall proceed with barrier protection layer construction using the same 
compaction equipment and methods as were used in the test pad construction. 

3. Any changes to the CONTRACTOR’s compaction equipment and/or methods and/or soil 
properties, as determined by the ENGINEER, shall require demonstration via another test 
pad. 

4. With the consent of the ENGINEER, the test pad may be constructed within the limits of 
and be accepted as part of the final cover system. 

G. If the ENGINEER determines that soil delivered to the project varies significantly from the soil 
approved for use, or material is obtained from an alternate source, additional sampling and 
testing shall be performed by the ENGINEER. 
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H. During the course of construction, the ENGINEER shall modify the 
moisture-density/permeability relationship and acceptance window as appropriate, based on the 
results of the moisture, density and permeability QA data.   

I. Field moisture-density testing shall be performed at a rate of not less than one test for each day 
of barrier protection layer placement, and at least 1 test per acre per 12-inch thickness of barrier 
protection material, using a nuclear moisture-density gauge.  Test locations must be 
proportionately distributed throughout the soil liner.  Prior to leaving the test area, each test 
location shall be plotted by the Construction Observer on a plan of the work area illustrating the 
construction control grid.  The Construction Observer shall also plot the dry density and 
moisture content values on a plot of the moisture-density-permeability acceptance window.  
Failing test results are those that plot outside the acceptance window, and shall not be accepted 
by the ENGINEER.    Any area determined to have unacceptable moisture or density test results 
shall be reworked (further compact and/or hydrate), or removed and replaced as directed by the 
ENGINEER 

J. Moisture- density tests shall be taken through the full depth of the lift, except where an initial 
12 inch lift is placed over a geosynthetic layer, at which time the test depth shall be 6 inches. If 
an alternate lift thickness is approved, moisture-density tests are still required through the full 
depth of the lift. 

K. The ENGINEER may direct the CONTRACTOR to collect Shelby tube samples from 
constructed barrier protection layer areas to confirm that the specified permeability 
requirements are being achieved. If directed, the CONTRACTOR shall collect samples in the 
locations selected by the ENGINEER.  The CONTRACTOR shall rework, or remove and 
replace as directed by the ENGINEER, any material with a permeability greater than 1 x 10-5 

cm/sec. 

L. The CONTRACTOR shall provide the heavy equipment required for Shelby tube/block 
sampling (if performed) including, but not limited to, a bulldozer and operator and shall assist 
and cooperate with the ENGINEER for all sampling and testing activities.  If required, the 
CONTRACTOR shall restrict operations in designated areas to allow for additional testing 
(moisture- density and permeability). 

M. All penetrations of the barrier protection layer resulting from nuclear moisture-density testing 
and Shelby tube sampling (if performed) shall be sealed using a bentonite/soil mixture approved 
by the ENGINEER.  The CONTRACTOR shall backfill block sample excavations (if 
performed) with barrier protection layer material, and compact the soil using the same 
procedures required during initial placement. 

N. All barrier protection layer soil that, after placement and prior to covering, is determined by the 
ENGINEER to be unsuitable (i.e., too wet, too dry, excessive cracking or otherwise 
compromised), shall be repaired by the CONTRACTOR to the satisfaction of the ENGINEER 
and in conformance with all the provisions of these Specifications. 

END OF SECTION 
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SECTION 02245

SELECT GRANULAR BACKFILL

PART 1 GENERAL

1.1 SECTION INCLUDES

A. The CONTRACTOR shall furnish all labor, materials, equipment, tools, and appurtenances 
required to complete the work of furnishing, placing, and grading the select granular backfill 
as shown, specified, or required. 

1.2 RELATED SECTIONS

A. Section 02150 - Shoring and Bracing 

B. Section 02220 - Excavation 

C. Section 02222 – Subgrade 

D. Section 02223 - Common Trench Backfill 

E. Section 02224 - Structural Fill 

F. Section 02660 - HDPE Pipe 

1.3 DEFINITIONS

A. Select granular backfill shall consist of furnishing material, placing, and compacting material 
within excavated areas, as shown on the Drawings or as directed by the ENGINEER. 

1.4 PROTECTION OF PEOPLE AND PROPERTY

A. Protection of people and property shall conform to the requirements of Section 02220 – 
Excavation and Section 02150 - Shoring and Bracing. 

PART 2    PRODUCTS

2.1 MATERIALS GENERAL

A. All select granular backfill materials, unless otherwise specified, shall consist of a well-
graded, clean, sound, durable stone. 

B. All required backfill materials shall be substantially free from organic materials, wood, trash, 
and other objectionable materials which may be compressible or which cannot be properly 
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compacted.  It shall not contain granite blocks, broken concrete, masonry rubble, or other 
similar materials. It shall have physical properties such that it can be readily spread and 
compacted.  Snow, ice, and frozen soil shall not be permitted. 

C. The gradation requirements for the select granular backfill are as follows: 

SIEVE SIZE DESIGNATION PERCENT PASSING BY WEIGHT

2 inch 100 

¼ inch 25 to 60 

#40 5 to 40 

#200 0 to 10 

2.2 TESTING

A. The CONTRACTOR shall submit to the ENGINEER for approval suitable evidence that any 
soils proposed for select granular backfill are appropriate.  This information is to be provided 
for each individual select granular backfill source or when in the opinion of the ENGINEER 
the material is different in any way from the originally tested and approved material.  This 
evidence shall include, but not necessarily be limited to a grain size analysis (ASTM D422). 

B. The CONTRACTOR shall not proceed with select granular backfill operations until the 
ENGINEER has approved the proposed material. 

C. If in the opinion of the ENGINEER the CONTRACTOR’S proposed material is unsuitable 
for the proposed application, the CONTRACTOR shall submit the above evidence for material 
of another type or from another source for consideration by the ENGINEER. 

PART 3  EXECUTION

3.1 PRECAUTIONS

A. Select granular backfill placement shall not: 

1. Be performed with frozen materials. 

2. Be placed on snow that has a thickness greater than a tenth of an inch. 

3. Be placed on ice. Ice shall be defined as frozen water on the surface of in situ soils 
or previously placed material. 
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3.2 TRENCH BACKFILL PROCEDURES

A. Pipes shall be bedded and backfilled as shown in the Drawings or as directed by the 
ENGINEER.  Care shall be taken to place and compact material under pipe haunches.  Backfill 
shall not be placed until the structure, pipeline, or other construction component has been 
inspected in place and approved.  The extent of pipe trench left open shall be kept to a 
minimum.  Immediately prior to backfilling, all rubbish, debris, forms, and similar materials 
shall be removed from the excavations. 

B. Trenches shall be backfilled to a depth of not less than 12 inches above the top of the pipe, for 
the full width of the trench.  Such backfill shall be uniformly placed in 6-inch maximum layers.  
Care shall be taken not to damage the pipe.  Each layer shall be hand tamped and compacted 
before the next layer is placed.  After the trench has been backfilled to 12 inches above the 
top of the pipe, common trench backfill may then be placed and compacted. 

C. For backfilling HDPE pipes, the CONTRACTOR shall supply and install a copper tracing 
wire on top of the pipe and/or a locating tape placed on the select granular backfill 12 inches 
above the top of the pipe. 

D. The trenches shall only be partially backfilled for pressure testing of the HDPE pipes.  The 
tests shall be made when the pipe is partially backfilled at the center of each pipe length 
leaving the joints exposed.   The tests shall be made a second time when the trench has been 
completely backfilled to ensure proper connections. 

3.3 FIELD QUALITY CONTROL

A. The ENGINEER shall perform on-site visual inspection of the CONTRACTOR’S compaction 
effort to determine if it is satisfactory. 

END OF SECTION 
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SECTION 02271

STONE RIPRAP 

PART 1 GENERAL

1.1 SECTION INCLUDES

A. The CONTRACTOR shall furnish all labor, materials, equipment, tools and appurtenances 
required to complete the installation and placing of stone riprap, complete with appurtenances, 
as shown, specified or required. 

B. Riprap shall consist of stone fitted and placed in surface water conveyance channels in order to 
provide protection against erosion. 

C. Grouted riprap shall consist of riprap embedded in grout to provide additional protection against 
scour and erosion in locations where stone riprap alone and/or gabions would not provide 
sufficient long-term protection, as specified in the Drawings. 

1.2 RELATED SECTIONS

A. Section 02220 – Excavation 

B. Section 02232 – Bedding and Backfill 

C. Section 02595 – Geotextile 

1.3 REFERENCES

A. American Society for Testing and Materials (ASTM): 

1. C535 Standard Test Method for Resistance to Degradation of Large-Size Coarse 
Aggregate by Abrasion and Impact in the Los Angeles Machine 

2. C127 Standard Test Method for Density, Specific Gravity and Absorption of Coarse 
Aggregate 

3. D422 Standard Test Method for Particle-Size Analysis of Soils 

B. American Association for State Highway and Transportation Officials (AASHTO): 

1. T103 Soundness of Aggregates by Freezing and Thawing 
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C. New York State Department of Transportation (NYSDOT) 

1. Standard Specifications for Construction and Materials 

D. National Resources Conservation Service 

1. NEH Construction Specification 62 – Grouted Riprap 

1.4 DEFINITIONS

A. Minimum Value – Property value representing the lowest individual allowable result when 
tested according to the specified test method.  This applies to individual readings such as 
thickness or for tests where only one specimen is tested for the specified parameter. 

1.5 SUBMITTALS

A. The CONTRACTOR shall submit to the ENGINEER all items described in subsequent 
sections as outlined by the following schedule: 

1. Certified test reports for testing required under Part 2 of this Section. Test reports shall be 
submitted a minimum of 3 weeks prior to delivery of material to the site. 

2. Certification from the supply source (quarry) that the test results are representative of the 
material to be used for construction. 

3. Furnish a 100-lb. sample of each material specified in this Section.  

B. Prior to Installation 

1. A schedule of operations including means and methods of installation. 

2. The proposed method to ensure that the geosynthetics will not be damaged during the 
placement of the stone riprap. 

C. Upon Completion 

1. Certification that stone riprap installation is complete and in accordance with these 
specifications. 

2. Record survey data of areas receiving riprap including the limits of the different sizes 
installed. 

1.6 PRODUCT DELIVERY, STORAGE, AND HANDLING

A. The stone riprap shall be stored on site near the construction area.  The storage area shall be 
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located to minimize trips between the staging area and the installation area. 

PART 2 MATERIALS

2.1 STONE RIPRAP

A. Stone riprap shall consist of hard, unweathered, durable, angular, clean material.  It shall be 
free from any considerable amount of flat, laminated or elongated particles; and shall be free 
from cracks, overburden shells, clay, organic matter, coal, limestone, dolomitic material, shale 
or other deleterious matter. 

B. The stone riprap shall meet the following requirements as described in the following: 

1. Have a maximum weighted loss of 10 percent when subjected to 10 cycles of the magnesium 
sulfate soundness test. 

2. Sustain a loss of not more than 40 percent after 500 revolutions in the ASTM abrasion test 
(Los Angeles machine – ASTM C535). 

3. Sustain a loss of not more than 10 percent after 25 cycles of freezing and thawing (AASHTO 
Test 103 for Ledge Rock Procedure A). 

4. Stone  riprap  shall  have  a  minimum  specific  gravity  of  2.50,  as  defined  by ASTM 
C127. 

5. The stone riprap shall be graded such that 50 percent by weight shall be greater than the D50 
size designation as shown in the Drawings. 

6. The length of a single stone shall not be less than 1.3 times either its breadth or thickness. 

2.2 GROUT

A. The grout shall consist of one part cement and three parts fine aggregate.  

B. The maximum w/c ratio to be used in the grout mix is 0.45. 

C. AGGREGATES 

1. Fine aggregate shall be Concrete Sand, meeting the requirements of NYSDOT 703-07. 

2. Aggregates used in the grout shall be fine aggregates of natural origin conforming to ASTM 
C33. Aggregates which are deleteriously reactive with the alkalies in cement as defined by 
ASTM C289 shall not be used. 

3. The maximum allowable aggregate size shall be 3/8 in.  
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D. ADMIXTURES 

1. Admixtures shall be compatible with the grout and shall comply with the manufacturer's 
recommendations. Admixtures shall be added to the grout mix separately. 

2. No admixture containing calcium chloride will be acceptable. 

3. Any admixture to be used in concrete shall have approval from the Engineer prior to use. 

E. CEMENT 

1. Cement shall be Portland Cement Type 2, meeting the requirements of NYSDOT 701-01.  

F. WATER 

1. Water shall be potable. All water shall be chloride-free and free from deleterious amounts 
of oil, acid, alkali, and organic matter. Using non-potable water will not be accepted. 

PART 3 EXECUTION

3.1 SITE PREPARATION

A. Stone riprap shall be placed on the underlying surface indicated on the Drawings. The surface 
must be complete and approved as required by the specifications Section specific to the 
material surface on which the riprap will be placed. 

3.2 RIPRAP INSTALLATION

A. Stone riprap shall be placed to the lines, grades, and minimum thickness as shown on the 
DRAWINGS. 

B. Stone riprap shall be placed around all culvert outlets and as channel lining as indicated in the 
DRAWINGS. 

C. When placing stone riprap, the CONTRACTOR shall take care to avoid damaging any 
underlying surface, or other structures.  Any damage resulting from the CONTRACTOR’s 
placement of stone riprap shall be repaired or replaced as directed by the ENGINEER at no 
cost to the OWNER. 

D. Uniformly distribute larger rock over the entire area and distribute the remainder uniformly 
with smaller pieces filling voids between larger pieces. 

E. The ENGINEER shall verify that the specified size and thickness of riprap is installed at the 
appropriate locations according to the lines and grades as indicated on the DRAWINGS.  The 
CONTRACTOR shall remove and replace material that is not in conformance with this 
Specification at the discretion of the ENGINEER, at no additional cost to the OWNER. 
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F. Any changes in the proposed method of work, subcontractors to be utilized, or stone riprap 
source must be approved in advance by the OWNER and ENGINEER.  The CONTRACTOR 
assumes all responsibility relevant to providing an acceptable product. 

3.3 GROUT INSTALLATION

A. The grout mix shall either be delivered to the site or mixed on site and placed within 1.5 hours 
after the introduction of the cement to the aggregates. In hot weather or under conditions 
contributing to accelerated stiffening of the concrete, the time between the introduction of the 
cement to the aggregates and complete discharge of the grout batch shall be a maximum of 45 
minutes. The engineer may allow a longer time provided the setting time of the grout is 
increased a corresponding amount by the addition of an approved set-retarding admixture. In 
any case concrete shall be conveyed from the mixer to the final placement as rapidly as 
practicable by methods that prevent segregation of the aggregates, loss of mortar, 
displacement of the rock riprap, or a combination of these. 

B. Grout mix shall not be allowed to free fall more than 5 feet unless suitable equipment is used 
to prevent segregation. 

C. The grout mix shall not be placed until the rock riprap has been inspected and approved by 
the engineer. 

D. Rock to be grouted shall be kept moist for a minimum of 2 hours before grouting. 

E. The rock riprap shall be flushed with water before placing the grout to remove the fines from 
the rock surfaces. The rock shall be kept moist before the grouting and without placing in 
standing or flowing water. Grout placed on inverts or other nearly level areas may be placed 
in one operation. On slopes, the grout shall be placed in two nearly equal applications 
consisting of successive lateral strips about 10 feet in width starting at the toe of the slope and 
progressing upward. The grout shall be delivered to the place of final deposit by approved 
methods and discharged directly on the surface of the rock. A metal or wood splash plate is 
used to prevent displacement of the rock directly under the grout discharge. The flow of grout 
shall be directed with brooms, spades, or baffles to prevent grout from flowing excessively 
along the same path and to assure that all intermittent spaces are filled. Sufficient barring shall 
be conducted to loosen tight pockets of rock and otherwise aid in the penetration of grout to 
ensure the grout fully penetrates the total thickness of the rock blanket. All brooming on slopes 
shall be uphill. After the grout has stiffened, the entire surface shall be rebroomed to eliminate 
runs and to fill voids caused by sloughing. The surface finish, following the completion of 
grout installation, shall consist of one-third of the rock extended above the level of grout. The 
exposed rock will not have a plastered appearance. 

F. After completion of any strip or panel, no individual(s) or equipment shall be permitted on the 
grouted surface for 24 hours. The grouted surface shall be protected from injurious action by 
the sun, rain, flowing water, mechanical injury, or other potential damaging activity. 
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3.4 CURING AND PROTECTION

A. The completed finished surface shall be prevented from drying for a minimum curing period 
of 7 days following placement. Exposed surfaces shall be maintained in a moist condition 
continuously for the 7-day curing period or until curing compound has been applied as 
specified in this section. Moisture shall be maintained by sprinkling, flooding, or fog spraying 
or by covering with continuously moistened canvas, cloth mats, straw, sand, or other approved 
material. Water or moist covering shall be used to protect the grout during the curing process 
without causing damage to the grout surface by erosion or other mechanisms that may cause 
physical damage. 

B. The grouted rock may be coated with an approved curing compound as an alternative method 
to maintaining a continuous moisture condition during the curing period. The compound shall 
be sprayed on the moist grout surface as soon as free water has disappeared and all surface 
finishing has been completed. The compound shall be applied at a minimum uniform rate of 
1 gallon per 175 square feet of surface and shall form a continuous adherent membrane over 
the entire surface. Curing compound shall not be applied to surfaces requiring bond to 
subsequently placed grout and/or concrete. If the membrane is damaged during the curing 
period, the damaged area shall be resprayed at the rate of application specified for the original 
treatment. 

C. Grout mix shall not be placed when the daily minimum temperature is less than 40 degrees 
Fahrenheit unless facilities are provided to ensure that the temperature of the material is 
maintained at a minimum temperature of 50 degrees Fahrenheit and not more than 90 degrees 
Fahrenheit during placement and the curing period. Grout mix shall not be placed on a frozen 
surface. When freezing conditions prevail, rock to be grouted must be covered and heated to 
within a range of 50 to 90 degrees Fahrenheit for a minimum of 24 hours before placing 
grouting material.  

END OF SECTION 
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SECTION 02272 

GABIONS & GABION MATTRESSES 

PART 1 GENERAL 

1.1 SECTION INCLUDES 

A. Under this item, the CONTRACTOR shall furnish, assemble, and fill with stone, heavily 
galvanized steel wire mesh baskets referred to as gabions or mattresses of approved sizes. Their 
sizes shall be as specified herein, manufactured in accordance with these Specifications and 
placed in accordance with the lines, grades, and dimensions shown in the Drawings, or as 
required by the ENGINEER. 

B. Unless otherwise specified, the term “Gabions” is used in the specification where requirements 
for both gabion baskets and mattresses are identical. 

C. Gabions are typically specified on sideslopes. Mattresses are typically specified on flat areas 
or channels with slopes typically less than 25%. 

D. The assembly and erection of gabions shall be in accordance with the manufacturer’s 
instructions. 

1.2 RELATED SECTIONS 

A. Section 02220 – Excavation 

B. Section 02595 – Geotextile 

C. Section 02236 – Barrier Protection Soil Layer 

D. Section 02271 – Stone RipRap 

1.3 DELIVERY, STORAGE AND HANDLING 

A. Gabions shall be delivered to the site folded flat, tied in pairs, and packed in bundles. 

B. Gabions shall be stored on-site in a location and manner approved by the ENGINEER and 
OWNER, and in accordance with the manufacturer’s instructions. 

C. Gabions shall be stored on a level area free from standing water or mud. 

D. GABION bundles shall be handled in accordance with the manufacturer’s instructions. 
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1.4 SUBMITTALS 

A. The manufacturer shall provide certification to the ENGINEER stating the wire size and 
galvanizing are in accordance with the Specifications. 

PART 2 PRODUCTS 

2.1 MANUFACTURING 

A. Gabions shall be manufactured in such a manner that their sides, ends, lid and diaphragm(s) 
can be assembled to form rectangular units of the specified dimensions. 

B. Gabions shall be of a single unit construction. The front, base, back and lid shall be woven into 
a single unit. The ends and diaphragm(s) shall be factory-connected to the base. 

C. All perimeter edges of the mesh forming the gabion shall be securely selvedged so that the 
joints obtained have at least the same strength as the wire mesh itself. 

D. The gabion length and width shall be as noted in the drawings. Where the gabion length 
exceeds 1½ times its horizontal width, the Gabion shall be divided into cells by diaphragm(s) 
of the same mesh and gauge as the mattress body. 

2.2 MATERIALS 

2.2.1 GABIONS 

A. Mesh - Mesh openings shall be a 8x10 hexagonal mesh, with a nominal width of 3.25 inches 
(nominal), uniform size. Mesh shall have a minimum tensile strength of 3500 lb/ft when tested 
in accordance with ASTM A975 Section 13.1.1. 

B. Mesh Joints - All joints shall be flexible and double twisted to prevent unraveling. 

C. Galvanizing - All steel wire (lacing and mesh) used shall be zinc-coated (galvanized) having a 
minimum amount of zinc coating of 0.70 oz./sq. ft. of wire, and complying with Federal 
Specification (QQ-W-46l H, Class 3) or ASTM A64l as approved by the ENGINEER. 
Selvedge wire shall have a coating of not less than 0.80 oz./sq. ft. 

D. A tolerance limit of ± 5 percent of manufacturer’s specified sizes for length, width and height, 
and a tolerance of ± 10 percent on the nominal mesh dimension of 3.25 inches. 

E. Mesh Wire - The nominal diameter of the steel wire mesh shall be 0.120 inches after zinc 
coating. 

F. Selvedge Wire - The nominal diameter of the selvedge wire, running through all the edges 
(perimeter wire), shall be 0.153 inches after zinc coating. 

G. Lacing Wire/Stiffeners- The nominal diameter of the lacing wire, necessary for assembling 
and lacing the mattress units, shall be 0.087 inches after zinc coating. Cross ties/stiffener wires 
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shall have a nominal diameter of 0.087 inches. Pre-formed stiffeners shall have a nominal 
diameter of 0.153 inches. 

H. Fasteners (rings) may be used in lieu of lacing wire. Fastener diameter shall be 0.120 inches. 
Rings shall have the same zinc coating as the mesh. The rings shall be coated in accordance 
with ASTM A641 and coating weight per ASTM A90 and ASTM A764, Class II, Type III. 
The ring tensile strength shall be determined per ASTM E8/IMTP 2004. 

I. All wire diameters are subject to tolerances in accordance with ASTM 641 A-7 IA, 
Table 3. 

J. Tensile Strength of all wire used for manufacturing the gabions and lacing wire shall be in 
accordance with ASTM A641, measured before fabrication of netting. 

PART 3 EXECUTION 

3.1 ASSEMBLY 

A. Gabions are supplied folded flat, tied in pairs, and packed in bundles. Single gabions shall be 
removed from the bundle, unfolded flat on the ground, and all kinks and bends flattened. 

B. The gabion unit shall then be assembled individually, by erecting the sides (front and back), 
ends and diaphragm(s), ensuring that all creases are in the correct position and the tops of all 
sides level. 

C. The four corners of the gabion unit shall be connected/joined first, followed by the edges of 
internal diaphragm(s) to the sides. 

D. The recommended lacing procedure consists of cutting a length of lacing wire (approximately 
1-1/2 times the distance to be laced - not to exceed 5 feet). Secure the wire terminal at the 
comer by looping and twisting, then proceed to lace with alternating single and double loops 
at approximately 6-inch intervals, pulling each loop tight and securing the end of the lacing 
wire to the wire mesh by looping and/or twisting. 

E. If rings are used in lieu of lacing wire, rings shall be spaced at a maximum of 6 inches, or in 
accordance with manufacturer’s recommendations. Rings shall be fastened using mechanical 
or pneumatic fasteners with a nominal overlap of 1 inch after closure. 

3.2 INSTALLATION 

A. The assembled gabion units are carried to the job site and placed in their proper location. For 
structural integrity, all adjoining empty gabions must be laced along the perimeter of their 
contact surfaces in order to obtain a monolithic structure or fastened with rings at a maximum 
spacing of 6 inches for all types of connections including mattress-to-mattress, diaphragms-to-
lids, and lid-to-side panels. If three or more gabions are joined together, rings shall have a 
mesh-to-mesh connection (adjacent to the selvedge wires of each adjoining mattress) 
connecting two baskets at a time. Whenever a structure requires more than one layer, the upper 



_____________________________________________________________________________________________________________________ 
Seneca Meadows 02272 Gabion 
Printed Date 12/9/2019 Page 4 of 5 

empty baskets shall also be connected to the top of the lower layer along the front and back 
edges of the contact surface using the same connecting procedures as described in Section 2. 

3.3 FILLING 

A. Gabion units shall be filled with hard, durable, angular to round clean stone of such quality 
that they shall not disintegrate on exposure to water or weathering during the life of the 
structure. Gabion rock fill shall have the following dimensions: 

Stone Size 

(inches)* 

Max. Allowable 

Size 

Min. Allowable 

Size 

4-8 10 in. 2 in. 

* A variation of 5% oversize (> 8 inches) and 5% undersize (< 4 inches) is allowable. Over and 

undersize material must not be placed against the gabion exposed surface. 

B. Gabions may be filled by almost any type of earth-handling equipment such as: backhoe, 
gradall, crane, etc. The number of voids shall be minimized by using well-graded stone with a 
minimal number of oversize pieces. Manual filling may be required to minimize voids. 

C. Gabion shall be filled in layers 1 foot (maximum) at a time. Stiffeners or crossties shall be 
installed at intervals of 1/3 and 2/3 of the gabion height for 3 foot gabions, and at 1/2 of the 
height for 1.5 foot gabions, in accordance with manufacturer’s recommendations. 

D. The cells in any row shall be filled in stages so that local deformation may be avoided. That is, 
at no time shall any cell be filled to a depth exceeding 1 foot more than the adjoining cell. 

E. Along all exposed gabion faces, the outer layer of stone shall be carefully placed and packed 
by hand in order to ensure proper alignment and a neat, compact, square appearance. 

F. The last layer of stone shall be leveled with the top of the Mattress to allow proper closing of 
the lid and provide an even surface for the next course. 

G. It is good practice to place backfill to mattress walls simultaneously with the mattress filling 
operation. 

H. Well packed filling without undue bulging, and secure lacing/rings, is essential in all structures. 

3.4 LID CLOSING 

A. The lids shall be stretched tight over the filling, using crowbars or lid-closing tools, until the 
lid meets the perimeter edges of the front and end panels. 
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B. The lid shall then be secured with rings spaced at six inches of tightly laced along all edges, 
ends, and diaphragm(s) in the same manner as described above for assembling. 

C. Well packed filling without undue bulging, and secure lacing, is essential in all structures. 

3.5 CUTTING AND FOLDING MESH 

A. Where required to provide a uniform fitting of the gabions to adjacent materials, or otherwise 
directed by the ENGINEER, the mattress mesh shall be cut, folded, and wired together to suit 
existing site conditions. The mesh must be cleanly cut and the surplus mesh cut out completely, 
or folded back and neatly wired to an adjacent mattress face. The cut edges of the mesh shall 
be securely fastened together with lacing wire of rings in the manner described above for 
assembling. 

B. The assembling, installation, filling, and lid closing of the reshaped gabions shall be carried 
out as specified above. 

END OF SECTION 
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SECTION 02276 

SOIL LINER 

PART 1 GENERAL

1.1 SECTION INCLUDES 

A. The CONTRACTOR shall furnish all labor, materials, equipment, tools and appurtenances 
required to complete the work of handling, placing and compacting material for the low 
permeability soil liners as shown, specified or required. 

B. Soil liner material will be provided by the OWNER. 

1.2 RELATED SECTIONS 

A. Section 02278 – Geosynthetic Clay Liner 

B. Section 02597 – HDPE Geomembrane 

C. Section 02595 - Geotextile 

1.3 TOLERANCES 

A. The minimum thickness of the secondary soil liner shall be 24 inches, and, if a GCL is not 
used as the primary soil liner, the minimum thickness of the primary soil liner shall be 6 
inches.  Thickness tolerances for both the primary and secondary soil liners are +3 inches. 

B. The principal slope of any soil liner shall be as shown on the Drawings.  The maximum 
overall slope for baseliner is 3 horizontal (H) to 1 vertical (V) or 33.3 percent. The minimum 
overall slope for baseliner is 2 percent in directions perpendicular to leachate collection pipes 
and 1 percent in directions parallel to leachate collection pipes.  The required grades and 
slopes for this project are shown on the drawings, unless otherwise approved by the Engineer. 

C. The default maximum acceptable compacted soil liner lift thickness is 6 inches.  However, 
the maximum lift thickness of the first lift of any soil liner directly overlying liner system 
geosynthetics can be up to 8 inches.  A compacted lift thickness greater than 6 inches may be 
approved by the ENGINEER, based on the results of an acceptable Test Pad program 
completed by the CONTRACTOR, as specified herein.   

1.4 DELIVERY, STORAGE AND HANDLING 

A. All soil designated for use as low permeability soil liner shall be delivered, stored, and 
handled in a manner that will prevent contamination by other soils or deleterious materials. 
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PART 2 PRODUCTS

2.1 SOIL 

A. The soil liner shall be constructed with natural clayey soils obtained on-site or from an off-
site source.  Natural clayey soil means a fine-grained soil containing sufficient plastic fines 
on the order of 20 percent or greater such that the soil acts as a clay, and will readily achieve 
the specified maximum permeability requirements.  The soil is typically classified as a CL or 
CH (Unified Soil Classification System), with a liquid limit between 25 to 50, placed above 
the A-line on the plasticity chart, and a minimum plastic index of 10; however, the governing 
characteristic shall be that the soil is capable of achieving and maintaining the required 
permeability. 

B. All soil liner material shall be free from organic matter, wood, trash, and other objectionable 
substances which may be compressible or which cannot be properly compacted.  It shall not 
contain blocks, broken concrete, masonry rubble or other similar materials.  It shall have 
physical properties such that it can be readily spread and compacted to achieve the specified 
permeability.  Snow, ice, and frozen soil shall not be permitted. 

C. Approved soil liner materials, along with the specific use, moisture-density acceptance 
window, and maximum allowable lift thickness shall be based upon the test pad for each soil 
liner material. 

D. The upper six inches of the soil liner shall exhibit Soil / HDPE liner friction angle 
characteristics similar to the Upper Glaciolacustrine (UGL) soil materials used on site and in 
accordance with the requirements of the design report.  Any soil materials used for the upper 
six inches other than the UGL shall require testing and approval by the Engineer. 

E. Soil liner material shall be provided by the OWNER for the CONTRACTOR’s use in the 
construction. 

PART 3 EXECUTION

3.1 SOIL PLACEMENT  

A. The permeability of the in-place soil liner shall not exceed 1 x 10-7 cm/sec.  The 
CONTRACTOR shall provide a minimum of two laborers in each soil placement area to: 

1. Remove unacceptable materials from the soil, including stones greater than 1 inch in 
diameter, during placement at the direction of the ENGINEER. 

Additional laborers may be required based upon the performance of the CONTRACTOR as 
directed by the OWNER and ENGINEER. 

B. Soil shall be graded and compacted to a uniform lift thickness no greater than the maximum 
lift thickness approved by the ENGINEER.  All soil liner lifts shall be placed, and 
compaction shall be performed, in a manner that properly controls moisture content, lift 
thickness and compactive/kneading action to effectively destroy soil clods and eliminate lift 
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interfaces consistent with the results of the Test Pad constructed for the soil liner material.  
Hauling and spreading equipment will not be considered as compaction equipment. 
Placement of the first lift of the soil liner shall be placed in a manner that prevent mixing 
with subgrade material. 

C. The CONTRACTOR shall continue to place and compact lifts of soil liner to form a uniform 
upper surface to the requirements of the grading plan.  The upper surface of each lift shall be 
scarified, dried or hydrated when required, as determined by the ENGINEER, to provide 
proper adhesion and bonding to subsequently placed lifts of soil liner. 

D. The soil liner shall be placed so as to minimize ponding of rainfall and runoff.  Where 
ponding has occurred, the CONTRACTOR shall remove the excess water prior to continuing 
operations in those areas.  Any soil material that has become too wet for proper placement 
and compaction shall be removed and/or dried prior to placement of additional material. 

E. The top lift of soil liner shall be placed and finished to a smooth, uniform appearance free of 
cracks or other openings that would allow drying of underlying layers.  Desiccation cracks in 
excess of 1 inch on any lift will be reworked and moisture/density field tests will be 
performed and/or Shelby tube/block samples obtained at the discretion of the ENGINEER.  
Powdered bentonite may be used, as directed by the ENGINEER, to fill in desiccation cracks 
observed prior to liner placement.  Excessive desiccation of an area of soil liner shall be 
prevented by covering the completed area of soil liner as soon as practical after acceptance of 
the soil liner area by the ENGINEER. 

F. The CONTRACTOR shall restrict all vehicular traffic or equipment operation on finished 
soil liner areas except as required for redressing or placement of overlying liner system 
components.  Those areas which are completed and approved by the ENGINEER shall be 
identified and marked along the perimeters by suitable means.   

G. No liner material shall be placed in a frozen state or on any material that has become frozen.  
All frozen material shall be completely removed prior to placement of additional soil liner. 

H. In-place soil liner which fails to meet the specified thickness, density, moisture content or 
permeability requirements, or exhibits cracking, drying, or other damage prior to covering by 
the overlying material shall be reworked, or removed and replaced by the CONTRACTOR 
according to the Specifications. 

3.2 QUALITY CONTROL/QUALITY ASSURANCE 

A. The ENGINEER or his designee shall maintain a construction control grid having defined 
positions across the liner system construction area.  All aspects of construction shall be 
defined by the control grid, including but not limited to, moisture-density test locations, 
Shelby tube (or other) sample locations, soil placement areas, tops and toes of slope, leachate 
collection headers, laterals, clean-out risers, berms, manholes, roadways and culverts.  The 
construction control grid shall be established in rectangular coordinates, and lie in the same 
orientation as the site grid. 
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B. OWNER shall supply soil for liner construction.  If the CONTRACTOR supplies any liner 
soil, CONTRACTOR shall submit to the ENGINEER, for his approval, evidence that the 
proposed soil liner material meets the requirements of this Specification.  This evidence shall 
include, but not necessarily be limited to, the following test results performed on at least one 
sample from each proposed borrow source: 

Atterberg Limits  ASTM D4318 
Grain Size Distribution  ASTM D422 
Moisture Content  ASTM D2216 
Modified Proctor  ASTM D1557 
Recompacted Permeability    USACOE EM 1110-2-1906 

If the test data indicates the proposed soil may not be suitable for use in constructing the low 
permeability soil liners, the CONTRACTOR shall submit information as noted above for soil 
from an alternative borrow source. 

C. Upon approval of the CONTRACTOR’s Quality Control soil test data, the ENGINEER shall 
obtain additional samples for conformance testing.  The required testing frequencies vary for 
previously approved materials or for new materials.  Quality assurance laboratory testing of 
soil liner material shall be performed in accordance with the following: 
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Test/Method Sampling Frequency 

Previously Approved 
Source(1)

New Source(2)

Grain Size Distribution  1/7,500 cyd 1/2,500 cyd 

Moisture-Density Relation  1/12,500 cyd 1/5,000 cyd 

Atterberg Limits 1/5,000 cyd 1/1,000 cyd 

Moisture Content  1/acre-lift(3) 1/1,000 cyd 

Recompacted Permeability 1/20,000 cyd 1/5,000 cyd 

In-Place Permeability 1/acre-lift 1/acre-lift 

(1) Previously approved sources include those with data collected over at least one construction 
season (Permit Condition #33) 

(2) New sources of material should be sampled at the required frequency outlined in 6NYCRR Part 
363-6.7(c)(2). 

(3) Moisture content measurements will be obtained during the in-place permeability test.   

D. The ENGINEER will be responsible for notifying NYSDEC regarding any changes of 
material sources as well as changes in the required sampling frequencies.   

E. Upon receipt of the initial conformance test data, the ENGINEER shall prepare a 
moisture-density-permeability relationship and acceptance window to be used for 
moisture-density pass/fail criteria during soil liner construction.     

F. If the ENGINEER determines that soil delivered to the project varies significantly from the 
soil approved for use, or material is obtained from an alternate source, additional sampling 
and testing shall be performed by the ENGINEER. 

G. During the course of construction, the ENGINEER shall modify the moisture-density/ 
permeability relationship and acceptance window as appropriate, based on the results of the 
moisture, density and permeability QA data.   

H. Prior to the use of new materials and/or construction methodologies for soil liner 
construction, two test pads shall be completed by the CONTRACTOR with the proposed 
materials for the purpose of confirming acceptable construction procedures for each of the 
material sources and types proposed for the liner.  Test pads shall be completed as follows: 

1. One test pad constructed on a slope representative of the average bottom slope of the soil 
liner; and the second constructed upon a 3H:1V grade to simulate soil construction on the 
embankment slopes.   
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2. The test pads shall be constructed with the same equipment and procedures as specified 
herein, to be used to construct the soil liner, and shall be at least be 30 feet wide and 
80 feet long, or as required to allow equipment to reach normal operating speed.  

3.  The thickness of the lifts shall be the maximum lift thickness to be placed and compacted 
during soil liner installation, and compaction shall be with the same equipment as will be 
used in the full-scale operation.   

4. Constructed on subgrade conditions that mimic those of the full-scale construction. 

5. Consist of one lift if the test is designed to meet the requirement for a six-inch thick 
primary soil liner, or at least two lifts for any other liner construction. 

I. The ENGINEER shall observe test pad construction, obtain the required data, assess the 
acceptability of construction procedures and prepare a report to document the findings. 

J. Prior to the start of any soil liner construction operations, the ENGINEER will review the 
survey data and/or drawing showing the record elevations of the underlying subgrade surface.  
The ENGINEER shall check the grades as required, and no soil liner placement shall begin 
prior to approval of the subgrade by the ENGINEER.  The CONTRACTOR shall note any 
discrepancies and shall plan his operations so that upon completion of the liner, the top 
grades conform with the specified thickness and slope requirements. 

K. The CONTRACTOR shall have the option of using the in-situ soils as the initial lift of the 
secondary clay liner based upon the approval of the ENGINEER.  The approval shall be 
given based upon the following: 

1. In-situ soil quality based initial sampling/analysis and test pad results.  NYSDEC shall be 
contacted prior to the commencement of test pad for the option of witnessing test pad 
construction. 

2. In-situ soil consistency based upon visual inspection of soil by the certifying engineer. 

3. Soil shall be tilled to the depth of the lift being constructed. 

L. Field moisture-density testing shall be performed at a rate of not less than one test for each 
day of soil liner placement, and at least 9 tests per acre per lift, using a nuclear moisture-
density gauge.  Test locations must be proportionately distributed throughout the soil liner.  
Prior to leaving the test area, each test location shall be plotted by the Construction Observer 
on a plan of the work area illustrating the construction control grid.  The Construction 
Observer shall also plot the dry density and moisture content values on a plot of the moisture-
density-permeability acceptance window.  Failing test results are those that plot outside the 
acceptance window, and shall not be accepted by the ENGINEER.    Any soil liner area 
determined to have unacceptable moisture or density test results shall be reworked (further 
compact and/or hydrate), or removed and replaced as directed by the ENGINEER 

M. Moisture- density tests shall be taken through the full depth of the lift, except where an initial 
12 inch lift is placed over a geosynthetic layer, at which time the test depth shall be 6 inches. 
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N. The thickness of each soil lift shall be checked by the ENGINEER.  In addition, the use of 
Global Positioning Survey (GPS) may be used to provide direct measurements of liner 
thickness.  

O. Routine in-place soil moisture and density testing will be confirmed by laboratory 
permeability tests on undisturbed Shelby tube samples or block samples, as appropriate.  One 
constant head laboratory permeability test result shall be obtained per acre per lift of soil 
liner.  The samples shall be taken in the locations selected by the ENGINEER.  The 
CONTRACTOR shall rework, or remove and replace as directed by the ENGINEER, any 
material with a permeability greater than 1 x 10-7 cm/sec.  

P. The CONTRACTOR shall provide the heavy equipment required for Shelby tube/block 
sampling including, but not limited to, a bulldozer and operator and shall assist and cooperate 
with the ENGINEER for all sampling and testing activities.  If required, the CONTRACTOR 
shall restrict operations in designated areas to allow for additional testing (moisture- density 
and permeability). 

Q. All penetrations of the soil liner resulting from nuclear moisture-density testing and Shelby 
tube sampling shall be sealed using a bentonite/soil mixture approved by the ENGINEER.  
The CONTRACTOR shall backfill block sample excavations with soil liner material, and 
compact the soil using the same procedures required during initial placement. 

R. All soil liner that, after placement and prior to covering, is determined by the ENGINEER to 
be unsuitable (i.e., too wet, too dry, excessive cracking or otherwise compromised), shall be 
repaired by the CONTRACTOR to the satisfaction of the ENGINEER and in conformance 
with all the provisions of these Specifications. 

END OF SECTION 
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SECTION 02277 

TEST PAD 

PART 1 GENERAL

1.1 SECTION INCLUDES 

A. The EARTHWORKS CONTRACTOR shall furnish all labor, materials, equipment, tools and 
appurtenances required to complete the work of constructing a pre-soil liner installation test 
pad.   

B. The purpose of the test pad is to evaluate the materials, methods and equipment proposed by the 
EARTHWORKS CONTRACTOR to install the soil liner, and to document that the materials, 
methods, and equipment proposed by the EARTHWORKS CONTRACTOR are adequate to 
meet the project requirements.  Test pads are required to evaluate new materials, methods and 
equipment proposed by the EARTHWORKS CONTRACTOR to install soil liner.     

1.2 RELATED SECTIONS 

A. Section 02222 – Subgrade 

B. Section 02226 – Low Permeability Backfill 

C. Section 02276 – Soil Liner 

1.3 SUBMITTALS 

A. The EARTHWORKS CONTRACTOR shall provide to the ENGINEER the following items 

1. At least 3 days prior to test pad construction, the ENGINEER shall be notified of when 
and where the test pad work will be conducted.  The notification shall specify the 
number and types of equipment and soil material that will be used to construct the test 
pad in accordance with the requirements of this Section. 

2. At least 2 days prior to construction of the test pad, results of the pre-qualification 
material testing program required by Section 02276. 

3. The EARTHWORKS CONTRACTOR shall supply the ENGINEER with a survey 
drawing showing the location of the test pad subgrade.  The location shown on the 
drawing must be referenced to survey control developed for the project. 
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1.4 PROTECTION OF PEOPLE AND PROPERTY 

A. Protection of people and property shall conform to the requirements of Section 02220 – 
Excavation and Section 02150 – Shoring and Bracing. 

PART 2 MATERIALS

2.1 GENERAL 

A. The CONTRACTOR shall construct the test pad with the materials identified and approved by 
the ENGINEER for construction of the soil liner, as specified in Section 02276.  

PART 3 EXECUTION

3.1 SITE PREPARATION 

A. The CONTRACTOR shall construct the test pad on subgrade conditions that mimic those of 
the actual soil liner construction, and in a location approved by the ENGINEER.  If the test pad 
is constructed in an area where it will become part of the soil liner, the subgrade shall be 
prepared, observed, evaluated and approved in accordance with the requirements of Section 
02222. 

3.2 INSTALLATION

A. The test pad shall be constructed in a manner that is representative of the manner in which the 
soil liner will be installed for the project.  One test pad shall be required for each soil 
source/construction methodology/equipment combination.  The test pad process may be used to 
evaluate alternate sources, methods and equipment combinations; however, the ENGINEER 
must obtain separate sets of data and record individual observations for each test pad. All 
procedures, equipment and soil materials that will be used in the construction of the test pad 
shall be consistent with the requirements of Section 02276. 

B. A minimum of two test pads shall be prepared for each proposed soil source and type; one test 
pad shall be constructed on a slope representative of the average bottom slope of the soil liner, 
and the second test pad shall be constructed upon a 3H:1V slope.  The test pads shall be at least 
30 feet wide and 80 feet long, or as required to allow placement and compaction equipment to 
reach normal operating speed before entering the area to be tested and sampled by the 
ENGINEER 

C. The test pad shall demonstrate that the CONTRACTOR can meet the material, construction, 
and product quality requirements of Section 02276.  If there is a change in borrow soil, 
construction methodology, equipment or construction conditions, as determined by the 
ENGINEER, a new test pad shall be required. 

D. The CONTRACTOR shall assist and cooperate with the ENGINEER during all sampling and 
testing activities. 
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E. The CONTRACTOR shall protect the test pad until the soil liner material, and the method of 
installation, have been approved by the ENGINEER.  

F. The testing protocol described in Section 02276 for the Soil Liner, except as modified by this 
Section, shall be applied to the Test Pad to monitor and document the construction quality of 
the test pad. 

PART 4 QUALITY CONTROL

4.1 GENERAL 

A. The testing protocol described in Section 02276 for the Soil Liner, except as modified by this 
Section, shall be applied to the Test Pad to monitor and document the construction quality of 
the test pad.   

4.2 OBSERVATIONS, SAMPLING AND TEST REQUIREMENTS  

A. The following techniques shall be followed (unless modified by the CONTRACTOR and 
approved by the ENGINEER) in the construction of each Test Pad: 

1. The borrow area loading procedure shall be developed to produce a soil material with a 
manageable clod size such that remaining clods can readily be destroyed during the 
CONTRACTOR’s proposed grading and compaction process.  

2. The soils shall be hauled to the test pad location and graded by multiple passes of the 
bulldozer to effectively break up soil clods to a size that can be managed by the 
compaction equipment.  The soil shall be brought to grade uniformly throughout the test 
pad area.  The soil shall be compacted in a manner that destroys soil clods, eliminates 
lift interfaces and prevents the formation of observable voids in the completed lifts as 
determined by the ENGINEER.   

3. The soil shall be graded to a lift thickness that represents the maximum lift thickness to 
be allowed during soil liner installation. 

4. The test pad shall consist of one lift if the test is designed to meet the requirement for a 
six inch thick primary soil liner, or at least 2 lifts for all other requirements. Subsequent 
lift(s) shall be placed, graded and compacted in the same manner as the initial lift. 

5.  The upper surface of the lower lift(s) shall be scarified, and hydrated/dried as required, 
prior to the placement of an overlying lift, in the same manner as will be carried out during 
soil liner installation. 

B. The ENGINEER shall obtain measurements and samples during test pad construction, as 
follows: 

1. Measure and record the overall size of the test pad. Measure and record individual loose 
and compacted lift thickness. 
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2. A minimum of one bulk sample per soil type shall be obtained for laboratory testing of 
liquid and plastic limit, Modified Proctor moisture-density relationship and grain-size 
distribution. 

3. At least two soil moisture and density measurements shall be obtained from the test pad 
soils after each pass of the compactor.  The ENGINEER will use this information to help 
evaluate the effects of additional passes of the equipment on soil moisture and density.  
The number of passes shall be sufficient to allow the soil moisture and density 
measurements to plot within the initial acceptance window developed by the ENGINEER. 

4. Soil samples shall be obtained in accordance with the requirements of the gauge 
manufacturer for the purpose of calculating moisture corrections for the test equipment.   

5. A minimum of one Shelby tube sample per lift per test pad shall be obtained for 
laboratory permeability testing.  The ENGINEER shall advance the Shelby tube sampler 
through the entire lift such that the lowermost portion of the lift will be included in the 
sample recovery.  In the event unacceptable sample compression occurs in the sample 
while advancing the tube, the ENGINEER shall modify the sampling technique (e.g. to 
remove the upper portion of the lift in the sample area) to obtain a reasonably 
undisturbed sample for laboratory testing.  The ENGINEER shall instruct the laboratory 
to obtain the laboratory permeability specimen from the lowermost portion of the tube 
sample. 

C. The ENGINEER shall observe and document the CONTRACTOR’s test pad construction 
procedures, as follows: 

1. Complete notes and obtain photographs documenting the soil type, equipment used, 
placement techniques, sampling and testing procedures. 

2. Document the grading technique employed and results achieved by the bulldozer (e.g. 
distance of grading the end dumped material, number of passes to obtain lift thickness, 
effectiveness in reducing clod size, etc.) 

3. Record compaction equipment specifications, including model, total static weight, drum 
type, drum width and foot length. 

4. Document the number of passes made by the compactor to achieve the measured soil 
densities. 

5. Observe and record borrow area soil loading method, mixing method (if any) and 
resulting maximum clod size. 

6. Observe and record procedures for lift surface scarification and preparation, including 
the resulting scarification depth and distribution. 

7. Observe and record compaction equipment speed and mode (i.e. static or vibratory). 
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D. Information obtained from test pad construction will be assembled by the ENGINEER into a 
manner suitable for submission to the NYSDEC, and shall confirm the materials, lift 
thickness and construction methods for soil liner placement are adequate to meet the 
requirements of Section 02276.   

E. Additional sampling, testing and documentation will be performed as directed by the 
ENGINEER.  In the event the test pad is constructed within the liner area, the 
CONTRACTOR shall rework, or remove and replace any test pad material with a hydraulic 
conductivity greater than 1 x 10-7 cm/sec. 

END OF SECTION 
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SECTION 02278 

GEOSYNTHETIC CLAY LINER 

PART 1 GENERAL 

1.1 SECTION INCLUDES 

A. The GEOSYNTHETICS CONTRACTOR shall furnish all labor, materials, equipment, tools 
and appurtenances required to complete the installation of all geosynthetic clay liner (GCL) 
layers as shown on the Drawings.  

B. OWNER shall supply GCL for CONTRACTOR’s use in the construction, and 
CONTRACTOR shall provide all unloading, handling, and storage of material delivered to 
the Site for the Project.  For OWNER supplied GCL, all submittals required for material 
certification from the MANUFACTURER shall be provided to the ENGINEER by the 
OWNER. 

C. Geosynthetic clay liner will be installed as part of the landfill liner system construction.  The 
following technical specifications present requirements for the manufacturing, testing, 
transport, storage and installation of the GCL. 

1.2 RELATED SECTIONS 

A. Section 02595 – Geotextile 

B. Section 02597 – HDPE Geomembrane 

C. Section 02599 - Geocomposite Drainage Layer 

1.3 REFERENCES 

A. American Society for Testing and Materials (ASTM): 

1. D4354 Standard Practice for Sampling of Geosynthetics and Rolled Erosion Control 
Products (RECP) for Testing 

2. D4632 Standard Test Method for Grab Breaking Load and Elongation of Geotextiles 

3. D4873 Standard Guide for Identification, Storage, and Handling of Geosynthetic Rolls 
and Samples 

4. D5084 Standard Test Methods for Measurement of Hydraulic Conductivity of Saturated 
Porous Materials Using a Flexible Wall Permeameter 
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5. D5321 Standard Test Method for Determining the Coefficient of Soil and Geosynthetic 
or Geosynthetic and Geosynthetic Friction by the Direct Shear Method 

6. D5887 Standard Test Method for Measurement of Index Flux Through Saturated 
Geosynthetic Clay Liner Specimens Using a Flexible Wall Permeameter 

7. D5888 Standard Guide for Storage and Handling of Geosynthetic Clay Liners 

8. D5889 Standard Practice for Quality Control of Geosynthetic Clay Liners  

9. D5890 Standard Test Method for Swell Index of Clay Mineral Component of 
Geosynthetic Clay Liners 

10. D5891 Standard Test Method for Fluid Loss of Clay Component of Geosynthetic Clay 
Liners 

11. D5993 Standard Test Method for Measuring Mass Per Unit of Geosynthetic Clay 
Liners 

12. D6072 Standard Guide for Obtaining Samples of Geosynthetic Clay Liners 

13. D6243 Standard Test Method for Determining the Internal and Interface Shear 
Resistance of Geosynthetic Clay Liner by the Direct Shear Method 

14. D6495 Standard Guide for Acceptance Testing Requirements for Geosynthetic Clay 
Liners 

B. Geosynthetics Research Institute (GRI): 

1. GRI-GCL3 - Standard Specification for Test Methods, Required Properties, and Testing 
Frequencies of Geosynthetic Clay Liners (GCLs) 

C. The most current version of the specified test method shall be followed by the 
MANUFACTURER, GEOSYNTHETICS CONTRACTOR or authorized testing laboratory. 

1.4 DEFINITIONS 

A. Minimum Value – Property value representing the lowest individual allowable value obtained 
when tested according to the specified test method.  This applies to individual readings, such 
as thickness; or, where only one specimen is tested for the specified parameter. 

B. Minimum Average Value – Property value representing the lowest allowable value for the 
average of results for the specimens tested.  

C. Minimum Average Roll Value (MARV) – Property value calculated as the average test result 
minus two standard deviations.  Statistically, this implies a 97.5 percent confidence that any 
specimen tested during quality assurance will exceed the value reported. 
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D. Nominal Value – Property value that is representative of a measurable property, determined 
under a set of prescribed test conditions, by which a product may be described.  

E. Typical Roll Value – Property value calculated as the average or mean obtained from test 
data. 

F. Unit – For the purposes of this project, a “Unit” shall be a single roll of geosynthetic material.  

G.  Lot - For the purposes of this project, a “Lot” will be defined as a single run of geosynthetic 
material from the same production equipment/extruder, where the tooling and raw materials 
of production have not changed during manufacturing.  

1.5 SUBMITTALS 

A. The GEOSYNTHETICS CONTRACTOR shall submit to the ENGINEER all items included 
in this Article.  For OWNER supplied GCL material, all submittals required for material 
certification from the MANUFACTURER shall be provided to the ENGINEER by the 
OWNER.  Submittals shall be provided as follows: 

1. Submitted with the BID: 

a) A project reference list demonstrating the GEOSYNTHETICS 
CONTRACTOR’S experience on a minimum of 5 projects, totaling at least 
two million square feet of installed GCL; or, the GEOSYNTHETICS 
CONTRACTOR shall provide satisfactory evidence through similar 
experience in the installation of geosynthetics, that the GCL will be installed 
in a competent, professional manner.   

b) A statement of the GCL MANUFACTURER’S experience, including the 
manufacturing and supplying company’s name, address and employee 
contact if material is not supplied by OWNER. 

c) A copy of the GCL MANUFACTURER’S Manufacturing Quality 
Assurance/Manufacturing Quality Control (MQA/MQC) Plan, if material is 
not supplied by OWNER. 

d) Long term creep test (ASTM D5262 (modified)) data demonstrating a 
maximum 4 mm displacement of the upper geotextile from lower geotextile 
when placed under a normal load of 500 psf, and a constant shear of 350 lbs 
over a 10,000 hour period. 

2. Fifteen days prior to site delivery, unless stated otherwise below: 

a) Resumes of all GCL installation crew members, including Supervisor and 
QC Manager, summarizing prior experience in installing GCL.  GCL 
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installation staff will be subject to approval by the ENGINEER and 
OWNER. 

b) Manufacturing Quality Control (MQC) Manufacturing Quality Assurance 
(MQA) test data for the material to be delivered to the site, if material is not 
supplied by OWNER.  The reports shall include the test results for samples 
obtained prior to and during the manufacture of the material to be delivered 
to the site. In the event that material is delivered prior to receipt of the 
manufacturer’s quality control certificates, the GCL without quality control 
certificates will be stored separate from material with certificates.  The GCL 
will be rejected if it does not meet the requirements of this Specification, or 
if it is found to have defects, rips, holes, flaws, deterioration or other 
damage deemed unacceptable by the ENGINEER.   

c) A certification from the manufacturer, if material is not supplied by 
OWNER, that the manufacturing process used to produce the GCL includes 
100% needle detection and a mechanism for removal of needles.  The 
certification must include verification that the needle detection and removal 
process has been applied to all GCL supplied to this project.   

d) Samples of the proposed GCL shall be sent to the OWNER, if not supplied 
by the OWNER, for interface shear testing within 5 days after such request 
is made by the OWNER.  The GCL MANUFACTURER shall coordinate 
the quantity and dimensions of the samples with the OWNER.   

e) Shop drawings including details of overlapping, seaming and anchoring. 

3. Upon Completion 

a) Summary and log of all laboratory quality control and quality assurance data 
obtained by the GEOSYNTHETICS CONTRACTOR.   

b) Summary and log of all field quality control data and information obtained 
by the GEOSYNTHETICS CONTRACTOR. 

c) Statement of material and installation warranties.   

1.6 PRODUCT DELIVERY, STORAGE, AND HANDLING 

A. The GEOSYNTHETICS CONTRACTOR shall be responsible for the protection of the GCL 
against damage during transportation to the site, if not supplied by OWNER, and during 
storage at the site.   The GEOSYNTHETICS CONTRACTOR shall be responsible for the 
protection of the GCL against damage prior to placement of the overlying geomembrane. 

B. The CONTRACTOR shall safely unload, transport to an appropriate staging area, and store the 
GCL until needed for installation.  
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C. GCL labeling, shipment, and storage shall follow ASTM D4873 and D5888, as modified by 
this Specification. 

D. Product labels shall be placed on the ends of the roll such that they can be seen when rolls are 
stacked, and shall clearly show the manufacturer or supplier name, style name, roll number, 
and roll dimensions. 

E. If any special handling is required, it shall be so marked on the outside surface of the 
wrapping, i.e., "Do not stack more than three rolls high", etc. 

F. The GCL shall be supplied dry (unhydrated, less than 40% moisture content) and be delivered 
to the site in undamaged plastic enclosures.   

G. Each GCL roll shall be wrapped with a material that will protect the bentonite from moisture 
and the GCL from damage due to shipment, water, sunlight and contaminants.  The 
protective wrapping shall be maintained during periods of shipment and storage.  If the 
wrapping is damaged prior to installation, the outer wrap of GCL must be discarded before 
installation. If the moisture content of the bentonite has become excessively high due to the 
damaged wrapper, as determined by the Engineer, the roll will be rejected.   

H. Storage areas shall be stable, dry, relatively flat and well drained.  During storage the GCL 
rolls shall be adequately covered and protected from the following: 

1. Site construction damage 

2. Exposure to ultraviolet (UV) radiation in excess of 14 days 

3. Precipitation 

4. Chemicals that are strong acids or strong bases 

5. Flames, sparks, temperatures in excess of 49 deg C (120 deg F) 

6. Any environmental condition that might damage the GCL. 

I. The GEOSYNTHETICS CONTRACTOR shall protect the work described in this Section 
before, during, and after installation, and shall protect the installed work specified in other 
Sections as well as work completed by the OWNER.  Only non-damaged, sufficiently dry 
material (as determined by the ENGINEER) shall be included within the construction. 

J. Roll numbers on partially used rolls shall be maintained such that each GCL roll number can 
be readily identified just prior to deployment of the remaining portions of the roll. 

K. Rolls that are determined to be damaged prior to the CONTRACTOR’S unloading from the 
delivery vehicle shall be reported to the ENGINEER and the OWNER, and such material 
shall be set aside for replacement by the OWNER. Rolls that are determined to be damaged at 
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any time after the CONTRACTOR’S unloading from the delivery vehicle shall be promptly 
replaced in kind by the CONTRACTOR at no additional cost to the OWNER. 

L. For storage longer than 9 months, rolls must be stored off the ground under an additional 
cover or tarp beyond the manufacturer’s wrapping or be placed within an enclosure. 

1.7 QUALITY ASSURANCE SAMPLING, TESTING AND ACCEPTANCE 

A. The GCL shall be subject to sampling and testing to verify conformance with this 
specification.  

B. The ENGINEER shall obtain conformance samples across the entire width of the rolls.  The 
GEOSYNTHETICS CONTRACTOR shall, at no additional cost to the OWNER, provide 
whatever reasonable assistance the ENGINEER may require in obtaining the samples.  
Unless otherwise specified, samples shall be three feet long by the roll width, and shall not 
include the outer wrap.  The ENGINEER shall mark the machine direction on the samples 
with an arrow, and shall mark the top and bottom of the sample.  Unless otherwise specified, 
conformance samples shall be obtained at the rate of one per 100,000 square feet.  An 
appropriate number of these samples, as determined by the ENGINEER in accordance with 
ASTM D4354, shall be forwarded to the CQA laboratory for conformance testing by the 
ENGINEER.  

C. Non-conforming material shall not be used in the work.  In the event non-conforming results 
are obtained from the laboratory, the nearest numbered rolls on each side of the non-
conforming roll shall be sampled and tested for the full suite of conformance tests, until the 
extent of non-conformance is established.  The OWNER reserves the right to reject the lot of 
rolls at any stage of extended sampling and testing. 

D. Conformance testing will be at the expense of the OWNER, unless the test shows the GCL 
does not comply with the Specifications, in which case the GEOSYNTHETICS 
CONTRACTOR (if material is not supplied by the OWNER) shall pay all re-sampling and 
testing cost.  The GEOSYNTHETICS CONTRACTOR shall be solely responsible for the 
quality of the material provided.  Should any of the tests performed on the material yield 
unsatisfactory results, the GEOSYNTHETICS CONTRACTOR will be responsible for 
replacing the material with satisfactory materials without delay to the project or cost to the 
OWNER. 

E. Conformance testing shall be conducted by a qualified laboratory with GAI-LAP 
certification.  The ENGINEER shall examine the material properties required by this Section 
against all results from laboratory testing.  Non-conforming material will not be used in the 
work.  Conformance testing shall be conducted according to ASTM D6495, for the following 
parameters: 

1. Mass Per Unit Area of Bentonite (ASTM D5993)  

2. Grab Tensile Strength of GCL (ASTM D6768) 
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3. Index Flux of GCL (ASTM D5887) 

F. Interface and internal shear strength testing of the GCL is the responsibility of the OWNER.  
All shear strength testing must be completed prior to installation of the materials.  Testing for 
interfaces involving GCL shall be conducted according to ASTM D6243.  The results must 
comply with the criteria required by the OWNER, as specified on the Drawings. 

PART 2 MATERIALS

2.1 GENERAL 

A. The GCL shall, at a minimum, consist of a shear-reinforced, needle punched composite of 
natural granular sodium bentonite clay encapsulated between one 3 ounce (nominal) and one 
6 ounce (nominal) geotextile.  The bentonite and finished product requirements are described 
in the following Parts, including the minimum Manufacturing Quality Assurance (MQA) and 
Manufacturing Quality Control (MQC) testing. 

B. The GEOSYNTHETICS CONTRACTOR shall provide the ENGINEER with certified 
laboratory data sheets from the GCL MANUFACTURER for MQC testing described in this 
Part, if material is not supplied by OWNER. 

2.2 BENTONITE 

A. The bentonite used for the production of the GCL shall be a natural granular (powdered 
bentonite shall not be used in the manufacture of the GCL) sodium bentonite.  The following 
table represents the minimum required Manufacturing Quality Assurance (MQA) testing that 
must be conducted by the GCL MANUFACTURER on the bentonite portion of the GCL.   

B. The bentonite shall be tested in accordance with ASTM D5889 for “Clay” as modified by the 
following table.  Testing shall be conducted at the frequencies listed in the following table 
and must meet the specified values: 
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PROPERTY TEST METHOD VALUE TEST 
FREQUENCIES 

Swell Index, mL/2g (min). ASTM D5890 24 1 per 50 tons 

Fluid Loss, ml (max) ASTM D5891 18 1 per 50 tons 

2.3 GEOSYNTHETIC CLAY LINER 

A. The following table represents the minimum required MQC testing that must be conducted by 
the GCL MANUFACTURER on the GCL.  The GCL shall be tested in accordance with 
ASTM D5889 as modified by the following table.  Testing shall be conducted at the 
frequencies listed in the following table and must meet the specified values: 

PROPERTY TEST 
METHOD 

VALUE 
TEST 
FREQUENCY 

Clay Mass / Area, dried (1), lb/ft2 (min.) ASTM D5993 0.75 1 / 40,000 ft2

Clay  Moisture Content(2), % (max) ASTM D4643 40 1 / 40,000 ft2

Grab Tensile Strength (3), lbs. (min. avg.) ASTM D6768 25 1 / 200,000 ft2

Index Flux, m3/m2/sec (max) ASTM D5887 1x10-8 Weekly(4)

Hydraulic Conductivity, cm/sec (max) ASTM D5887 5x10-9 Weekly(4)

GCL Peel Strength, lbs. (min.) ASTM D 6496 3.0 lbs/in 1 / 40,000 ft2

Component Durability 
geotextile and reinforcing yarns(5) (% 
strength retained)(4)

ASTM D5721 
ASTM D6768 

65 
Yearly 

GCL permeability( (cm/sec) (max. at 5 
lb/in2(6) 

GCL permeability  (cm/sec) (max. at 70 
lb/in2(6)

D6766 
D6766 mod. 

1 × 10-6

5 × 10-8 
yearly 
yearly 

GCL Hydrated Internal Shear Strength 
(min) (7)

ASTM D6243 
ASTM D5321 

see Note 7 Annually 

1. Dried bentonite is defined as 0 % moisture content. 
2. The moisture content of the bentonite in the finished GCL shall be between 20 and 40 percent, to ensure 

uniform bentonite distribution, consistent needle punch density, and adequate electrical conductivity to 
maximize leak location survey sensitivity. 

3. Tensile testing performed in machine direction. 
4. The last 20 values from each line of GCL manufactured must be reported.  
5. The geotextiles in their as-received condition are evaluated by incubation in a forced air oven per ASTM 

D5721 set at 60°C for 50 days. The minimum percent in tensile strength retained at break, as measured by 
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ASTM D6768, is 65%. If individual yarns are used in reinforcing GCLs, they must also meet this same 
endurance criterion. 

6. Value represents GCL permeability after permeation with a 0.1 M calcium chloride solution (11.1 g CaCl2 
in 1-liter water). 

7. Hydrated Internal Shear Strength shall be tested in accordance with SMI’s site-specific testing shear testing 
requirements.  The required internal shear strength will vary based on project-specific requirements.  
Internal shear strength tests will be assigned by the ENGINEER in accordance with the requirements 
provided in Section 2.4 and the design documents.  The manufacturer shall provide its most recent hydrated 
internal shear test results in accordance with their MQA/MQC requirements.    

B. The manufacturing process shall include a mechanism for needle detection and needle 
removal.  This mechanism shall be in operation throughout the production of all GCL rolls to 
be delivered to this site.  The MANUFACTURER shall issue a certification listing all rolls 
with which the mechanism was utilized. 

2.4 SHEAR TEST REQUIREMENTS 

A. Direct and interface shear strength test must be completed for the GCL (internal) as well as 
all GCL-related interfaces (e.g., GCL/textured HDPE geomembrane, and GCL/coarse sand) 
in accordance with ASTM D6243. 

B. Interface shear strength testing will be the responsibility of the OWNER using materials 
provided by the Geosynthetics Contractor (if material is not supplied by the OWNER).  
Materials used in interface shear testing shall be the same materials (e.g., same resin 
formulation, material properties, etc.) as those proposed for use.  The results must comply 
with the criteria determined by the OWNER, as specified in the Construction Drawings.  All 
testing must meet the minimum requirements, and the ENGINEER prior to installation of the 
materials must complete the analysis of those results.   

C. Reporting 

1. Reporting requirements for all internal and interface shear tests are as follows: 

a) Thickness of GCL during hydration; 

b) Initial moisture and dry density of GCL; 

c) Hydration process used; 

d) Change in thickness of GCL during hydration and whether equilibrium was 
reached prior to shearing; 

e) Normal stresses used; 

f) State location of failure surface/interface; 

g) Identify the presence of any bentonite extrusion on the adjacent materials; 
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h) Peak and residual shear stresses at each normal load; 

i) Plot shear force vs. horizontal displacement;  and 

j) Plot shear stress vs. normal stress. 

PART 3 EXECUTION

3.1 SITE PREPARATION 

A. The surface to be covered by the GCL shall be cleared of sharp objects, sticks, or any 
materials that may contribute to punctures, shearing, rupturing or tearing of the geosynthetic 
materials.  The GCL subgrade shall have a smooth, finished surface, free from pockets, holes, 
soft spots, ruts, and discontinuities that will cause bridging and overstress the material as 
determined by the ENGINEER.  

3.2 INSTALLATION 

A. The GEOSYNTHETICS CONTRACTOR shall furnish the GCL roll number to the 
ENGINEER prior to the installation of each panel. 

B. The GEOSYNTHETICS CONTRACTOR shall maintain the GCL in a dry state up to and 
including the time that the primary geomembrane is accepted by the OWNER.  The GCL 
must have, at a minimum, the confining load of the leachate collection system blanket drain 
in place prior to hydration. 

C. GCL shall not be placed on wet subgrade or during a precipitation event.  Any GCL that 
becomes hydrated prior to covering with geomembrane shall be removed and replaced by the 
GEOSYNTHETICS CONTRACTOR at no additional cost to the OWNER.  In the event 
hydration occurs prior to placement of the leachate collection system blanket drain, all 
hydrated GCL must be removed and replaced with unhydrated material. 

D. When a textured geomembrane is installed over the GCL, a slip sheet shall be used to 
minimize raveling of the GCL, unless it can be demonstrated by the Contractor that 
alternative means of geomembrane deployment can be used.  In all instances, the method for 
installation must be approved by the ENGINEER and verified in the field with the specific 
equipment proposed.   The ENGINEER may inspect deployed geomembrane to confirm that 
no raveling of GCL panels has occurred.        

E. The GEOSYNTHETICS CONTRACTOR shall install only as much GCL as can be covered 
and protected by the overlying geomembrane.  The GEOSYNTHETICS CONTRACTOR 
shall sequence placement of the 60 mil HDPE geomembrane so as to prevent damage, 
hydration or excessive drying of the GCL.  GCL deployment shall be limited during periods 
of impending wet weather such that a minimum of GCL is uncovered at any given time. 
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F. The GCL panels shall be installed free of tension and without folds or creases.  Panels shall 
be staggered by approximately 5 feet (or greater) such that cross seams between panels are 
not continuous throughout the lined area.   

G. The GCL seams must be primarily oriented parallel to the line of maximum slope (i.e., 
oriented along, not across the slope). 

H. The GCL seams shall be constructed by overlapping adjacent edges of the panels.  Care shall 
be taken to ensure that the overlap zone is not contaminated with loose soil or other debris.  
The minimum dimension of the longitudinal overlap shall be 12 inches. End-of-roll 
overlapped seams shall be similarly constructed, but the minimum overlap shall measure 24 
inches.  Seams at the ends of the panels shall be constructed such that they are shingled in the 
direction of the grade to prevent the potential for runoff to flow below the overlap zone. 

I. Bentonite enhanced seams shall be constructed between the overlapping adjacent panels 
described above.  The underlying edge of the longitudinal overlap shall be exposed and a 
continuous bead of granular sodium bentonite shall be applied along a zone defined by the 
edge of the underlying panel and the 6 inch line.  A similar bead of granular sodium bentonite 
shall be applied at the end-of-roll overlap.  The granular bentonite shall be applied at a 
minimum rate of one quarter pound per lineal foot or as recommended by the manufacturer.  
If the GCL is manufactured with a grooved cut in the nonwoven geotextile that allows 
bentonite to freely extrude into the longitudinal overlap then no bentonite-enhanced seam is 
required for this overlap.   

J. For areas of double GCL (e.g., below leachate collection pipes), the seams of the top layer 
shall be offset by 5 feet to the seams of the bottom layer.  The edges of the upper GCL shall 
be tacked to the lower GCL.   

K. The GEOSYNTHETICS CONTRACTOR shall be responsible for the protection of the GCL 
during the installation.  In no way shall any tracked equipment, or any other equipment which 
may pose a risk of puncturing, tearing, or otherwise damaging the GCL, be permitted to 
operate on the GCL. 

L. Any use of ATV’s on the site must be pre-approved by the ENGINEER.  The 
GEOSYNTHETICS CONTRACTOR shall submit an S.O.P. describing how ATV’s are to be 
used, if at all, in the deployment of GCL at the site.  As a minimum, the following shall 
apply: 

1. Any damage resulting from the use of ATV’s, as determined by the ENGINEER, shall be 
repaired according to Article 3.3, at no additional cost to the OWNER.  If 
repeated repairs are required as the result of the use of ATVs operating on geosynthetic 
material, further use of ATVs will be prohibited. 

2. Any and all ATV’s proposed to be used in the deployment of geosynthetics will be 
inspected by the ENGINEER.  ATV’s which are found to be leaking oil or fuel, or which 
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in any other way exhibit the potential to damage the lining system components, will not 
be permitted. 

3. Any oil or fuel which leaks onto geosynthetic materials shall be thoroughly removed 
(cleaned) by the GEOSYNTHETICS CONTRACTOR, or the geosynthetic material shall 
be replaced at the discretion of the ENGINEER, at no additional cost to the OWNER. 

4. Re-fueling of ATVs on geosynthetic materials is prohibited. 

5. ATVs shall have tires with low ground pressure, typically less than 5 psi, and shall have 
shallow treads. 

6. ATVs shall be operated by a single operator at speeds less than 5 mph. 

7. Quick starts, stops, spinning wheels and sharp turns will not be permitted above any 
geosynthetic material. 

3.3 IN-FIELD NEEDLE DETECTION AND REMOVAL 

A. Every panel of GCL that is placed during installation must be inspected for the presence of 
needles resulting from the manufacturing process or other materials that may damage the 
adjacent geomembrane.  All delivered material is to be scanned for needles and needle 
fragments and all detected needles and needle fragments are removed.  The 
GEOSYNTHETICS CONTRACTOR shall allow the ENGINEER time to access the placed 
panels during installation to perform this inspection. 

B. The ENGINEER will use a metal detecting device that can accurately detect a metal needle 
that is as small as 3/8-inch in length.  The proposed device will also be able to detect the 
needle if it is rusted (as a result of the moisture in the bentonite). 

C. The GEOSYNTHETICS CONTRACTOR is responsible for ensuring that any needles in the 
GCL are removed and the GCL is repaired as needed.  The following procedure and criteria 
will apply for the in-field needle detection process: 

1. The full width and length of each panel shall be scanned by the ENGINEER.  If a 
needle is detected, the location is to be marked on the panel, the needle removed, and 
the general location noted on the GEOSYNTHETICS CONTRACTOR’s daily forms.  
The panel number, roll number and date shall be recorded.  The total number of needles 
found per panel shall be recorded.  If the needle cannot be removed without damaging 
the geotextile portion of the GCL the area is to be cut out and a patch placed over the 
hole.  The smallest area necessary should be removed in order to remove the needle. 

2. Any repairs made to the GCL or removal and replacement of rejected material shall be 
performed by the GEOSYNTHETICS CONTRACTOR.  The MANUFACTURER shall 
be responsible for costs incurred by the OWNER and/or GEOSYNTHETICS 
CONTRACTOR for repairs and/or removal/replacement made to the GCL due to the 
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presence of needles.   The OWNER will only be responsible for payment of approved 
material that has been demonstrated, to the satisfaction of the ENGINEER, to be needle-
free by the GEOSYNTHETICS MANUFACTURER. 

D. Any replacement panels must be evaluated in accordance with Part 3, Article 3.2 Paragraphs 
1 through 5 of this Section. 

3.4 REPAIRS 

A. Repairs are to be made as soon as possible after deployment. 

B. Damage to the GCL shall be repaired in the following manner: 

1. The damaged area shall be cleared of dirt and debris. 

2. A patch of GCL shall be cut to extend a minimum of 12 inches beyond the damaged 
area. 

3. Granular bentonite shall be placed around the perimeter of the damaged area at a rate of 
0.5 pounds per linear foot. 

4. The patch shall be placed over the damaged area and secured with an adhesive or heat 
tacking to keep the patch in position as the overlying geomembrane is installed.  The 
adhesive shall be approved by the GCL MANUFACTURER and the ENGINEER. 

PART 4 FIELD QUALITY ASSURANCE/QUALITY CONTROL PROGRAM

4.1 GENERAL 

A. Before installation begins, and weekly thereafter, (more often if determined necessary by the 
ENGINEER) project coordination meetings shall be held with the designated representative 
of the EARTHWORKS CONTRACTOR, GEOSYNTHETICS CONTRACTOR, 
ENGINEER, and OWNER in attendance to review the following information: 

1. Progress of the work. 

2. Adherence to the Specifications 

3. Adherence to the Construction Quality Control Program described in this Section, 
including the timely submission of the pertinent forms. 

4. Planned work and methods for the ensuing week, including estimate of time remaining 
to completion of the work. 

5. Problem resolutions to be implemented during the upcoming week. 
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B. All information specified and required must be submitted to the ENGINEER in a timely 
fashion.  No material shall be installed before the interface and internal shear strength results 
show that the GCL meets the Specifications. 

C. Any changes in the proposed method of work, subcontractors to be utilized, manufacturing or 
materials must be approved in advance by the ENGINEER.  The GEOSYNTHETICS 
CONTRACTOR assumes all responsibility relevant to providing an acceptable product, 
unless material is supplied by the OWNER.  

D. The GEOSYNTHETICS CONTRACTOR, before installation begins, shall appoint an 
experienced individual who will be on-site at all times during the installation, to represent 
him in all matters relevant to this work.  This appointment shall be subject to approval by the 
ENGINEER. 

E. Any changes in the proposed method of work, manufacturing or GCL material must be 
approved in advance by the ENGINEER. 

4.2 INSTALLATION QA/QC 

A. The GEOSYNTHETICS CONTRACTOR and ENGINEER shall inspect the subgrade for 
unsuitable areas or soft spots before the GCL is placed.  Additional subgrade surface cleaning 
or preparation may be required to eliminate deleterious materials and any unsuitable areas as 
defined by this Section, or as determined by the ENGINEER. 

B. Damage to GCL during installation shall be repaired according to Article 3.4 of this Section.  
If the ENGINEER determines that the damage is un-repairable, the damaged area will be 
replaced. 

C. The ENGINEER and GEOSYNTHETICS CONTRACTOR shall visually inspect all material 
to be included in the work, and compare roll identification numbers with those on the 
certification provided by the manufacturer to assure delivery of the appropriate material. 

D. The GCL shall be inspected continuously by the ENGINEER and GEOSYNTHETICS 
CONTRACTOR for the presence of broken needles in the GCL.  A hand held metal detector 
shall be used at the time of initial deployment of the GCL to verify the MANUFACTURERS 
MQC data on needle detection.   

E. All panel seams shall be inspected and approved by the ENGINEER prior to covering.  The 
ENGINEER shall confirm the overlap length is sufficient to prevent gaps between adjacent 
GCL panels after potential dehydration due to placement of the overlying geomembrane liner. 

F. The ENGINEER shall inspect the installed GCL system to ensure the requirements of this 
Specification have been met.  In the event the requirements have not been met, the 
GEOSYNTHETICS CONTRACTOR shall make appropriate corrections at no additional 
cost to the OWNER. 
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4.3 WARRANTY 

A. The GEOSYNTHETICS CONTRACTOR shall issue a warranty on the installation of GCL 
for a minimum period of 1 year. 

B. The GEOSYNTHETICS CONTRACTOR shall issue a warranty on the GCL material, if 
supplied by CONTRACCTOR, for a minimum period of 5 years. 

END OF SECTION 
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SECTION 02440 

LEACHATE DRAINAGE LAYER 

PART 1  GENERAL 

1.1 SECTION INCLUDES 

A. CONTRACTOR shall furnish all labor, materials, equipment, tools and appurtenances 
required to complete the work of placing, and grading secondary and primary drainage layer 
material as shown, specified or required. 

B. Materials for drainage layers shall be provided by the OWNER. 

1.2 RELATED SECTIONS 

A. Section 02595 – Geotextile 

B. Section 02597 – HDPE Liner 

C. Section 02599 – Geosynthetic Drainage Composite 

D. Section 02650 – Polyvinyl Chloride (PVC) Pipe 

PART 2  PRODUCTS 

2.1 MATERIALS 

A. Leachate collection media, unless otherwise specified, shall come from off-site sources and 
shall be approved by the ENGINEER prior to placement. 

B. Leachate collection media shall be supplied by OWNER, and managed in all respects by 
CONTRACTOR as necessary to handle, transport on-site, and place material. 

C. All leachate collection media shall be free from organic matter, wood, trash, and other 
objectionable materials or which may result in damage to any adjacent geosynthetics, to the 
satisfaction of the ENGINEER. Snow, ice, and frozen material shall not be permitted. 

2.2 LEACHATE DRAINAGE STONE (PRIMARY DRAINAGE LAYER) 

A. Leachate collection stone is typically used for the lower 1-foot of the primary leachate 
collection drainage layer on liner base slopes (less than or equal to 25%) in conjunction with 
a protective geotextile cushion(s) placed on the geomembrane.  An additional 1-foot 
thickness of leachate collection stone may be utilized in lieu of tire chips, as approved by the 
OWNER.  Stone used above the initial 1-foot lift may be of different gradation than that used 
for the initial 1-foot lift, as approved by the ENGINEER. 
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B. Leachate collection stone shall consist of a clean, durable, rounded, poorly graded gravel free 
of slag and angular material that could damage the geomembrane.  Leachate collection stone 
is typically installed over a geocushion(s).  The required geocushion(s) shall be determined 
by the ENGINEER prior to placement of primary drainage stone.

C. Interface Shear Testing – Interface shear strength testing of the geotextile and related 
materials will be the responsibility of the OWNER using materials provided by the 
Geosynthetics Contractor (if material is not supplied by OWNER).  Materials used in 
interface shear testing shall be the same materials (e.g., same resin formulation, material 
properties, etc.) as those proposed for use.  The results must comply with the criteria 
determined by the OWNER, as specified in the Construction Drawings.  All testing must 
meet the minimum requirements, and the ENGINEER prior to installation of the materials 
must complete the analysis of those results.  Testing for geosynthetic to geosynthetic or 
geosynthetic to soil interface shall be conducted according to the current version of ASTM 
D5321. The Engineer shall assign testing requirements.  The minimum required permeability 
for the lower 1-foot of primary leachate collection media on baseliner slopes (less than or 
equal to 10%) is 3 cm/s.   Specific requirements for permeability will be determined by the 
ENGINEER.   

D. The minimum stone size specified for primary leachate collection stone shall be a NYSDOT 
No. 1 stone. The maximum allowable stone size for primary leachate collection will be 
determined based on a project-specific basis.  This determination must include the evaluation 
of the proposed geocushion and stone combination under load.   

E. The CONTRACTOR shall submit to the ENGINEER for approval suitable evidence that the 
proposed material to be used for leachate collection stone meets the above requirements, if 
material is not supplied by OWNER. 

F. The maximum percentage of material passing the No. 200 sieve is 5%. In no case shall 
material containing greater than 5% fines (i.e., passing the No. 200 sieve) be used in the 
leachate collection system. 

G. The leachate drainage stone must have no more than 15 percent calcium carbonate equivalent 
as determined by appropriate test methods using a solution with a pH representative of 
landfill leachate. 

H. The material used for the leachate drainage stone shall be free of any organic material.  

I. The minimum required permeability for primary leachate collection material on the side 
slopes (>10% slopes) is 0.1 cm/s   

J. The minimum required permeability for primary leachate collection material on the floor 
(<10% slope) is 3.0 cm/s  

2.3 LEACHATE COLLECTION MATERIAL (SECONDARY DRAINAGE LAYER) 

A. Leachate collection material shall consist of a washed coarse sand or coarse sand/fine gravel 
mixture. 
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B. Leachate collection material is used in the secondary leachate collection system (in areas 
with slopes less than or equal to 25%) and on primary liner sideslopes (areas with slopes 
greater than 25%).  An additional 1-foot thickness of leachate collection material may be 
utilized on primary liner sideslopes in lieu of tire chips, as approved by the ENGINEER.  

C. The gradation of the leachate collection material must be approved by the ENGINEER based 
on permeability testing and geocushioning requirements. The ENGINEER will provide 
gradation parameters for subsequent CQA testing. 

D. The maximum percentage of material passing the No. 200 sieve is 5%. In no case shall 
material containing greater than 5% fines (i.e., passing the No. 200 sieve) be used in the 
leachate collection system. 

E. The leachate collection material must have no more than 15 percent calcium carbonate 
equivalent as determined by appropriate test methods using a solution with a pH 
representative of landfill leachate. 

F. The minimum average permeability for secondary leachate collection material is 0.1 cm/s as, 
based on anticipated geocomposite transmissivities and location of collection pipes.     

2.4 PIPE BEDDING STONE 

A. Leachate collection pipes shall be bedded in clean, durable, angular No. 1 or No. 2 stone. 

B. Pipe bedding stone shall meet the gradation provided in Section 2.1, above for No.1 or No. 2 
stone. 

C. The pipe bedding stone shall be sized appropriately for the pipe perforation diameter. 

D. Pipe bedding shall be placed to minimum widths of 3’ over the leachate collection pipe to the 
top of the leachate collection layer for a total minimum thickness of 2.5 feet.  Pipe bedding 
stone shall be placed to an elevation flush with surrounding tire chips. 

E. The pipe bedding stone must have no more than 15 percent calcium carbonate equivalent as 
determined by appropriate test methods using a solution with a pH representative of landfill 
leachate. 

2.5 TIRE CHIPS 

A. The upper 18 inches of primary leachate collection system shall consist of tire chips supplied 
by the OWNER. 

B. Tire chips shall consist of a 12” minus material comprised of chipped or shredded tires.  
Whole or unsectioned tires shall not be permitted. 

C. Tire chips shall exhibit a minimum permeability of 0.1 cm/s. 

D. Tire chips should exhibit recommended gradation specified in Table 3, below.  Deviations 
from this gradation must be approved by the Engineer as suitable material. 
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Table 3 
Tire Chip Gradation 

Sieve Size Percent Passing
Sieve Size Percent Passing
12 in. 95 – 100
6 in. 80 -100
1½ in. 25 – 50
No. 4 5
No. 200 < 5

2.6 TESTING 

A. The CONTRACTOR shall submit to the ENGINEER for approval, evidence the proposed 
materials are appropriate (if material is not supplied by OWNER), including but not 
necessarily limited to, grain size analysis (ASTM D422) and constant head permeability 
(ASTM D2434) test data. This information is to be provided for each source of material, or 
when in the opinion of the ENGINEER, the material is different in any way from the 
originally tested and approved material. 

B. The CONTRACTOR shall submit a 100-lb. sample of proposed material to be used by the 
ENGINEER in material approval, including evaluation of geocushion requirements, interface 
shear testing, and gradation/permeability testing. 

C. At the discretion of the ENGINEER, geocushion testing of the proposed primary drainage 
stone shall be performed for each proposed primary drainage stone and geotextile cushion.  
Geocushion test procedures shall consist of a static load test to be assigned by the 
ENGINEER on a project-specific basis.  The test shall evaluate the geocushion for puncture 
and deformation of the geomembrane.   

D. The CONTRACTOR shall not proceed with placement of material until the ENGINEER has 
approved the proposed material. 

E. If in the opinion of the ENGINEER the CONTRACTOR'S proposed material is unsuitable 
for the proposed application, the CONTRACTOR shall submit the above evidence for 
material of another type or from another source for consideration by the ENGINEER. 
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PART 3 EXECUTION 

3.1 PLACEMENT 

A. Leachate drainage layer media shall not be placed until the ENGINEER has approved the 
installation of the underlying geomembrane liner and, where applicable, geocushion. 

B. The drainage layers shall be placed as shown in the drawings in one 12- or 18-inch lift (as 
appropriate).  

C. Pipe bedding shall be placed in accordance with the requirements provided in Section 02660 
– HDPE Pipe or 02650 – PVC Pipe. 

D. The CONTRACTOR shall use extreme care in the placing of the drainage layer media in the 
primary drainage layer over any geosynthetics. The CONTRACTOR shall advise the 
ENGINEER of his proposed approach for the use of wheeled and tracked vehicles in the 
hauling and spreading of the material. The routing of trucks shall consider the impact on the 
underlying liner system and the proposed approach must as a minimum address the 
placement, orientation and slope of access ramps/roadways, the minimum thickness of 
material to be placed over the geosynthetics along truck access routes and the methods that 
will ensure the cleanliness of the materials. All procedures and equipment to be used in this 
operation shall be approved by the ENGINEER. 

E. Grading and filling operations shall proceed from the bottom of the slope toward the top 
when possible. Alternate schemes shall be performed only as approved by the ENGINEER. 

F. During placement of granular drainage media, the CONTRACTOR shall take care to ensure 
that: 

1.  The geosynthetics remain undamaged and intact during the installation of the coarse 
sand in the primary drainage layer. 

2.  During installation, the maximum wrinkle shall not exceed a height to width ratio of 
0.5, or as deemed acceptable by the ENGINEER. All unacceptable wrinkles shall be 
trapped during installation to prevent excessive spreading. The wrinkles must not be 
folded over during the installation. The requirements of Section 02597, addressing 
geomembrane criteria, shall be adhered to during material placement. 

3.  Placement of drainage media on geosynthetics shall be performed during cooler periods 
such as morning or late afternoon to the extent practicable. 

4.  No foreign material is mixed into the media that may produce clogging or restrict the 
ability of the layer to transmit water or leachate. 

5.  No unapproved trafficking occurs on the uncovered geosynthetics. 
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G. Leachate drainage layer media shall not be placed until the ENGINEER has approved the 
installation of the underlying geomembrane liner and, where applicable, geocushion. 

H. The drainage layers shall be placed as shown in the drawings in a single lift 

I. Tire chips may not be placed over leachate collection stone or sand until the ENGINEER has 
approved the installation of the underlying drainage layer. Tire chips may not cover any 
leachate collection pipe, sump or tee. 

J. Pipe bedding material must be placed flush with the top of surrounding grade (tire chips). 

K. The drainage layers shall be placed as shown in the drawings in one 12- or 18-inch lift (as 
appropriate). 

PART 4 FIELD QUALITY CONTROL/QUALITY ASSURANCE 

4.1 GENERAL 

A. The ENGINEER will maintain a construction control grid. The control grid shall have 
defined positions across the area of the proposed baseliner. All aspects of construction shall 
be defined by the control grid including, but not limited to tops and toes of slope, leachate 
collection headers, laterals and cleanout risers, berms, manholes, roadways and culverts. The 
construction control grid shall be established in rectangular coordinates, and lie in the same 
orientation with the established site grid. 

B. The ENGINEER shall obtain grain-size analysis for the primary and secondary drainage 
layer from the Manufacturer/Supplier prior to placement for material approval prior to 
installation. During installation, The ENGINEER shall obtain grain-size analysis for the 
primary and secondary drainage layer material from CQA laboratory at a minimum rate of 1 
sample for every 1,000 cubic yards of material placed.  

C. The placement of the granular drainage layer over the secondary and primary geomembrane 
liner shall be observed by the ENGINEER. The cleanliness and overall integrity of the 
geomembrane liner shall be confirmed by the ENGINEER immediately prior to the 
placement of material. Under no circumstance shall damaged or unsuitable geomembrane be 
covered. 

D. The thickness of the primary drainage layer shall be determined by hand excavation at 
random intervals approved by the ENGINEER. GPS lift thickness checks shall be used to 
augment and reduce the number of required hand excavation locations in order to minimize 
potential damage to underlying geosynthetics.   

E. A laboratory constant head permeability test shall be performed by the ENGINEER for 
approval for each borrow source prior to installation.  The ENGINEER shall obtain 
laboratory constant head permeability tests results for primary and secondary drainage layer 
material from a CQA laboratory at a minimum rate of one test for every 2,500 cubic yards for 
drainage material delivered to the site and after placement at a rate of at least one test for 
every 2,500 cubic yards for drainage material placed.  
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F. At least one long-term (100-hour) constant head permeability test should be performed for 
each source of tire chips to be performed at the anticipated maximum design load for tire 
chips. Additional testing should be performed at the maximum anticipated design loads. 

G. If tire chips are used in the upper portion of the primary drainage layer (minimum 12 inches 
above the primary liner) the gradation and permeability testing frequencies can be reduced if 
approved by the ENGINEER. 

H. The ENGINEER will be responsible for notifying NYSDEC regarding any changes in 
material sources as well as changes in the required sampling frequencies. 

END OF SECTION 
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SECTION 02589 

LEAK DETECTION SURVEY 

PART 1 GENERAL 

1.1 SECTION INCLUDES 

A. Requirements for performance of a geomembrane leak location survey using electrical 
methods for installed performance of the primary and secondary geomembranes of a double 
geomembrane liner system in areas with slopes of 10% or less.  

B. Requirement to perform a geomembrane leak location survey after geocomposite and soil 
drainage layers are placed on the secondary geomembrane. 

C. Requirement to perform a geomembrane leak location survey after geotextile and soil 
drainage layers are placed on the primary geomembrane. 

D. The optimum performance of a geomembrane leak location survey using electrical methods 
requires the conductive media above and below the geomembrane to be electrically isolated 
from each other except through the leaks being located in the geomembrane.  It is also 
necessary to have a continuous electrically conducting pathway through an electrically 
conducting material above the geomembrane, through the leaks, and through an electrically 
conducting media under the geomembrane.   

E. The leak location survey shall be conducted after the soil drainage materials are installed 
over the geomembrane liners to detect leaks resulting from construction damage caused 
during placement of the soil drainage materials. 

F. Leak detection surveys shall be performed by a qualified LEAK LOCATION 
CONTRACTOR, hired by the ENGINEER or OWNER, and who is independent of the 
GEOSYNTHETICS CONTRACTOR. 

1.2 RELATED SECTIONS 

A. Section 02440 – Leachate Collection Drainage Layer 

B. Section 02597 – HDPE Geomembrane 

C. Section 02278 - Geosynthetic Clay Liner 

D. Section 02595 – Geotextile 

E. Section 02599 – Geocomposite Drainage Layer 

1.3 REFERENCES 

A. American Society for Testing and Materials (ASTM): 
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1. D4439 Terminology for Geosynthetics 

2. D6747 Guide for Selection of Techniques for Electrical Detection of Potential Leak 
Paths in Geomembranes 

3. D7007 Standard Practices for Locating Leaks in Geomembranes Covered with Water or 
Earth Materials 

B. The most current version of the specified test method shall be followed by the LEAK 
LOCATION CONTRACTOR. 

1.4 DEFINITIONS 

A. Artificial leak- an electrical simulation of a leak in a geomembrane. 

B. Current source electrode - the electrode that is placed in the water or earth material above the 
geomembrane. 

C. Dipole measurement - an electrical measurement made on or in a partially conductive 
material using two closely-spaced electrodes. 

D. Earth material - sand, gravel, clay, silt, combinations of these materials, and similar materials 
with at least minimal moisture for electrical current conduction. 

E. Leak - any unintended opening, perforation, slit, tear, puncture, crack, hole, cut, or similar 
breaches through an installed geomembrane. Significant amounts of liquids or solids might 
or might not flow through a leak. Scratches, gouges, dents, or other aberrations that do not 
completely penetrate the geomembrane are not considered to be leaks.   

F. Leak detection sensitivity - the smallest size leak that the leak location equipment and survey 
methodology are capable of detecting under a given set of conditions. The leak detection 
sensitivity specification is usually stated as a diameter of the smallest leak that can be 
reliably detected.   

G. Noise - the unwanted part of a measured signal contributed by phenomena other than the 
desired signal.   

H. Potential - electrical voltage measured relative to a reference point. 

1.5 SUBMITTALS 

A. Contractor shall submit a Leak Location Survey Work Plan to the ENGINEER for approval 
prior to commencement of the leak location survey.  The Leak Location Survey Work Plan 
shall include: 

1. Qualifications of the proposed LEAK LOCATION CONTRACTOR to include the 
number of years the LEAK LOCATION CONTRACTOR has performed the proposed 
survey method.  CONTRACTOR shall employ the services of Leak Location Services, 
Inc. or an OWNER approved equal; 

2. Resumes of proposed on-site supervisors; 
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3. Description of the proposed survey method, and procedures; 

4. Required site preparations; 

5. Estimated duration of survey; 

6. Quality control and field calibration procedures; 

7. A list of projects demonstrating the qualifications and experience where the proposed 
LEAK LOCATION CONTRACTOR and leak location supervisor have met the 
requirements of paragraph 2.1 of this specification.   

8. Sample of a final report (per ASTM D 7007) provided by the LEAK LOCATION 
CONTRACTOR following the completion of the survey. 

B. Final certification or report from LEAK LOCATION CONTRACTOR that the entire 
designated area has been surveyed. 

PART 2 PRODUCTS 

2.1 LEAK LOCATION CONTRACTOR AND SUPERVISOR QUALIFICATIONS 

A. The LEAK LOCATION CONTRACTOR shall have qualifications and experience in 
conducting the proposed survey method including having tested a minimum of 5,000,000 
square feet of geomembrane liner within the previous three years.  In addition, the leak 
location surveys must be supervised by a professional or technician with a minimum of three 
years and 1,000,000 square feet of liner testing experience using the proposed leak location 
survey method.  The leak location supervisor must be on-site full-time during the 
performance of the leak location survey.   

PART 3 EXECUTION 

3.1 REQUIRED INFORMATION 

A. The Project Manager will provide the LEAK LOCATION CONTRACTOR with drawings 
showing: 

1. All layers constituting the liner system; 

2. Details and locations of liner penetrations; 

3. Peripheral details, including welds between primary and secondary liners, and welds to 
adjacent lining systems. 

4. Structures and obstructions above the liner. 

5. Electrical equipment above the primary liner.  
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3.2 SITE PREPARATION 

A. The LEAK LOCATION CONTRACTOR will identify actions required by the 
OWNER/ENGINEER to prepare the site for a survey, including means to make electrical 
contact with the conductive material under the primary geomembrane.   

B. CONTRACTOR shall ensure that the earth materials above and below the geomembrane 
contains sufficient moisture to conduct a leak location survey.  Typically, a moisture content 
of the soils operation layer of one to two percent by weight is sufficient to conduct the 
survey.  If the moisture content of the soils operation layer is not sufficient per the 
requirements of the LEAK LOCATION CONTRACTOR, then the CONTRACTOR shall 
add sufficient water to the soils as required. 

C. CONTRACTOR shall provide electrical isolation between the material above and below the 
primary geomembrane.  This will be the case if the primary and secondary geomembrane are 
welded together.  Isolation can also be accomplished by leaving dry geomembrane exposed 
around the perimeter of the section or leaving a dry section of bare liner protruding from the 
back-filled anchor trench.  Other methods can also be used if effective.  In addition, any 
conducting penetrations through the primary geomembrane such as metal pipes or concrete 
structures should also be isolated as above or through using complete insulating coatings. 

3.3 EXECUTION 

A. General Requirements  

1. The LEAK LOCATION CONTRACTOR shall inspect the site prior to commencing the 
survey to ensure all site preparations are completed and the site conditions are 
appropriate for conducting the leak location survey. 

2. Any discrepancy in the required site preparation described in the Leak Location Survey 
Work Plan or site conditions shall be reported to the CONTRACTOR for corrective or 
appropriate action. 

3. After the earth materials are added above the geomembrane, conduct a leak location 
survey on the earth materials using the procedures for surveys with earth materials 
covering the geomembrane described in the latest version of ASTM Standard D7007. 

4. The LEAK LOCATION CONTRACTOR shall inform the ENGINEER and mark the 
locations of all identified or indicated leaks with flags, spray paint, or written 
coordinates. 

B. Reporting 

1. The LEAK LOCATION CONTRACTOR shall provide a written report within 14 
calendar days of completion of the leak location survey field work as described in 
ASTM D7007.  

END OF SECTION 
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SECTION 02590  

 ROLLED EROSION CONTROL PRODUCTS 

PART 1 GENERAL

1.1 SECTION INCLUDES 

A. The CONTRACTOR shall furnish all labor, materials, equipment, tools and appurtenances 
required to complete the installation of all rolled erosion control products (RECP) to control 
erosion, enhance vegetation establishment, and survivability on slopes and channels, or 
where otherwise shown on the Drawings, complete with appurtenances, as shown, specified 
or required on the Drawings.   

B. The work shall include construction and maintenance of temporary and permanent rolled 
erosion control products used for erosion protection on slopes as well as lining of stormwater 
conveyance swales and downchutes for those areas shown on the Drawings.  The work will 
include, but is not necessarily limited to installation and maintenance of the following 
stormwater control features: 

 Slope Protection 

 Downchutes 

 Diversion Swales 

 Perimeter Swales 

1.2 RELATED SECTIONS 

A. Section 02130 - Structural Measures for Erosion and Sediment Control 

B. Section 02595 – Geotextiles 

C. Section 02235 – Topsoil 

1.3  REFERENCES 

A. American Society for Testing and Materials (ASTM): 

1. D4354, Standard Practice for Sampling of Geosynthetics for Testing.  

2. D543, Test Method for Resistance of Plastics to Chemical Reagents.  

3. D792, Specific Gravity and Density of Plastics by Displacement.  
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4. D1117, Methods of Testing Nonwoven Fabrics.  

5. D1388, Test Methods for Stiffness of Fabrics.  

6. D1776, Standard Practice for Conditioning.  

7. D1777, Standard Test Method for Measuring Thickness of Textiles.  

8. D4595, Standard Test Method for Tensile Properties of Geotextiles by the Wide-Width 
Strip Method.  

9. D5035, Test Method for Breaking Force and Elongation of Textile Fabrics.  

10. D5199, Test Method for Measuring Nominal Thickness of Geotextiles and 
Geomembranes.  

11. D5261, Test Method for Measuring Mass per Unit Area of Geotextiles. 

12. D6454, Standard Test Method for Determining the Short-Term Compression Behavior of 
Turf Reinforcement Mats 

13. D6475, Standard Test Method for Measuring Mass Per Unit Area of Erosion Control 
Blankets 

14. D6524, Standard Test Method for Measuring the Resiliency of Turf Reinforcement Mats 

15. D6525, Standard Test Method for Measuring Nominal Thickness of Permanent Rolled 
Erosion Control Products 

16. D6566, Standard Test Method for Measuring Mass Per Unit Area of Turf Reinforcement 
Mats 

17. D6567, Standard Test Method for Measuring the Light Penetration of a Turf 
Reinforcement Mat 

18. D6575, Standard Test Method for Determining Stiffness of Geosynthetics Used as Turf 
Reinforcement Mats 

B. Erosion Control Technology Council 

1. Standard Specification for Rolled Erosion Control Products – October 2005 or latest 
verion 

1.4 DEFINITIONS 

A. Minimum Value – Property value representing the lowest individual allowable value obtained 
when tested according to the specified test method.  This applies to individual readings, such 
as thickness; or where only one specimen is tested for the specified parameter. 
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B. Minimum Average Value – Property value representing the lowest allowable value for the 
average of results for the specimens tested. 

C. Minimum Average Roll Value (MARV) – Property value calculated as the average test result 
minus two standard deviations.  Statistically, this implies a 97.5 percent confidence that any 
sample tested during quality assurance will exceed the value reported. 

D. Nominal Value – Property value that is representative of a measureable property, determined 
under a set of prescribed test conditions, by which a product may be described. 

E. Typical Roll Value – Property value calculated as the average or mean obtained from test 
data. 

F. Unit – For the purposes of this project, a “Unit” shall be a single roll of geo synthetic 
material. 

G. Lot - For the purposes of this project, a “Lot” will be defined as a single run of geosynthetic 
material from the same production equipment/extruder, where the tooling and raw materials 
of production have not changed during manufacturing. 

H. Rolled Erosion Control Product (RECP) – A temporary degradable or long-term non-
degradable material manufactured or fabricated into rolls designed to reduce soil erosion and 
assist in the growth, establishment and protection of vegetation. 

I. Turf Reinforcement Mat (TRM) – A long-term, non-degradable RECP composed of UV-
stabilized, non-degradable, synthetic fibers, nettings and/or filaments processed into three-
dimensional reinforcement matrices designed for permanent and critical hydraulic 
applications where design discharges exert velocities and shear stresses that exceed the limits 
of mature natural vegetation.  TRMs provide sufficient thickness, strength and void space to 
permit soil filling and/or retention and the development of vegetation within the matrix. 

J. Erosion Control Blanket (ECB) – A temporary, degradable RECP composed of processed 
natural or synthetic fibers mechanically, structurally or chemically bound together to form a 
continuous matrix. 

K. Flexible Hard Armor Mats – A long-term downchute channel liner comprised of concrete 
blocks connected with geogrid reinforcement intended for high flow velocities and shear 
forces. 

1.5 SUBMITTALS 

A. The CONTRACTOR shall submit to the ENGINEER all items included in this Article.  
Submittals shall be provided as follows: 

B. Prior to work commencing 
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1. Manufacturing Quality Control (MQC) Manufacturing Quality Assurance (MQA) test 
data for the material to be delivered to the site.  In the event material is delivered prior to 
receipt of the manufacturer’s data, the RECP without data will be stored separate from 
material with data.  The RECP will be rejected if it does not meet the requirements of this 
Specification, or if it is found to have defects, rips, holes, flaws, deterioration or other 
damage deemed unacceptable by the ENGINEER. 

2. Shop drawings including anchor, check slot, staple patterns, and overlap details. 

C. Upon Completion 

1. Summary and log of all laboratory quality control and quality assurance data obtained by 
the CONTRACTOR. 

2. Summary log of all field quality control data and information obtained by the 
CONTRACTOR. 

3. Statement of material and installation warranties. 

1.6 PRODUCT DELIVERY, STORAGE, AND HANDLING 

A. The CONTRACTOR shall protect the work described in this Section before, during, and after 
installation, and shall protect the installed work specified in other Sections as well as work 
completed by the OWNER. 

B. RECP labeling, shipment, and storage shall follow ASTM D4873, as modified by this 
Specification. 

C. Product labels shall be placed on the ends of the roll such that they can be seen when rolls are 
stacked, and shall clearly show the manufacturer or supplier name, style name, date of 
manufacture, lot number, roll number and roll dimensions. 

D. If any special handling is required, it shall be so marked on the outside surface of the 
wrapping (e.g. “Do not stack more than five rolls high,” etc). 

E. Each RECP roll shall be wrapped with a material that will protect the RECP from damage 
due to shipment, water, sunlight and contaminants.  The protective wrapping shall be 
maintained during periods of shipment and storage.   

F. Storage areas shall be stable, dry, relatively flat and well drained.  During storage the RECP 
shall be adequately covered and protected from the following: 

1. Site construction damage 

2. Precipitation 

3. Chemicals that are strong acids or strong bases 
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4. Flames, sparks, temperatures in excess of 49 deg C (120 deg F) 

5. Any environmental condition that might damage the RECP. 

G. Roll numbers on partially used rolls shall be maintained such that each roll number can 
readily be identified prior to deployment of the remaining portions of the roll. 

H. If the ENGINEER determines the RECP is damaged or has been subjected to excessive 
exposure, the CONTRACTOR shall make all repairs and replacements in a timely manner so 
as to prevent delays in the progress of the work.  Any material damaged by the 
CONTRACTOR, or damaged by others due to improper delivery or storage, as determined by 
the ENGINEER, shall be replaced by the CONTRACTOR at no additional cost to the 
OWNER. 

PART 2 MATERIALS

2.1 GENERAL 

A. RECP materials delivered to the site shall be original, factory fresh rolls subject to 
Manufacturing Quality Assurance (MQA) and Manufacturing Quality Control (MQC) testing 
as required by this Specification.  

B. Conformance testing will be at the expense of the OWNER, unless the tests show the 
materials do not comply with the Specifications, in which case the CONTRACTOR shall pay 
the cost of re-sampling and testing. 

2.2 RECP

A. The RECP shall be subject to MQC sampling and testing to verify the products meet or 
exceed the material specifications identified in this Section. RECPs shall meet the 
requirements provided in Table 1.   

PART 3 EXECUTION

3.1 SITE PREPARATION 

A. The surface to be covered by the RECP shall be cleared of loose soil, sharp objects, angular 
stones, sticks, or any materials that may contribute to punctures, shearing, rupturing or tearing 
of the material.  The subgrade shall have a stable and smooth finished surface, free from 
pockets, holes, ruts, and discontinuities that, in the judgment of the ENGINEER, will cause 
bridging of the material.  The subgrade shall be inspected for unsuitable areas or soft spots 
before the RECP is placed and additional surface preparation will be required to eliminate 
any unsuitable areas as determined by the ENGINEER. 

B. Topsoil, seed, fertilizer, and mulch shall be placed prior to placement of the RECP.  If a 
suitable vegetative cover does not become established, the CONTRACTOR shall remove and 
reinstall following reapplication of topsoil, seed, fertilizer, mulch (as required) by the 
CONTRACTOR.    
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3.2 INSTALLATION 

3.2.1 General 

A. Install RECPs according to the manufacturer’s published installation recommendations or the 
following minimum guidelines.  In areas to be mowed soon after installation, use ultra-short-
term temporary RECPs that utilize (or consist of) rapidly degrading nettings having a 
maximum service life of 3 months or less.  

B. Install RECPs after application of seed, fertilizer, and other necessary soil amendments, 
unless soil in-filling of the RECP is required. If soil in-filling is required, install RECP, apply 
seed, and lightly brush or rake 0.3 to 0.7 in. (8 to 18 mm) of topsoil into the voids in the 
RECP to fill the product thickness.  

C. The CONTRACTOR shall install the RECP to the lines and grades shown on the Drawings 
in accordance with this Specification.  The RECP shall be placed on its subgrade such that it 
lies flat and is free of folds, wrinkles or creases to the maximum practical extent, as 
determined by the ENGINEER. 

D. The Contractor shall use extreme care in placing materials over the RECP.  Heavy equipment 
or truck traffic shall not be permitted in direct contact with the RECP.  The Contractor shall 
advise the ENGINEER of his proposed approach for the use of wheeled and tracked vehicles 
in the hauling and spreading of material above the RECP.   The routing of trucks shall 
consider the impact on the underlying RECP and the proposed approach must as a minimum 
address the placement, orientation and slope of access ramps/roadways, the minimum 
thickness of material to be placed over the RECP along truck access routes and the methods 
that will ensure the survivability of the RECP during the covering operation.   All procedures 
and equipment to be used shall be approved by the Engineer.   

E. Soil shall be spread in the direction of RECP overlap except on slopes greater than 15 
percent, at which time the grading and filling operations shall proceed from the bottom of the 
slope toward the top when possible.  Alternate grading and filling schemes shall be 
performed only as approved by the ENGINEER.  

F. A temporary RECP or riprap may be used in lieu of permanent products in those areas where 
temporary protection for erosion is required.  This should be performed in those areas where 
seed germination is unlikely to occur within a short time frame (e.g., winter months).  
Temporary RECP products should be approved by the ENGINEER prior to placement.      

G. Smoking is not permitted on any geosynthetic material. 

H. In the presence of wind the leading edge of the material shall be weighted with sandbags or 
equivalent until the overlaying material is placed. 
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I. Any use of ATV’s on the site must be pre-approved by the ENGINEER.  The 
CONTRACTOR shall submit an S.O.P. describing how ATV’s are to be used, if at all, in the 
deployment of RECP at the site.  As a minimum, the following shall apply: 

1. Any damage resulting from the use of ATV’s, as determined by the ENGINEER, shall be 
repaired according to Article 3.3, at no additional cost to the OWNER.  If repeated repairs 
are required as the result of the use of ATVs operating on geosynthetic material, further 
use of ATVs will be prohibited. 

2. Any and all ATV’s proposed to be used in the deployment of geosynthetics will be 
inspected by the ENGINEER.  ATV’s which are found to be leaking oil or fuel, or which 
in any other way exhibit the potential to damage the lining system components, will not 
be permitted. 

3. Any oil or fuel which leaks onto geosynthetic materials shall be thoroughly removed 
(cleaned) by the CONTRACTOR, or the geosynthetic material shall be replaced at the 
discretion of the ENGINEER, at no additional cost to the OWNER. 

4. Re-fueling of ATVs on geosynthetic materials is prohibited. 

5. ATVs shall have tires with low ground pressure, typically less than 5 psi, and shall have 
shallow treads. 

6. ATVs shall be operated by a single operator at speeds less than 5 mph. 

7. Quick starts, stops, spinning wheels and sharp turns will not be permitted above any 
geosynthetic material. 

3.2.2 Deployment 

A. Unroll the RECP parallel to the primary direction of flow and place it in direct contact with 
soil surface. Do not stretch or allow material to bridge over surface inconsistencies. Overlap 
edges of adjacent RECPs by 2 to 4 in. (50 to 100 mm), or as specified in the Drawings. Use a 
sufficient number of stakes or staples to prevent seam separation. Overlap roll ends of joining 
RECPs 2 to 6 in. (50 to 150 mm) in the direction of flow.   

B. Stakes or staples for securing RECPs to the soil must be at least 6 in. (150 mm) long, or as 
specified in the Drawings.  Longer anchors may be necessary in sandy, loose, and/or wet 
soils. 

3.2.3 Anchor Trench 

A. Construct a 6 in. by 6 in. (150 mm by 150 mm) anchor trench. Extend the upslope terminal 
end of the RECP 3 ft. (900 mm) past the anchor trench. Use stakes or staples to fasten the 
product into the anchor trench on 1 ft. (300 mm) centers. Backfill the trench and compact the 
soil.  Apply seed and any necessary soil amendments to the compacted soil and cover with 
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remaining 1 ft. (300 mm) terminal end of the RECP. Secure terminal end with a single row of 
stakes or staples on 1 ft. (300 mm) centers. 

3.2.4 Check Slot 

A. Construct a stake or staple check slot along the top edge of the RECP by installing two rows 
of stakes or staples 4 in. (100 mm) apart on 4 in. (100 mm) centers. Drive all stake and staple 
heads flush with soil surface. 

B. Securely fasten all RECPs to the soil by installing stakes or staples at a minimum rate as 
directed by the ENGINEER or shown in the Drawings.   

3.2.5 Channel/Downchute Installations 

A. Construct an anchor trench at the beginning of the channel across its entire width as provided 
in Section 3.2.2.  Follow the manufacturer’s installation guidelines in constructing additional 
anchor trenches or check slots at intervals along the channel reach and at the terminal end of 
the channel.  

B. Securely fasten all RECPs to the soil by installing stakes or staples at the minimum rate 
specified by the ENGINEER or shown in the Drawings.  Significantly higher anchor rates 
may be necessary in sandy, loose, and/or wet soils, and in severe applications. 

C. Repair any damaged areas immediately by restoring soil to finished grade, re-applying soil 
amendments and seed, and replacing the RECP. 

3.3 REPAIRS 

A. The CONTRACTOR shall repair any RECP damaged during installation, or replace the 
damaged RECP as determined by the ENGINEER. 

B. Any holes or tears in the RECP shall be repaired using material obtained from rolls approved 
by the ENGINEER for use at the site.  Care shall be taken to remove any soil or other 
material that may have penetrated the torn RECP.   

PART 4 QUALITY ASSURANCE/QUALITY CONTROL PROGRAM

4.1 GENERAL 

A. Before installation begins, and weekly thereafter, (more often if determined necessary by the 
ENGINEER) project coordination meetings shall be held with the designated representative 
of the CONTRACTOR, ENGINEER, and OWNER in attendance to review the following 
information: 

1. Progress of the work. 



_________________________________________________________________________________________________________________ 
Seneca Meadows 02590 - Rolled Erosion Control Products.doc Rolled Erosion Control Products 
Printed Date 12/2/2019 Page 9 of 12  

2. Adherence to the Specifications 

3. Adherence to the Construction Quality Control Program described in this Section, 
including the timely submission of the pertinent forms. 

4. Planned work and methods for the ensuing week, including estimate of time remaining to 
completion of the work. 

5. Problem resolutions to be implemented during the upcoming week. 

B. All information specified and required must be submitted to the ENGINEER in a timely 
fashion.   

C. Any changes in the proposed method of work, subcontractors to be utilized, manufacturing or 
materials must be approved in advance by the ENGINEER.  The CONTRACTOR assumes 
all responsibility relevant to providing an acceptable product.  

4.2 INSTALLATION QA/QC 

A. The ENGINEER and CONTRACTOR shall visually inspect all materials to be included in 
the work, and compare roll identification numbers with those provided by the manufacturer 
to assure installation of the approved materials.  No material shall be installed prior to 
furnishing the required test results. 

B. All panel seams shall be inspected and approved by the ENGINEER prior to covering.  

C. Quality assurance on sewn seams (if used), shall be performed by the ENGINEER, and shall 
consist at a minimum of the flowing activities: 

D. For seams that are to be sewn in the field, the CONTRACTOR shall provide at minimum 7-
foot length of sewn seam for evaluation by the ENGINEER prior to RECP installation.  The 
seam sample shall be sewn using the equipment, technicians and procedures that will be used 
for production seaming.     

E. For factory sewn seams, the ENGINEER shall obtain samples of the factory seams at random 
from any roll of RECP that is to be used on the project. 

F. If seams are to be sewn in both directions (along panel lengths and overlaps at end of panels), 
samples of seams from both directions shall be provided. 

G. Non-conforming material shall not be used in the work.  In the event non-conforming results 
are obtained from the laboratory, the nearest numbered rolls on each side of the non-
conforming roll shall be sampled and tested for the full suite of conformance tests, until the 
extent of non-conformance is established.  The OWNER reserves the right to reject the lot of 
rolls at any stage of extended sampling and testing. 

H. Conformance testing will be at the expense of the OWNER, unless the test shows the RECP 
does not comply with the Specifications, in which case the CONTRACTOR shall pay all re-
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sampling and testing cost.  The CONTRACTOR shall be solely responsible for the quality of 
the material provided.  Should any of the tests performed on the material yield unsatisfactory 
results, the CONTRACTOR will be responsible for replacing the material with satisfactory 
materials without delay to the project or cost to the OWNER. 

I. Damage to RECP during installation shall be repaired according to Article 3.3 of this Section.  
If the ENGINEER determines that the damage is un-repairable, the damaged area will be 
replaced. 

4.3 WARRANTY 

A. The CONTRACTOR shall issue a warranty on the installation of RECP for a minimum 
period of 1 year. 

END OF SECTION 



Table 1. Required Properties for Rolled Erosion Control Products

Product

Description
(1)

Duration

Minimum 

Tensile 

Strength 

(lbs/ft)
(2)

Minimum 
Thickness 
(ASTM D
6525)

UV Stability

(ASTM D 4355

@ 1,000 hours)
(3)

Limiting Shear Stress (psf) Permissible Velocity (ft/s)

Vegetated
(4)

Bare Soil Vegetated Bare Soil 

Type 5.B* - 

TRM
(6,7) 

(7)
Permanent 150 0.5 in. 100% 10.0 3.0 15 9.5

Type 5.C* - 

TRM
(6,7) 

(7)
Permanent 175 0.5 in. 100% 14.0 3.5 22 12.5

(1) Product Descriptions taken from “Standard Specification for Rolled Erosion Control Products”, Erosion Control Technology Council, Rev. 4904, Oct. 
2005 (or latest version). 

(2) Minimum Average Roll Values, Machine direction using ECTC Mod. ASTM D 5035. 

(3) ASTM D1682 (4 inch strip) Tensile Strength and % Strength Retention of material following 1,000 hrs. exposure in Xeon-Arc Weatherometer. 

(4) Required minimum shear stress TRM (fully vegetated) can sustain without physical damage or excess erosion (> 0.5 in. soil loss) during a 30-minute 
flow event in large scale testing.  These performance test values should be supported by periodic bench scale testing under similar test conditions and failure 
criteria using ASTM D6460, ECTC Test Method #3, or other method approved by the Engineer. 

(5) Unless otherwise specified, temporary erosion control blankets will be used for lining of gradually sloped, vegetated channels ((<2%).  These materials 
are defined as an erosion control blanket composed of processed slow degrading natural or polymer fibersmechanically bound together between two 



slow degrading synthetic or natural fiber nettings to form a continuous matrix or an open weave textile composed 
of processed slow degrading natural or polymer yarns or twines woven into a continuous matrix. 

(6)        Unless otherwise specified, TRMs will primarily be utilized in steep slope applications (i.e., downchutes) 
and sideslope swales with slopes of 3% or greater.  TRMs are defined as long term, non-degradable rolled 
erosion control product composed of UV stabilized, non-degradable, synthetic fibers, filaments, nettings and/or 
wire mesh processed into three dimensional reinforcement matrices designed for permanent and critical hydraulic 
applications where design discharges exert velocities and shear stresses that exceed the limits of mature, 
natural vegetation. Turf reinforcement mats provide sufficient thickness, strength and void space to permit soil 
filling and/or retention and the development of vegetation within the matrix. 

(7)  For TRMs containing degradable components, all property values must be obtained on the non-degradable 
portion of the matting alone 
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SECTION 02595 

GEOTEXTILES

PART 1  GENERAL

1.1 SECTION INCLUDES 

A. The GEOSYNTHETICS CONTRACTOR shall furnish all labor, materials, equipment, tools 
and appurtenances required to complete the installation of all geotextile material, complete 
with appurtenances, as shown, specified or required. 

B. Geotextile materials for liner construction will be supplied by the OWNER, and 
CONTRACTOR shall provide all unloading, handling, and storage of material delivered to 
the Site for the Project. 

1.2 RELATED SECTIONS 

A. Section 02278 – Geosynthetic Clay Liner 

B. Section 02597 – HDPE Geomembrane 

C. Section 02599 – Geocomposite Drainage Layer 

1.3 REFERENCES 

A. American Society for Testing and Materials (ASTM) 

1. D4354 Standard Practice for Sampling of Geosynthetics and Rolled Erosion Control 
Products (RECP) for Testing 

2. D4491 Standard Test Methods for Water Permeability of Geotextiles by Permittivity 

3. D4632 Standard Test Method for Grab Breaking Load and Elongation of Geotextiles 

4. D4751 Standard Test Method for Determining Apparent Opening Size of a Geotextile 

5. D4873 Standard Guide for Identification, Storage, and Handling of Geosynthetic Rolls 
and Samples 

6. D5261 Standard Test Method for Measuring Mass per Unit Area of Geotextiles 

7. D5321 Standard Test Method for Determining the Coefficient of Soil and Geosynthetic or 
Geosynthetic and Geosynthetic Friction by the Direct Shear Method. 

8. D6241 Standard Test Method for the Static Puncture Strength of Geotextiles and 
Geotextile-Related Products Using a 50-mm Probe 
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B. The most current version of the specified test method shall be followed by the 
MANUFACTURER, GEOSYNTHETICS CONTRACTOR or authorized testing laboratory.  

1.4 DEFINITIONS 

A. Minimum Value – Property value representing the lowest individual allowable value obtained 
when tested according to the specified test method.  This applies to individual readings, such 
as thickness; or where only one specimen is tested for the specified parameter. 

B. Minimum Average Value – Property value representing the lowest allowable value for the 
average of results for the specimens tested. 

C. Minimum Average Roll Value (MARV) – Property value calculated as the average test result 
minus two standard deviations.  Statistically, this implies a 97.5 percent confidence that any 
sample tested during quality assurance will exceed the value reported. 

D. Nominal Value – Property value that is representative of a measureable property, determined 
under a set of prescribed test conditions, by which a product may be described. 

E. Typical Roll Value – Property value calculated as the average or mean obtained from test 
data. 

F. Unit – For the purposes of this project, a “Unit” shall be a single roll of geosynthetic material. 

G. Lot - For the purposes of this project, a “Lot” will be defined as a single run of geosynthetic 
material from the same production equipment/extruder, where the tooling and raw materials 
of production have not changed during manufacturing. 

1.5 SUBMITTALS 

A. The GEOSYNTHETICS CONTRACTOR shall submit to the ENGINEER all items included 
in this Article, except to the extent material is supplied by OWNER.  Submittals shall be 
provided as follows: 

Submitted with the BID: 

1. A project reference list demonstrating the GEOSYNTHETICS CONTRACTOR’S 
experience on a minimum of 5 projects, totaling at least four million square feet of installed 
geotextiles; or, the GEOSYNTHETICS CONTRACTOR shall provide satisfactory 
evidence through similar experience in the installation of geosynthetics, that the geotextiles 
will be installed in a competent, professional manner.   

2. A statement of the geotextile MANUFACTURER’S experience, if material is not supplied 
by OWNER, including the manufacturing and supplying company’s name, address and 
employee contact. 

3. A copy of the geotextile MANUFACTURER’S Manufacturing Quality 
Assurance/Manufacturing Quality Control (MQA/MQC) Plan, if material is not supplied by 
OWNER. 
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Fifteen days prior to site delivery, unless stated otherwise below: 

1. Resumes of all geotextile installation crew members, including Supervisor and QC 
Manager, summarizing prior experience in installing geotextile material.  Geotextile 
installation staff will be subject to approval by the ENGINEER and OWNER. 

2. Manufacturing Quality Control (MQC) Manufacturing Quality Assurance (MQA) test data 
for the material to be delivered to the site, if material is not supplied by OWNER.  In the 
event material is delivered prior to receipt of the manufacturer’s data, the geotextile without 
data will be stored separate from material with data.  The geotextile will be rejected if it 
does not meet the requirements of this Specification, or if it is found to have defects, rips, 
holes, flaws, deterioration or other damage deemed unacceptable by the ENGINEER.   

3. Shop drawings including details of overlap and method of joining adjacent panels; 
including, thread type, stitch type, stitch density and number of rows, etc.   

Upon Completion 

1. Summary and log of all laboratory quality control and quality assurance data obtained by the 
GEOSYNTHETICS CONTRACTOR.   

2. Summary and log of all field quality control data and information obtained by the 
GEOSYNTHETICS CONTRACTOR. 

3. Statement of material and installation warranties.   

1.6 PRODUCT DELIVERY, STORAGE, AND HANDLING 

A. The GEOSYNTHETICS CONTRACTOR shall protect the work described in this Section 
before, during, and after installation, and shall protect the installed work specified in other 
Sections as well as work completed by the OWNER. 

B. The CONTRACTOR shall safely unload, transport to an appropriate staging area, and store 
the geocomposite until needed for installation.  

C. Geotextile labeling, shipment, and storage shall follow ASTM D4873, as modified by this 
Specification.  

D. Product labels shall be placed on the ends of the roll such that they can be seen when rolls are 
stacked, and shall clearly show the manufacturer or supplier name, style name, date of 
manufacture, lot number, roll number and roll dimensions. 

E. If any special handling is required, it shall be so marked on the outside surface of the 
wrapping (e.g. “Do not stack more than five rolls high,” etc). 

F. Each geotextile roll shall be wrapped with a material that will protect the geotextile from 
damage due to shipment, water, sunlight and contaminants.  The protective wrapping shall be 
maintained during periods of shipment and storage.   
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G. Storage areas shall be stable, dry, relatively flat and well drained.  During storage the 
geotextile shall be adequately covered and protected from the following: 

1. Exposure to ultraviolet (UV) radiation in excess of 14 days 

2. Site construction damage 

3. Precipitation 

4. Chemicals that are strong acids or strong bases 

5. Flames, sparks, temperatures in excess of 49 deg C (120 deg F) 

6. Any environmental condition that might damage the geotextile. 

H. Roll numbers on partially used rolls shall be maintained such that each roll number can 
readily be identified prior to deployment of the remaining portions of the roll. 

I. Rolls that are determined to be damaged prior to the CONTRACTOR’S unloading from the 
delivery vehicle shall be reported to the ENGINEER and the OWNER, and such material 
shall be set aside for replacement by the OWNER. Rolls that are determined to be damaged at 
any time after the CONTRACTOR’S unloading from the delivery vehicle shall be promptly 
replaced in kind by the CONTRACTOR at no additional cost to the OWNER. 

J. For storage longer than 9 months, rolls must be stored off the ground under an additional 
cover or tarp beyond the manufacturer’s wrapping or be placed within an enclosure. 

PART 2  MATERIALS

2.1 GENERAL 

A. The geotextiles to be used for this project shall be needlepunched, nonwoven polyester or 
polypropylene geotextiles of first quality.  All geotextile delivered to the site shall be original, 
factory fresh rolls subject to Manufacturing Quality Assurance (MQA) and Manufacturing 
Quality Control (MQC) testing as required by this Specification.  

B. Conformance testing will be at the expense of the OWNER, unless the tests show the 
materials do not comply with the Specifications, in which case the GEOSYNTHETICS 
CONTRACTOR shall pay the cost of re-sampling and testing, if the material is not supplied 
by the OWNER. 

2.2 GEOTEXTILES 

A. Interface Shear Testing – Interface shear strength testing of the geotextile and related 
materials will be the responsibility of the OWNER using materials provided by the 
Geosynthetics Contractor (if material is not supplied by OWNER).  Materials used in 
interface shear testing shall be the same materials (e.g., same resin formulation, material 
properties, etc.) as those proposed for use.  The results must comply with the criteria 
determined by the OWNER, as specified in the Construction Drawings.  All testing must 
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meet the minimum requirements, and the ENGINEER prior to installation of the materials 
must complete the analysis of those results.  Testing for geosynthetic to geosynthetic or 
geosynthetic to soil interface shall be conducted according to the current version of ASTM 
D5321. The Engineer shall assign testing requirements.    

B. The geotextiles shall be subject to MQC sampling and testing to verify the products meet or 
exceed the material specifications identified in this Section. The geotextile shall meet the 
following requirements: 

PROPERTY TEST METHOD 

REQUIRED VALUES TEST 
FREQUENCIES 

8 oz 10 oz. 16 oz. 

Weight per Unit Area, oz/yd2

(min. avg.) 
ASTM D5261 8.0 10.0 16.0 1/ 100,000 SF 

Grab Tensile Strength(1), lbs. 
(min. avg.) 

ASTM D4632 205 250 380 1/ 100,000 SF 

Grab Tensile Elongation(1), % 
(min. avg.) 

ASTM D4632 50 50 50 1/ 100,000 SF 

CBR Puncture Resistance, 
(lbs, min. avg) 

ASTM D6241 525 625 1025 1/ 100,000 SF 

AOS, U.S. Sieve (min. avg.)(3) ASTM D4751 80 100 100 1/ 600,000 SF 

Permittivity, sec-1-1 (min.) ASTM D4491 (2) (2) (2) 1/ 600,000 SF 

Notes: 
(1) Values required in the weakest principal direction. 

(2) As specified by ENGINEER, if critical to application. 

(3) At the time of manufacturing.  Handling, storage, and shipping may affect these properties.  Site-specific 
requirements will be developed as necessary.   

2.3 SEWING THREAD 

A. Materials, mean and methods for sewing adjoining panels shall be as approved by the 
ENGINEER. 

B. Sewing thread shall consist of high strength polypropylene or polyester. 

PART 3  EXECUTION

3.1 SITE PREPARATION 

A. The surface to be covered by the geotextile shall be cleared of loose soil, sharp objects, 
angular stones, sticks, or any materials that may contribute to clogging, punctures, shearing, 
rupturing or tearing of the geosynthetic materials.  The subgrade shall have a smooth, 
finished surface, free from pockets, holes, ruts, and discontinuities that, in the judgment of 
the ENGINEER, will cause bridging of the material.  The subgrade shall be inspected for 
unsuitable areas or soft spots before the geotextile is placed and additional surface 
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preparation will be required to eliminate any unsuitable areas as determined by the 
ENGINEER. 

3.2 INSTALLATION 

A. The GEOSYNTHETICS CONTRACTOR shall install the geotextile to the lines and grades 
shown on the Drawings in accordance with this Specification.  The geotextile shall be placed 
on its subgrade such that it lies flat and is free of folds, wrinkles or creases to the maximum 
practical extent, as detemined by the ENGINEER. 

B. Adjacent geotextile panels shall be joined by overlapping, sewing, or heat fusion methods 
(e.g., leistering) as proposed by the CONTRACTOR and approved by the ENGINEER.  The 
overlap zone shall not be contaminated with loose soil or other debris.  For sewn seams, the 
geotextile shall be overlapped a minimum of four inches, or as required by the sewing 
method approved by the ENGINEER.  On overlapped seams, all overlap lengths shall be as 
required to ensure a continuous geotextile system will be in-place after installation of the 
overlying materials.   

C. The geotextile shall be deployed in a manner that will minimize or eliminate the placement of 
cross seams (seams perpendicular to the slope direction) on slopes greater than 10%.  Cross 
seams on slopes greater than 10% shall be approved by the ENGINEER and shall be sewn.   

D. Geotextile panels shall be staggered such that cross seams between adjacent panels are not 
continuous.  Cross seams on adjacent panels shall be offset a minimum of ten feet.   

E. The Contractor shall use extreme care in placing materials over the geotextile.  Heavy 
equipment or truck traffic shall not be permitted in direct contact with the geotextile.  The 
Contractor shall advise the ENGINEER of his proposed approach for the use of wheeled and 
tracked vehicles in the hauling and spreading of material above the geotextile.   The routing 
of trucks shall consider the impact on the underlying geotextile and the proposed approach 
must as a minimum address the placement, orientation and slope of access ramps/roadways, 
the minimum thickness of material to be placed over the geotextile along truck access routes 
and the methods that will ensure the survivability of the geotextile during the covering 
operation.   All procedures and equipment to be used shall be approved by the Engineer. 

F. Soil shall be spread in the direction of geotextile overlap except on slopes greater than 15 
percent, at which time the grading and filling operations shall proceed from the bottom of the 
slope toward the top when possible.  Alternate grading and filling schemes shall be 
performed only as approved by the ENGINEER.   

G. The work shall be scheduled so that the geotextile is covered within 14 days after placement 
unless otherwise approved by the ENGINEER based on manufacturer’s data supporting a 
longer exposure time without affecting the material properties.  Failure to comply with this 
requirement will require replacement of the geotextile unless the GEOSYNTHETICS 
CONTRACTOR demonstrates, to the satisfaction of the ENGINEER, the material has not 
been adversely affected. 

H. Smoking is not permitted on any geosynthetic material. 
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I. In the presence of wind the leading edge of the material shall be weighted with sandbags or 
equivalent until the overlaying material is placed. 

J. Any use of ATV’s on the site must be pre-approved by the ENGINEER.  The 
GEOSYNTHETICS CONTRACTOR shall submit an S.O.P. describing how ATV’s are to be 
used, if at all, in the deployment of geotextile at the site.  As a minimum, the following shall 
apply: 

1. Any damage resulting from the use of ATV’s, as determined by the ENGINEER, shall be 
repaired according to Article 3.3, at no additional cost to the OWNER.  If repeated repairs 
are required as the result of the use of ATVs operating on geosynthetic material, further 
use of ATVs will be prohibited. 

2. Any and all ATV’s proposed to be used in the deployment of geosynthetics will be 
inspected by the ENGINEER.  ATV’s which are found to be leaking oil or fuel, or which 
in any other way exhibit the potential to damage the lining system components, will not 
be permitted. 

3. Any oil or fuel which leaks onto geosynthetic materials shall be thoroughly removed 
(cleaned) by the GEOSYNTHETICS CONTRACTOR, or the geosynthetic material shall 
be replaced at the discretion of the ENGINEER, at no additional cost to the OWNER. 

4. Re-fueling of ATVs on geosynthetic materials is prohibited. 

5. ATVs shall have tires with low ground pressure, typically less than 5 psi, and shall have 
shallow treads. 

6. ATVs shall be operated by a single operator at speeds less than 5 mph. 

7. Quick starts, stops, spinning wheels and sharp turns will not be permitted above any 
geosynthetic material. 

3.3 REPAIRS 

A. The GEOSYNTHETICS CONTRACTOR shall repair any geotextile damaged during 
installation, or replace the damaged geotextile as determined by the ENGINEER. 

B. Any holes or tears in the geotextile shall be repaired using material obtained from rolls 
approved by the ENGINEER for use at the site.  Care shall be taken to remove any soil or 
other material that may have penetrated the torn geotextile.  Repairs to damaged geotextile 
shall be made according to the following requirements: 

1. If geotextile on a slope less than 10 percent is damaged during any step of installation, a 
geotextile patch shall be cut and placed over the damaged area subject to a 3 foot 
minimum overlap requirement, or as directed by ENGINEER.  The patch shall be held in-
place by lightly spot-heating/fusing (without melting through the geotextile) the patch to 
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the underlying geotextile panel.   If any rip or defect that requires patching occurs across 
more than one-third the width of the roll, or occurs within three feet of the end of the 
panel, that portion of the panel shall be removed from the work. 

2. If geotextile on a slope greater than 10 percent is damaged during installation, a geotextile 
patch shall be cut to allow a minimum 4-inch overlap.  The patch shall be sewn into place 
using a double stitch, 1/4 to 3/4 inches apart, no closer than one inch from the edge of the 
patch or the defect.  Alternatively, based on the proposed function of the geotextile and 
the size of the defect, the CONTRACTOR may leister a patch onto the geotextile in lieu 
of sewing, as approved by the ENGINEER.  Should any tear or defect exceed 15 percent 
of the width of the panel, that panel shall be removed from the slope and replaced.  

PART 4  QUALITY ASSURANCE/QUALITY CONTROL PROGRAM

4.1 GENERAL 

A. Before installation begins, and weekly thereafter, (more often if determined necessary by the 
ENGINEER) project coordination meetings shall be held with the designated representative 
of the EARTHWORKS CONTRACTOR, GEOSYNTHETICS CONTRACTOR, 
ENGINEER, and OWNER in attendance to review the following information: 

1. Progress of the work. 

2. Adherence to the Specifications 

3. Adherence to the Construction Quality Control Program described in this Section, 
including the timely submission of the pertinent forms. 

4. Planned work and methods for the ensuing week, including estimate of time remaining to 
completion of the work. 

5. Problem resolutions to be implemented during the upcoming week. 

B. All information specified and required must be submitted to the ENGINEER in a timely 
fashion. 

C. Any changes in the proposed method of work, subcontractors to be utilized, manufacturing or 
materials must be approved in advance by the ENGINEER.  The GEOSYNTHETICS 
CONTRACTOR assumes all responsibility relevant to providing an acceptable product.  

4.2 INSTALLATION QA/QC 

A. The ENGINEER and GEOSYNTHETICS CONTRACTOR shall visually inspect all 
materials to be included in the work, and compare roll identification numbers with those 
provided by the manufacturer to assure installation of the approved materials.  No material 
shall be installed prior to furnishing the required test results. 
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B. All panel seams shall be inspected and approved by the ENGINEER prior to covering.  

C. Quality assurance on sewn seams (if used), shall be performed by the ENGINEER, and shall 
consist at a minimum of the flowing activities: 

1. For seams that are to be sewn in the field, the GEOSYNTHETICS CONTRACTOR shall 
provide at minimum 7-foot length of sewn seam for evaluation by the ENGINEER prior 
to geotextile installation.  The seam sample shall be sewn using the equipment, 
technicians and procedures that will be used for production seaming. 

2. For factory sewn seams, the ENGINEER shall obtain samples of the factory seams at 
random from any roll of geotextile that is to be used on the project. 

3. If seams are to be sewn in both directions (along panel lengths and overlaps at end of 
panels), samples of seams from both directions shall be provided. 

C. The ENGINEER shall obtain conformance samples across the entire width of the geotextile 
rolls when geotextiles are used as an integral component of the liner system.  The 
GEOSYNTHETICS CONTRACTOR shall, at no additional cost to the OWNER, provide 
whatever reasonable assistance the ENGINEER may require in obtaining the samples.  
Unless otherwise specified, samples shall be three feet long by the roll width, and shall not 
include the outer wrap.  The ENGINEER shall mark the machine direction on the samples 
with an arrow.  Unless otherwise specified, conformance samples shall be obtained at the rate 
of one per 100,000 square feet.  An appropriate number of these samples, as determined by 
the ENGINEER in accordance with ASTM D4354, shall be forwarded to the CQA laboratory 
for conformance testing by the ENGINEER. Conformance testing shall be conducted by a 
qualified laboratory with GAI-LAP accreditation. 

D. Non-conforming material shall not be used in the work.  In the event non-conforming results 
are obtained from the laboratory, the nearest numbered rolls on each side of the non-
conforming roll shall be sampled and tested for the full suite of conformance tests, until the 
extent of non-conformance is established.  The OWNER reserves the right to reject the lot of 
rolls at any stage of extended sampling and testing. 

E. Conformance testing will be at the expense of the OWNER, unless the test shows the 
geotextile does not comply with the Specifications, in which case the GEOSYNTHETICS 
CONTRACTOR shall pay all re-sampling and testing cost.  The GEOSYNTHETICS 
CONTRACTOR shall be solely responsible for the quality of the material provided.  Should 
any of the tests performed on the material yield unsatisfactory results, the 
GEOSYNTHETICS CONTRACTOR will be responsible for replacing the material with 
satisfactory materials without delay to the project or cost to the OWNER. 

F. Damage to geotextile during installation shall be repaired according to Article 3.3 of this 
Section.  If the ENGINEER determines that the damage is un-repairable, the damaged area 
will be replaced. 



__________________________________________________________________________________________________________________ 
Seneca Meadows 02595 Geotextiles 
Printed Date 10/31/2019 Page 10 of 10 

4.3 WARRANTY 

A. The GEOSYNTHETICS CONTRACTOR shall issue a warranty on the installation of 
geotextile for a minimum period of 1 year. 

B. The GEOSYNTHETICS CONTRACTOR shall issue a warranty on the geotextile for a 
minimum period of 1 year, if material is supplied by CONTRACTOR. 

END OF SECTION 
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SECTION 02597 

HDPE GEOMEMBRANE 

PART 1 GENERAL 

1.1 SECTION INCLUDES 

A. The GEOSYNTHETICS CONTRACTOR shall furnish all labor, materials, equipment, tools 
and appurtenances required to complete the installation of all geomembrane, complete with 
appurtenances, as shown, specified or required by the Drawings. 

B. The GEOMEMBRANE MANUFACTURER (MANUFACTURER) shall furnish the 
geomembrane materials and provide necessary Manufacturer's Quality Assurance/Quality 
Control (MQA/MQC) data.   

C. HDPE geomembrane material will be supplied by the OWNER, and CONTRACTOR shall 
provide all unloading, handling, and storage of material delivered to the Site for the Project. 

1.2 RELATED SECTIONS 

A. Section 02276 – Soil Liner 

B. Section 02278 – Geosynthetic Clay Liner 

C. Section 02595 – Geotextile 

D. Section 02599 – Geocomposite Drainage Layer 

1.3 REFERENCES 

A. American Society for Testing and Materials (ASTM): 

1. D1004 Standard Test Method for Initial Tear Resistance of Plastic Film and Sheeting 

2. D1238 Standard Test Method for Flow Rates of Thermoplastics by Extrusion Plastometer 

3. D1505 Standard Test Method for Density of Plastics by the Density-Gradient Technique 

4. D1603 Standard Test Method for Carbon Black in Olefin Plastics 

5. D3895 Standard Test Method for Oxidative-Induction Time of Polyolefins by 
Differential Scanning Calorimetry 

6. D4218 Standard Test Method for Determination of Carbon Black Content in 
Polyethylene Compounds by the Muffle-Furnace Technique 
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7. D4354 Standard Practice for Sampling of Geosynthetics and Rolled Erosion Control 
Products (RECP) for Testing 

8. D4833 Standard Test Method for Index Puncture Resistance of Geotextiles, 
Geomembranes, and Related Products 

9. D4873 Standard Guide for Identification, Storage, and Handling of Geosynthetic Rolls 
and Samples 

10. D5199 Standard Test Method for Measuring the Nominal Thickness of Geosynthetics 

11. D5321 Standard Test Method for Determining the Coefficient of Soil and Geosynthetic 
or Geosynthetic and Geosynthetic Friction by the Direct Shear Method 

12. D5397 Standard Test Method for Evaluation of Stress Crack Resistance of Polyolefin 
Geomembranes Using Notched Constant Tensile Load Test 

13. D5596 Standard Test Method for Microscopic Evaluation of the Dispersion of Carbon 
Black in Polyolefin Geosynthetics 

14. D5641 Standard Practice for Geomembrane Seam Evaluation by Vacuum Chamber 

15. D5721 Standard Practice for Air-Oven Aging of Polyolefin Geomembranes 

16. D5820 Standard Practice for Pressurized Air Channel Evaluation of Dual Seamed 
Geomembranes 

17. D5885 Standard Test Method for Oxidative Induction Time of Polyolefin Geosynthetics 
by High-Pressure Differential Scanning Calorimetry 

18. D5994 Standard Test Method for Measuring Core Thickness of Textured Geomembrane 

19. D6243 Standard Test Method for Determining the Internal and Interface Shear 
Resistance of Geosynthetic Clay Liner by the Direct Shear Method 

20. D6365 Standard Practice for the Nondestructive Testing of Geomembrane Seams Using 
the Spark Test 

21. D6392 Standard Test Method for Determining the Integrity of Nonreinforced 
Geomembrane Seams Produced Using Thermo-Fusion Methods 

22. D6497 Standard Guide for Mechanical Attachment of Geomembrane to Penetrations or 
Structures 

23. D6693 Standard Test Method for Determining Tensile Properties of Nonreinforced 
Polyethylene and Nonreinforced Flexible Polypropylene Geomembranes 
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24. D 7240 Standard Practice for Leak Location using Geomembranes with an Insulating 
Layer in Intimate Contact with a Conductive Layer via Electrical Capacitance 
Technique (Conductive Geomembrane Spark Test) 

25. D 7466 Standard Test Method for Measuring Asperity Height of Textured 
Geomembranes. 

B. Geosynthetic Research Institute (GRI): 

1. GRI GM6 - Pressurized Air Channel Test for Dual Seamed Geomembranes 

2. GRI GM9 – Standard Practice for "Cold Weather Seaming of Geomembranes" 

3. GRI GM11 Accelerated Weathering of Geomembranes Using a Fluorescent UVA Device 

4. GRI GM12 Asperity Measurement of Textured Geomembranes using a Depth Gauge 

5. GRI GM13 Test Properties, Testing Frequency and Recommended Warranty for High 
Density Polyethylene (HDPE) Geomembranes 

6. GRI GM19 – Seam Strength and Related Properties of Thermally Bonded Polyolefin 
Geomembranes 

C. The most current version of the specified test method shall be followed by the 
MANUFACTURER, GEOSYNTHETICS CONTRACTOR or authorized testing laboratory. 

1.4 DEFINITIONS 

A. Minimum Value – Property value representing the lowest individual allowable value 
obtained when tested according to the specified test method.  This applies to individual 
readings, such as thickness; or where only one specimen is tested for the specified parameter. 

B. Minimum Average Value – Property value representing the lowest allowable value for the 
average of results for the specimens tested. 

C. Minimum Average Roll Value (MARV) – Property value calculated as the average test result 
minus two standard deviations.  Statistically, this implies a 97.5 percent confidence that any 
specimen tested during quality assurance will exceed the value reported. 

D. Nominal Value – Property value that is representative of a measurable property, determined 
under a set of prescribed test conditions, by which a product may be described. 

E. Typical Roll Value – Property value calculated as the average or mean obtained from test 
data. 
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F. Unit – For the purposes of this project, a “Unit” shall be a single roll of geosynthetic 
material. 

G. Lot - For the purposes of this project, a “Lot” will be defined as a single run of geosynthetic 
material from the same production equipment/extruder, where the tooling and raw materials 
of production have not changed during manufacturing. 

1.5 SUBMITTALS 

A. The MANUFACTURER shall submit to the ENGINEER all items included in this Article, 
except to the extent material is supplied by OWNER.  Submittals shall be provided as 
follows: 

1. With the MANUFACTURER's BID: 
a. A copy of the MANUFACTURER’S Manufacturing Quality 

Assurance/Manufacturing Quality Control (MQA/MQC) Plan for the 
complete geomembrane manufacturing process, if material is not 
supplied by OWNER. 

b. Available NCTL data regarding the polyethylene resin to be used to 
manufacture the geomembrane and welding rod/pellets, if material 
not supplied by OWNER. 

2. At least 15 days prior to delivery of geomembrane to the site, unless otherwise noted 
below: 

a. Welding Rod - Manufacturing Quality Assurance (MQA) test data 
from the geomembrane MANUFACTURER demonstrating that the 
resin utilized in the production of the geomembrane and welding rod 
and/or pellets meets the requirements specified in Article 2.2.  The 
packages containing the welding rod and/or pellets must contain a 
label identifying the resin lot utilized in their manufacture. 

b. Geomembrane - Manufacturing Quality Control (MQC) data 
certificates for the geomembrane to be delivered to the site, if 
material is not supplied by OWNER.  The reports shall reference the 
resin lot used in the manufacture of the sheet, and shall include the 
quality control test results obtained during the manufacture of the 
material.  In the event material is delivered to the site prior to the 
receipt of the MQC certificates, the material without certificates will 
be stored separately from the material with certificates.  Material 
with unacceptable MQC data will be segregated from approved 
material and shall be marked for rejection.  The geomembrane will 
be rejected or if it is found to have defects, rips, holes, flaws, 
deterioration or other damage deemed unacceptable by the 
ENGINEER. 

c. Resin - Resin MANUFACTURER’s certificate for each resin lot 
utilized by the geomembrane MANUFACTURER in the production 
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of the geomembrane and welding rod/pellets to be delivered to the 
site, if material is not supplied by OWNER. 

d. Geomembrane Sample - Samples of the proposed geomembrane 
shall be sent to the OWNER (if material is not supplied by OWNER) 
for interface shear testing within 5 days after the OWNER makes 
such request.  The GEOSYNTHETICS CONTRACTOR shall 
coordinate the quantity and dimensions of the samples with the 
OWNER. 

e. Statement of material warranties. 

B. The GEOSYNTHETICS CONTRACTOR shall submit to the ENGINEER all items included 
in this Article.  Submittals shall be provided as follows: 

1. With the GEOSYNTHETICS CONTRACTOR’s BID: 
a. A project reference list documenting the experience of the 

GEOSYNTHETICS CONTRACTOR on a minimum of 5 projects 
consisting of at least 10 million square feet of installed textured 
HDPE geomembrane. The field crew foreman must have a 
documented minimum qualification of installing at least 50 acres of 
previous landfill or other comparable geosynthetics systems. 

b. A schedule of operations, including means and methods of 
installation. 

c. The width of the geomembrane panels to be used for the project and 
the proposed method of joining adjacent geomembrane panels. 

2. At least 15 days prior to delivery of geomembrane to the site, unless otherwise noted 
below: 

a. Shop drawings, including proposed panel diagram and details of 
proposed work, extrusion welds, pipe boots, and details of sealing 
around all necessary geomembrane penetrations, to be submitted at 
least 30 days prior to delivery of geomembrane to the site.  The 
panel diagram must depict and/or note the planned number and 
orientation of panels, the minimum panel size, seam orientation and 
overlap direction, placement of seams in corners, treatment of tee 
seams and the GEOSYNTHETICS CONTRACTOR’s preferred 
sequence of panel placement.  The HDPE panels shall be orientated 
in a manner that minimizes seams.  The ENGINEER prior to 
geomembrane installation must approve the panel diagram.  The 
ENGINEER must approve proposed revisions to the panel diagram, 
in writing, prior to altering the installation. 

3. At least 15 days prior to installation: 
a. Resumes of geomembrane crew; including, Supervisor, QC 

Manager, Master Seamers and all Welding Technicians.  The 
resumes shall include prior experience in installing Textured HDPE 
geomembrane.  All individuals who will perform welding on this 
project shall be certified by the welding equipment manufacturer as 
having been trained in the use of the equipment; or, in lieu of such 
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certification, the GEOSYNTHETICS CONTRACTOR shall provide 
other suitable evidence that demonstrates the proposed welding 
personnel possess intimate knowledge of welding equipment design, 
set-up, operation and maintenance.  Individual geomembrane crew 
members will be subject to the approval of the ENGINEER and 
OWNER. 

b. A copy of the GEOSYNTHETICS CONTRACTOR’s standard 
operating procedure (SOP) for operating an ATV on site, particularly 
with respect to specific uses of the ATV and the prevention of 
damage to materials.  ATV usage will be limited to geomembrane 
deployment only.  In no cases shall ATVs be utilized on 
geomembrane for transport of personnel, equipment or supplies.   

c. Field tensiometer calibration certificate showing that the equipment 
to be used for shear/peel testing in the field has been calibrated by a 
qualified individual within the previous 6 months, or in accordance 
with frequencies recommended by the Manufacturer.  Calibration of 
the field tensiometer must be performed on a minimum 6-month 
frequency throughout the project duration, or in accordance with 
manufacturer’s recommendations.  In all cases, the maximum 
acceptable calibration frequency shall be 1 year. 

4. During Installation Submitted Daily: 
a. Completed Subgrade Acceptance Form, as endorsed by the 

ENGINEER, prior to geomembrane deployment in any area. 

b. Construction progress reports clearly showing geomembrane placed 
by date. 

c. Passing and failing test results for trial seams. 

d. Documentation of passing and failing destructive and non-
destructive testing of installed seams. 

5. Within 5 days after completion: 
a. Summary and log of all field quality control work completed by the 

GEOSYNTHETICS CONTRACTOR. 

b. Certification statement signed by the Supervisor that geomembrane 
installation is complete and in accordance with these Specifications, 
with details of any changes or exceptions noted. 

c. Statement of installation warranties. 

C. The above-noted requirements shall apply to all shop-fabricated materials and those items 
specified for fabrication in the field. 

1.6 PRODUCT DELIVERY, STORAGE, AND HANDLING 

A. The GEOSYNTHETICS CONTRACTOR shall protect the work described in this Section 
before, during, and after installation, and shall protect the installed work specified in other 
Sections, as well as work completed by the OWNER. 



_____________________________________________________________________________________________________________________ 
Seneca Meadows 02597 HDPE Geomembrane 
Printed Date 11/1/2019     Page 7 of 24 

B. Geomembrane labeling, shipment and storage shall follow ASTM D4873 as modified 
according to this Specification. 

C. Product labels shall be placed on the ends of rolls such that they can be seen when rolls are 
stacked, clearly showing the manufacturer or supplier name, style name, roll number, and roll 
dimensions. 

D. Each roll of product shall include any additional information required to allow the 
ENGINEER to relate that roll with the manufacturing quality control and raw material 
quality assurance documentation.  Additionally, if any special handling is required, it shall be 
so marked on the outside surface of the wrapping, i.e., “Do not stack more than five rolls 
high,” etc. 

E. During storage, the geomembrane shall be placed on a stable, relatively flat, dry, well-
drained surface.  The geomembrane shall not be placed on skids or other objects that may 
cause deformation of the geomembrane rolls.  Adequate space shall be left between stacked 
rolls, such that roll labels can be examined.  The geomembrane shall be protected from the 
following: 

1. Site construction damage. 

2. Chemicals that are strong acids or bases. 

3. Flames, sparks, geomembrane temperatures in excess of 150 F. 

4. Any environmental condition that might damage the geomembrane. 

F. Roll numbers on partially used rolls must be maintained such that each roll number can be 
readily identified prior to deployment of the remaining portions of the roll.  In the event roll 
numbers for partial rolls cannot be identified, such rolls will be marked for rejection.   

G. If the ENGINEER determines the geomembrane, upon arrival to the Site, is damaged, the 
MANUFACTURER shall make all repairs and replacements in a timely manner so as to 
prevent delays in the progress of the work.  

H. If the ENGINEER determines the geomembrane is damaged during installation, the 
GEOSYNTHETICS CONTRACTOR shall make all repairs and replacements in a timely 
manner, so as to prevent delays in the progress of the work.  As determined by the 
ENGINEER, any material damaged by the GEOSYNTHETICS CONTRACTOR, or 
damaged by others due to improper storage, shall be replaced by the GEOSYNTHETICS 
CONTRACTOR at no cost to the OWNER. 

I. For storage longer than 9 months, rolls must be stored off the ground under an additional 
cover or tarp beyond the manufacturer’s wrapping or be placed within an enclosure.  
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PART 2 MATERIALS 

2.1 GENERAL 

A. The geomembrane shall be manufactured from first quality; virgin high-density polyethylene 
(HDPE) resin blended with carbon black, and shall be textured on both surfaces.  The resin 
and finished product requirements are described in this Part, including the minimum 
Manufacturing Quality Assurance (MQA) and Manufacturing Quality Control (MQC) 
sampling and testing requirements. 

B. The geomembrane may have a white surface to minimize geomembrane surface temperatures 
and reduce overall wrinkling in the panels during construction.  Any non-black 
geomembrane must be suitable for exposure during the installation process without 
degradation to the physical and mechanical properties required by this Specification.   

C. Conformance testing will be at the expense of the OWNER, unless the tests show the 
material does not comply with the Specifications, in which case the GEOSYNTHETICS 
CONTRACTOR and/or MANUFACTURER shall pay the cost of re-sampling and testing (if 
material is not supplied by the OWNER). 

D. The MANUFACTURER shall be solely responsible for the quality of the material provided.  
Should any of the tests performed on the material yield unsatisfactory results, the 
GEOSYNTHETICS CONTRACTOR will be responsible for replacing the material with 
satisfactory materials without delay to the project or cost to the OWNER (if material is not 
supplied by the OWNER). 
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2.2 RESIN

A. The textured HDPE geomembrane shall be manufactured from high quality HDPE resin with 
superior stress crack resistance.  While more than one resin may be suitable, and will be 
considered, the MANUFACTURER is cautioned that the ENGINEER and OWNER consider 
proper resin selection crucial to the successful completion of the project, and proposed resins 
will be most thoroughly and carefully reviewed.  Once a resin has been accepted for use, all 
material for the project shall be manufactured from that resin unless approved by the 
ENGINEER. 

2.3 GEOMEMBRANE 

A. The sheet material shall be formulated from the appropriate polymers and compounding 
ingredients to form HDPE geomembrane that meets all requirements of this specification. 

B. No reground, reworked, reprocessed or recycled material shall be utilized in the production 
of geomembrane for this project. 

C. The geomembrane MANUFACTURER shall complete Manufacturing Quality Control 
(MQC) testing on the geomembrane in accordance with the requirements summarized in 
Table 1. 

D. Geomembrane Conformance Testing - The ENGINEER shall take samples across the entire 
width of the geomembrane roll for conformance testing.  Unless otherwise specified, samples 
shall be three feet long by the roll width and shall not include the outer wrap.  The 
ENGINEER or authorized representative shall mark the machine direction on the samples 
with an arrow.   

1. Unless otherwise specified, conformance samples shall be taken at a rate of one per 
100,000 square feet, with a minimum of one sample per manufacturing lot.  An 
appropriate number of samples, as determined by the ENGINEER in accordance with 
ASTM D4354 will be submitted for conformance testing.  The ENGINEER will ship 
these samples directly to the CQA laboratory. 

2. Conformance testing shall be conducted by a qualified laboratory with GAI-LAP 
accreditation. 

3. Geomembrane conformance samples selected by the ENGINEER may be tested for any 
properties specified in Article 2.3C, but shall as a minimum be tested for the following: 
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GEOMEMBRANE  CONFORMANCE 
MINIMUM TESTING REQUIREMENTS  

PROPERTY TEST METHOD MINIMUM VALUE
Core Thickness (min. avg.), mils 
  Lowest individual 8 of 10 

Lowest individual for any 10

ASTM D5994 60 nominal (-5%) 
-10% 
-15%

Asperity Height (min. avg.), mils GRI GM12 12
Density (min. avg.), g/cm3 ASTM D1505/ 

D792
0.940 

Tensile Properties (min. avg.) both 
directions 
 Yield strength, lb./in. 
 Break strength, lb./in. 
 Yield elongation, % 
 Break elongation, %

ASTM D6693  

126 
90 
12 
100 

Carbon Black Content (range), %  ASTM D1603 2.0-3.0 
See Note 13, Table 1

Carbon Black Dispersion ASTM D5596 See Note 15, Table 1

E. Non-conforming material will not be used in the work.  In the event non-conforming results 
are obtained from the laboratory, the nearest numbered rolls on each side of the non-
conforming roll shall be sampled and tested for the full suite of conformance tests, until the 
extent of non-conformance is established, at no cost to the OWNER.  The owner reserves the 
right to reject the lot of rolls at any stage of extended sampling and testing.   

F. Interface Shear Testing – Interface shear strength testing of the geomembrane and related 
materials will be the responsibility of the OWNER using materials provided by the 
Geosynthetics Contractor (if material is not supplied by OWNER).  Materials used in 
interface shear testing shall be the same materials (e.g., same resin formulation, material 
properties, etc.) as those proposed for use.  The results must comply with the criteria 
determined by the OWNER, as specified in the Construction Drawings.  All testing must 
meet the minimum requirements, and the ENGINEER prior to installation of the materials 
must complete the analysis of those results.  Testing for geosynthetic to geosynthetic or 
geosynthetic to soil interface shall be conducted according to the current version of ASTM 
D5321. The Engineer shall assign testing requirements.    

2.4 WELDING ROD AND/OR WELDING PELLETS 

A. The welding rod and/or pellets used for extrusion welding shall be produced from the same 
resin type as that used to manufacture the geomembrane supplied for this Project. 

B. The following table represents the minimum required Manufacturing Quality Control (MQC) 
testing that must be conducted by the MANUFACTURER on the welding rod and/or pellets: 
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ROD/PELLETS MQC 
MINIMUM TESTING AND FREQUENCY 

PROPERTY TEST METHOD REQUIRED 
VALUES

Density, g/cm3 ASTM D1505/D792 0.940 (minimum 
avg)

Carbon Black 
Content, %

ASTM D1603 or 
D4218

2.0 – 3.0 

C. Sampling / Testing Frequency:  A minimum of one sample for every 6 hours of continuous 
production, or frequencies as approved by the ENGINEER will be taken for testing.  If 
production is interrupted while manufacturing the material for this project, then, in addition 
to the frequency indicated, a sample from the first material produced upon re-starting must be 
obtained for testing. 

D. The ENGINEER may perform conformance sampling and testing of the welding rod and/or 
pellets. 

2.5 GEOMEMBRANE PENETRATION BOOTS 

A. The GEOSYNTHETICS CONTRACTOR shall furnish all geomembrane penetration boots 
and other materials required for completion of the geomembrane installation.  Geomembrane 
boots may be field fitted or may consist of factory pre-fabricated boots.  Prior to installation, 
the proposed methodologies used for boot fabrication proposed by the GEOSYNTHETICS 
CONTRACTOR must be approved by the ENGINEER.   

B. When pre-fabricated boots are utilized, the geomembrane MANUFACTURER shall provide 
a statement of hydraulic or pneumatic testing demonstrating that the shop-fabricated unit 
does not leak.  A description of the method used for testing in the shop shall be submitted to 
the ENGINEER for approval prior to shipping the shop-fabricated boots to the site. 

C. Geomembrane penetrations are to be constructed only at the locations shown on the 
Drawings.  The GEOSYNTHETICS CONTRACTOR is cautioned that no deviation in the 
quantity or configuration of geomembrane penetrations will be accepted without the advance 
written approval of the ENGINEER. 

D. The GEOSYNTHETICS CONTRACTOR shall construct penetrations in accordance with the 
procedures described in ASTM D6497-02, Standard Guide for Mechanical Attachment of 
Geomembrane to Penetrations or Structures, or as described by this Specification. 

E. All penetrations through the geomembrane shall be thoroughly and securely sealed.  The seal 
between the geomembrane and the pipe shall be without any detectable leakage. 
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F. In attaching the geomembrane penetration boot in the field, no field seams will be allowed in 
locations or configurations that do not allow for Construction Quality Control testing.  Visual 
observation is not considered a sole acceptable method for in-field quality control. 

G. Where clamps, fasteners, gasket seals or sealants are used, the GEOSYNTHETICS 
CONTRACTOR shall use only materials that are compatible with the geomembrane. 

PART 3 EXECUTION 

3.1 SITE PREPARATION 

A. All required grading, grooming and construction quality assurance (CQA) testing on any low 
permeability soil or GCL to be covered by the geomembrane shall be complete and accepted 
by the ENGINEER prior to geomembrane placement. 

B. The surface to be covered by the geomembrane shall be cleared of sharp objects, angular 
stones, sticks, or any materials that may contribute to punctures, shearing, rupturing or 
tearing of the geosynthetic materials.  The geomembrane subgrade shall have a smooth, 
finished surface, free from pockets, holes, ruts, and discontinuities that, in the judgment of 
the ENGINEER, will cause bridging of the material.  The subgrade shall be inspected for 
unsuitable areas or soft spots before the geomembrane is placed, and additional surface 
preparation will be required to eliminate any unsuitable areas as determined by the 
ENGINEER. 

C. The GEOSYNTHETICS CONTRACTOR and ENGINEER shall carefully and completely 
inspect the subgrade surface immediately prior to the deployment of each geomembrane 
panel.  No geomembrane shall be placed on unsuitable subgrade surface, or without the 
ENGINEER’s written approval.  The ENGINEER and the GEOSYNTHETIC 
CONTRACTOR’s Quality Control (QC) inspector shall furnish their signatures on a 
Subgrade Acceptance Log prior to the installation of each panel or series of panels placed on 
a daily basis. 

D. Under no condition shall the geomembrane be placed over standing water on the subgrade. 

3.2 SEAMING METHODS 

A. The geomembrane panels shall be joined utilizing approved seaming methods.  Dual-track 
fusion welding shall be the required method on all seams where it is feasible.  Extrusion 
welds shall be made only where approved by the ENGINEER.   

B. All geomembrane surfaces that are to become a seam interface are to be free of dust, dirt, 
excess moisture or any other condition that may affect the quality of the seam. 

C. Seaming will not be allowed during rain or snowfall, unless proper precautions are made to 
allow the seam to be made on dry subgrade and geomembrane materials. 
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D. The seams shall be produced using one of the following methods: 

1. Dual-Track Fusion (Wedge) Weld – A seam produced by melting the two intimate 
surfaces by running a hot metal wedge between the surfaces, followed immediately by 
pressure to form a homogeneous bond.  This seam has a center air channel for non-
destructive testing of the seam.  Panels to be seamed shall be overlapped sufficiently to 
allow proper destructive testing of seams.  The CONTRACTOR shall mark the liner 
where the Dual-Track Fusion Welding machine settings are adjusted (including speed, 
temperature and pressure).  Measurable setting values shall be indicated on the liner. 

2. Extrusion Weld – A seam produced by extruding molten HDPE at the edge of two 
overlapped panels.  A bonded seam is completed when molten HDPE melts portions of 
the overlapping sheets to form a homogeneous weld.  The center of the extrudate bead 
shall be located directly over the edge of the upper geomembrane.  Panels to be seamed 
shall be overlapped a minimum of 4 inches.  An electric rotary grinder and #50 grit paper, 
or finer, shall be used to remove the surface sheen in the area to be seamed.  Use of 
coarser grit sandpaper must be approved by the ENGINEER.  Grinding shall be 
completed no more than 30 minutes prior to seaming unless documentation from the 
manufacturer can be provided that states a longer period between welding and grinding 
are acceptable.  Any grinding marks shall be less than 5% of the sheet thickness.  
Grinding marks shall not appear beyond 0.25” of the extrudate after it is applied.  
Beveling, if performed, shall be completed prior to tack welding to control damage to the 
lower sheet.  If beveling is not performed, the GEOSYNTHETICS CONTRACTOR shall 
demonstrate to the ENGINEER that successful field extrusion welds can be performed 
without the use of beveling. 

E. The GEOSYNTHETIC CONTRACTOR shall properly maintain and set-up the welding 
equipment prior to seaming operations on a regular as needed basis, in the manner specified 
by the Manufacturer.  For wedge welding equipment this is expected to include as a 
minimum; checking the condition and adjusting the position of the nip rollers, hot wedge and 
contour rollers.  As well, the GEOSYNTHETIC CONTRACTOR shall properly examine and 
check the cartridge heaters, thermocouples, drive chains and electronics for proper operation.  
The Contractor must inform the CQA Observer of any adjustments/repairs made to the 
welding equipment.  Proper adjustments made to the welding equipment must be confirmed 
through performance of trial welds.   

F. Following limited equipment shutdown that did not require performance of a trial weld 
(Section 4.2), the GEOSYNTHETIC CONTRACTOR and CQA observer shall visually 
inspect and document the extruder/wedge settings are acceptable prior to re-start of any 
production welds 
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3.3 INSTALLATION 

A. Based on the approved geomembrane panel diagram and material certifications, the 
individual panels will be numbered and seams will be identified by using the panel numbers 
that create the seam.  The HDPE panels shall be installed in a manner that minimizes seams.  
Seams shall be placed where normally applied stresses will be minimal.  Longitudinal seams 
shall be oriented as close as practical to parallel to the line of maximum slope but in no case 
shall be greater than ten degrees from parallel..  Cross seams (i.e. those seams which join the 
ends of contiguous panels) shall not be placed on any slope that exceeds a ten percent grade.  
All panels placed on slopes greater than 10% shall extend down the full length of the slope, 
and shall be cut no closer than five feet from the top of the slope or ten feet from the toe of 
slope.  All seam overlaps shall be shingled in a down slope direction.  In no case shall 
parallel seams be placed within five feet of the centerline of any leachate collection pipe.   

B. Piecework resulting in the placement and seaming of small panels not identified by the panel 
diagram shall not be permitted.  Any material variation from the approved panel diagram 
must be pre-approved by the ENGINEER prior to altering the installation.  

C. The geomembrane in both the primary and secondary composite liner systems must be 
installed in direct and uniform contact with the underlying low permeability soil layer or 
GCL in a manner that eliminated waves and creases.  

D. During installation, and any other period of exposure of geomembrane, pedestrian and 
equipment activity over the geomembrane shall be kept to a minimum, and restricted to only 
that which is necessary for geomembrane construction. 

E. Smoking is not permitted on the geomembrane. 

F. Construction workers shall take precautions not to damage the geomembrane surface.  
Construction workers shall exercise care not to drag tools across the geomembrane surface.  
All large tools are to have smooth base plates, or shoes with skid sheets.  Construction and 
landfill staff shall be informed of the restricted access to areas of geomembrane placement by 
use of barriers and signs posted as necessary.  Only hook blade knives shall be used to cut 
geomembrane. 

G. The GEOSYNTHETICS CONTRACTOR shall perform all activities of geomembrane 
construction in such a way as to avoid damage to the geomembrane.  Any damage caused to 
the geomembrane by the GEOSYNTHETICS CONTRACTOR shall be repaired or the 
material replaced at the expense of the GEOSYNTHETICS CONTRACTOR. 

H. No tracked or wheeled vehicles, other than low ground pressure ATVs as pre-approved by 
the ENGINEER, shall be permitted on the geomembrane prior to placement of adequate soil 
cover, as determined by the ENGINEER. 
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I. The GEOSYNTHETICS CONTRACTOR shall complete his work in a manner that will 
prevent water or wind from getting under the partially installed geomembrane.  This could 
include, but is not limited to, installing sandbags along the leading edges.  Should excessive 
moisture become trapped below the geomembrane, or should wind damage occur due to the 
negligence of the GEOSYNTHETICS CONTRACTOR, the GEOSYNTHETICS 
CONTRACTOR, at no extra cost to the OWNER, will be required to perform all work, 
including removing and replacing as much of the in-place geosynthetic material as the 
ENGINEER directs, to assure that the integrity of the geomembrane and the underlying 
subbase or geosynthetic clay liner (GCL) has not been compromised. 

J. Seams shall be welded throughout the entire length of the panels during initial panel 
seaming. 

K. Sandbags or other approved ballast shall be used to prevent bridging or material movement in 
areas such as toe of slope or near sumps.  Ballast shall not be used to force the geomembrane 
into contact with the subgrade. 

L. Special care shall be taken to prevent tensile stress in the geomembrane and geomembrane 
seams in all corners and grade changes. 

M. The GEOSYNTHETICS CONTRACTOR shall exercise his best judgment and care to 
provide sufficient slack in the geomembrane to allow for thermal contraction without 
“trampolining”, but to also avoid excessive slack such that wrinkling will be minimized 
during seaming and placement of overlying soil or geosynthetic materials.   

N. The geomembrane shall not be installed when ambient or sheet temperatures are below 32
F, when the sheet temperature exceeds 158 F, or when the air temperature is above 120 F, 
during periods of sustained winds in excess of 20 miles per hour, or during periods of 
precipitation, unless the GEOSYNTHETICS CONTRACTOR demonstrates, to the 
satisfaction of the ENGINEER, that procedures can be implemented which will result in the 
proper installation and seaming of the geomembrane.  For seaming activities below 32 F the 
CONTRACTOR shall use procedures set forth in GRI GM 9.  Maximum allowable time 
between trial welds shall be adjusted to 2 hours.  No seaming shall be performed when sheet 
temperatures are lower than 22 deg F.  Trial weld samples shall be tested at a temperature 
greater than 32 deg F, and destructive sample spacing shall be reduced to 400 ft when 
seaming below 32 deg F. 

O. Adjacent geomembrane panels shall be allowed to reach essentially equivalent temperatures 
prior to seaming to avoid development of fishmouths. 

P. If fishmouths are created at the seam overlaps, they shall be cut to achieve a flat overlap.  
The cut shall be made with keyhole ends, and a patch shall be placed over the cut as required 
by Article 3.4. 

Q. Wrinkles shall not exceed a height to width ratio of 0.5, or as deemed acceptable by the 
ENGINEER.  The height of the wrinkle shall be measured from the base or subgrade to the 
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peak of the wrinkle.  The width of the wrinkle shall be measured along the base of the 
wrinkle. 

R. Geomembrane covering operations shall be performed in a manner that does not damage the 
geomembrane lining system.  Geomembrane covering operations shall be performed only in 
the presence of a Construction Observer such that the condition and cleanliness of the 
geomembrane is observed at the time the material is covered, and any effects of the covering 
operation on the geomembrane lining system can be observed.   

S. In the event wrinkles develop during any covering operation that have folded over, the excess 
material shall be cut out to achieve a flat overlap, or the covering operation shall be delayed 
until such time wrinkling subsides to acceptable levels.  Any geomembrane cut shall be made 
with keyhole ends, and a patch shall be placed over the cut as required by Article 3.4.  
Wrinkles that do not lay flat and whose height to width ratio does not exceed 0.5 are 
susceptible to damage by soil placement equipment, and shall be carefully monitored by the 
ENGINEER during cover operations. 

T. At the termination of a continuous seam, samples shall be obtained and tested in the field for 
dual track fusion welds.  Outside and inside tracks shall be tested and documented and both 
used to determine pass or fail.   

U. Any use of ATV’s on the site must be pre-approved by the ENGINEER.  The 
GEOSYNTHETICS CONTRACTOR shall submit an S.O.P. describing how ATV’s are to be 
used, if at all, in the deployment of geomembrane at the site.  As a minimum, the following 
shall apply: 

1. Any damage resulting from the use of ATV’s, as determined by the ENGINEER, shall be 
repaired according to Article 3.3, at no additional cost to the OWNER.  If 
repeated repairs are required as the result of the use of ATVs operating on geosynthetic 
material, further use of ATVs will be prohibited. 

2. Any and all ATV’s proposed to be used in the deployment of geosynthetics will be 
inspected by the ENGINEER.  ATV’s which are found to be leaking oil or fuel, or which 
in any other way exhibit the potential to damage the lining system components, will not 
be permitted. 

3. Any oil or fuel which leaks onto geosynthetic materials shall be thoroughly removed 
(cleaned) by the GEOSYNTHETICS CONTRACTOR, or the geosynthetic material shall 
be replaced at the discretion of the ENGINEER, at no additional cost to the OWNER. 

4. Re-fueling of ATVs on geosynthetic materials is prohibited. 

5. ATVs shall have tires with low ground pressure, typically less than 5 psi, and shall have 
shallow treads. 

6. ATVs shall be operated by a single operator at speeds less than 5 mph. 



_____________________________________________________________________________________________________________________ 
Seneca Meadows 02597 HDPE Geomembrane 
Printed Date 11/1/2019     Page 17 of 24 

7. Quick starts, stops, spinning wheels and sharp turns will not be permitted above any 
geosynthetic material. 

8. ATVs shall not be operated when fold-over or creasing of wrinkles would be expected to 
occur.  Special precautions (slower speeds, use of observers) shall be made at changes in 
slope (e.g., toe-of-slope).  Any foldovers or creases in geomembrane that develop as a 
result of ATV operation shall be repaired by the Geosynthetics Contractor at no 
additional cost to the Owner.  If damage along the toe of slope is observed, removal of 
the entire geomembrane panel may be required.   

9. ATVs shall only be operated on geomembrane or other geosynthetics for deployment 
purposes only.  Specifically, ATVs shall not be operated on geomembrane for movement 
of personnel, equipment (welders, generators).  The OWNER reserves the right to ban all 
use of ATVs on geosynthetics if strict adherence to these requirements are not followed.   

3.4 REPAIRS 

A. All geomembrane panels and seams shall be examined by the ENGINEER for defects, holes, 
blisters, undispersed raw materials, and any sign of contamination by foreign matter.  The 
geomembrane surface shall be clean at the time of examination.  Each suspect location shall 
be repaired and all repairs shall be non-destructively tested. 

B. Damaged geomembrane shall be removed and replaced with acceptable geomembrane if 
damage cannot be repaired to the satisfaction of the ENGINEER. 

C. Any portion of the geomembrane, or any portion of a seam exhibiting a flaw or failing a 
destructive or non-destructive test, or an area where a wrinkle had been cut out shall be 
repaired, as follows: 

1. Geomembrane patches shall be used for holes over 1/8 of an inch in diameter, tears, and 
contamination by foreign matter.  Patches shall be constructed of the same geomembrane, 
and will be joined to the panel using extrusion welding, or fusion welding where possible. 

2. Geomembrane patches or caps shall extend at least 6 inches beyond the edge of the defect 
or failed seam area, and all corners of material to be patched.  The corners of the patch 
shall be rounded to a radius of at least 3 inches. 

3. Spot extrusion welding shall be used to repair pinholes, or other minor localized flaws, 
only as approved by the ENGINEER. 

4. Geomembrane caps shall be used to repair failed seams that are left in-place.  Seams that 
fail destructive or non-destructive testing may also be removed and replaced if 
determined necessary by the ENGINEER. 

5. Repairs exceeding 50 feet in length require fusion welding.   
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PART  4 FIELD QUALITY ASSURANCE/QUALITY CONTROL PROGRAM 

4.1 GENERAL 

A. Before installation begins, and weekly thereafter (more often if determined necessary by the 
ENGINEER) project coordination meetings shall be held with the designated representative 
of the EARTHWORKS CONTRACTOR, GEOSYNTHETICS CONTRACTOR, 
ENGINEER and OWNER in attendance to review the following information: 

1. Progress of the work. 

2. Adherence to the Specifications. 

3. Adherence to the Construction Quality Assurance Program described in this Section, 
including the timely submission of the pertinent forms. 

4. Planned work and methods for the ensuing week, including estimate of time remaining to 
completion of the work. 

5. Problem resolutions to be implemented during the upcoming week. 

B. All of the Forms specified and required must be submitted to the ENGINEER in a timely 
fashion. 

C. The OWNER and ENGINEER must approve any changes in the proposed method of work, 
subcontractors to be utilized, geomembrane resin, or manufacturing in advance. 

D. The GEOSYNTHETICS CONTRACTOR assumes all responsibility relevant to providing an 
acceptable product. 

4.2 INSTALLATION QA/QC 

A. The ENGINEER and GEOSYNTHETICS CONTRACTOR shall visually inspect all material 
to be included in the work, and compare roll identification numbers with those on the 
certifications provided by the manufacturer to assure delivery of the appropriate material. 

B. Damage to geomembrane during installation shall be repaired according to Article 3.4.  If the 
ENGINEER determines that any damage cannot adequately be repaired, the damaged 
material will be replaced. 

C. The GEOSYNTHETICS CONTRACTOR will be required to conduct both destructive and 
non-destructive testing on seams during the geomembrane installation, as part of the 
Construction Quality Control program.  All trial and installed seam samples shall be tested 
according to ASTM D6392, as modified by this Specification. 

D. Trial Seams  
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1. Except as noted in Section 3.3M, trial seams shall be produced each day, at the start 
of each workday, after every four hours of continuous operation, after equipment 
maintenance, repair, or replacement, and if the geomembrane temperature changes by 
more than 45F.  Trial seams shall be required each day for each piece of seaming 
equipment and each welding crew combination (including welding technician, seam 
cleaners and/or grinders).  The trial seams will be performed on strips of 
geomembrane from approved rolls, and shall be produced at the work location such 
that the conditions mimic those under which production seams will be made. 

2. A trial seam shall be a minimum of 10 feet in length for self-propelled seaming 
devices, and a minimum of 3 feet for hand-held seaming devices.  The material for 
the trial seam and the test fixture for making the field tests shall be provided by the 
GEOSYNTHETICS CONTRACTOR at no additional cost.  One-inch wide cutouts of 
the trial seams will be subject to shear and peel testing at the site.  A minimum of 3 
cutouts will be tested for shear, and a minimum of 3 cutouts will be tested for peel.  
All peel tests shall be performed on both the outer and inner tracks of dual track 
fusion welds.   

3. All trial seam specimens must be acceptable or the trial seam will be repeated until all 
results from a given trial seam are found acceptable.  If any trial seam fails at any 
time during the workday, the reason for the failure shall be resolved before any 
production seaming of the geomembrane by the subject equipment and crew.  All trial 
seam welding and testing must be observed by the ENGINEER. 

4. A trial seam specimen will be considered a failure if: 

a.    In the shear test:  

i. the bonded thickness of the seam fails before the adjacent sheet 
material; or, 

ii. the yield strength of the specimen is less than 95 percent of the 
yield strength of the parent HDPE material for fusion or extrusion 
welds.   

The ENGINEER, based on the test data described in Article 2.3, will determine the 
“yield strength of the parent HDPE material.”   

b.   In the peel test: 

i. the two sheets comprising the seam separate for greater than 25% 
of the bonded seam length.  The peel separation value shall be 
calculated as the proportion of measured linear length of separated 
bond in the direction of the test, to the measured length of the 
original bond.  For fusion welds, the squeeze-out, and any lightly 
bonded zones in the transition zone, will not be included in the 
original bonded seam length.   

ii. For fusion welds the yield strength of the seam is less than 72% of 
the yield strength of the parent HDPE material, or 
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iii. For extrusion welds the yield strength is less than 65% of the yield 
strength of the parent HDPE material. 

c.    Upon visual inspection, the weld shows: 

i. Excessive deformation or stepping of the bottom sheet 
when viewed in cross-section. 

ii. Discoloration of the sheet such as that occurring from 
brittle failure. 

iii. Inadequate or excessively narrow or flat weld bead (for 
extrusion seams). 

iv. Water blisters in weld bead (for extrusion seams). 
v. Misaligned weld bead, i.e., weld not reasonably centered 

with respect to overlap (for extrusion seams). 
vi. Thinning of the sheet adjacent to the weld. 

vii. Overgrinding marks outside of the extrudate bead (for 
extrusion seams). 

5. The field tensiometer shall be strong enough to permit the operator to determine that 
the seam is at least as strong as either sheet, and shall permit accurate measurement of 
specimen elongation.  The tensiometer shall have been calibrated within an 
acceptable period of time in accordance with manufacturer's recommendations, or 1 
year, whichever is less.  The field tensiometer shall remain within the certified 
calibration throughout the duration of its use on the Project.  In all cases, the 
maximum acceptable calibration frequency shall be 1 year.  

6. Should the ENGINEER, at any time during the installation, believe the production 
seaming process may not be performing adequately, he may, to avoid destructive 
sampling of the installed geomembrane, request additional trial seams.  The 
GEOSYNTHETICS CONTRACTOR at no additional cost shall do this. 

E. Non-Destructive Testing - The GEOSYNTHETICS CONTRACTOR shall complete non-
destructive testing of all seams along their entire length, in the manner approved prior to 
installation, in the presence of the ENGINEER.  The recommended test methods are as 
follows: 

1. Pressurized Air Channel 

a. All field seams made by a dual-track fusion wedge welding device will be tested 
by applying air pressure within the air channel to a sealed length of seam, and 
monitoring the pressure over time.  The testing shall be conducted in accordance 
with GRI GM6. 

b. For the 60 mil geomembrane, the initial inflation pressure shall be a minimum of 
27.0 psi and a maximum of 30.0 psi.  The maximum allowable pressure drop over 
a 5-minute period shall be 3.0 psi. 

c. A pressure gauge shall be inserted into the far end of the air channel to check for 
continuity in the air channel.  Alternately, the far end of the seam may be cut to 
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relieve the air pressure.  An audible rush of air shall serve as an indicator that the 
test represents the entire length of seam. 

d. Air channels that do not hold the minimum specified air pressure shall be further 
inspected to identify the location and nature of any defects or unbonded sections of 
seam.  The seam will then be repaired and retested.  The ENGINEER may, at his 
discretion, require the entire questionable seam area to be capped or replaced. 

2. Vacuum Box Testing 

a. Extrusion seams shall be inspected for unbonded areas or defects by applying a 
vacuum to a soaped section of seam.  The vacuum shall be applied by a vacuum 
box equipped with a vacuum gauge, a clear glass view panel in the top, and a soft 
rubber gasket on the periphery of the open bottom.  The testing shall be completed 
in accordance with ASTM D5641.   

b. A section of the seam shall be soaped thoroughly and the inspection box shall be 
placed over the soaped seam section and the gasket sealed to the geomembrane.  A 
vacuum of between 4 and 8 inches of Mercury (Hg) shall be applied to the box for 
a minimum of 10 seconds by use of a gasoline or electric driven power-vacuum 
pump apparatus.  Adjacent placements of the vacuum box shall overlap the seam a 
minimum of 2 inches as viewed through the vacuum box-viewing window.   

c. The ENGINEER shall witness the testing, and the seam shall be clearly visible to 
the ENGINEER and GEOSYNTHETICS CONTRACTOR during the test.  
Unbonded areas or defects shall be marked by the ENGINEER for repair by the 
GEOSYNTHETICS CONTRACTOR. 

3. Spark Testing 

a. The procedure for performing spark testing on an extrusion weld involves placing 
a thin copper wire at the interface of the two sheets to be joined after surface 
grinding has been performed. One technician will lay the wire along the sheet 
interface while the extrusion technician welds the seam. The technician placing the 
wire is responsible for keeping the wire in the center of the weld area; therefore, he 
must not get too far ahead of the welding technician. A couple of inches of wire 
are to be left exposed at each end of the weld.  

b. The apparatus to be used to perform the spark testing consists of a battery pack 
with an alarm, a grounding lead and a wand with a brass bristled brush. The actual 
apparatus to be used is subject to approval by the Project Engineer.  

c. The grounding lead (negative polarity) is attached to one end of the wire while the 
wand (positive polarity) with 12,000 to 20,000 volts applied is brushed across the 
weld. Adjacent sweeps of the brush will be overlapped a minimum of six inches. 
Pinholes or defects in the weld will allow the circuit to be complete causing a 
spark to jump between the wire and the brush and setting off the audible alarm. 
The locations of defects will be marked by the geosynthetic construction observer 
for repair.  

d. Upon completion of spark testing along a seam, the brush will be passed over the 
exposed portion of the copper wire at the opposite end of where the ground lead 
was attached to ensure that the wire is continuous through the weld. 
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F. All inadequate seams or portions thereof that fail the non-destructive testing shall be repaired 
in accordance with this Specification and the method approved by the ENGINEER.  Should 
differences of opinion between the GEOSYNTHETICS CONTRACTOR and the 
ENGINEER develop during the installation relevant to seam integrity, the ENGINEER may, 
at his discretion, obtain samples of the seams in dispute for field and/or laboratory testing.  
The GEOSYNTHETICS CONTRACTOR will be responsible for patching the resulting void 
in accordance with the previously approved procedures at no additional cost to the OWNER. 

G. Destructive Sample Collection - Samples of the in-place seams shall be cut from the installed 
geomembrane at a minimum average frequency of one sample per 1000 linear feet of seam, 
excluding repair seam length.  Samples will be collected at the end of a seam/panel length 
whenever practicable.  When selecting sample locations, the sample locations may be moved 
up to 200 feet in either direction (from the 1000 foot interval) to allow for sample collection 
at the end of panel.  An overall average sampling frequency of one sample per 100 linear feet 
shall be maintained.   

H. A minimum of one seam sample shall be obtained for each seaming machine/operator 
combination for each day, or as directed by the ENGINEER.  The cutout sections shall be 10 
inches wide by 30 inches long with the seam centered lengthwise.  The sample dimensions 
can be increased if the CONTRACTOR elects to have a cutout section for their use.  The 
sample size can be adjusted in the field if approved by the ENGINEER.  However, every 
effort shall be used to minimize the overall destruct sample size (and associated seam repair 
length).  A 1-inch wide specimen shall be cut from each end of the sample, and these two 
specimens shall be peel tested in the field in accordance with 4.2 H.  The remaining sample 
shall be cut into 2 parts and distributed as follows: 

1. One 10-inch by 14-inch sample to the ENGINEER for independent laboratory testing; 
and, 

2. One 10-inch by 14-inch sample to the OWNER for archive storage. 

I. Destructive Testing Requirements - The 10-inch by 14-inch laboratory sample will provide 5 
specimens for shear testing and 5 specimens for peel testing.  Specimens that will be subject 
to peel and shear testing shall be selected alternately from the sample. All peel tests shall be 
performed on the outer track of dual track fusion welds.  The laboratory shall report the locus 
of break code for each specimen according to the definitions included in Figure 3 and Figure 
4 of ASTM D6392, included at the end of this Section.  The laboratory sample will be 
considered acceptable only if all 10 specimens meet the minimum requirements.  The 
specimen will be considered a failure if: 

1. In the shear test, the bonded thickness of the seam fails before the adjacent sheet 
material; or, the yield strength of the specimen is less than 95 percent of the yield 
strength of the parent HDPE material for fusion and extrusion welds; or, the shear 
percent elongation at break is less than 50%.  The ENGINEER, based on the test data 
described in Article 2.3, will determine the “yield strength of the parent HDPE 
material.”  Shear percent elongation shall be calculated in accordance with ASTM 
D6392, paragraph 8.3. 
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2. In the peel test, the two sheets comprising the seam separate for greater than 25% of 
the bonded seam length.  The peel separation value shall be calculated as the 
proportion of measured linear length of separated bond in the direction of the test, to 
the measured length of the original bond.  For fusion welds, the squeeze-out, and any 
lightly bonded zones in the transition zone, will not be included in the original 
bonded seam length.  

3. In the peel test:  

a. For fusion welds the yield strength of the seam is less than 72% of the yield 
strength of the parent HDPE material, or 

b. For extrusion welds the yield strength is less than 65% of the yield strength of the 
parent HDPE material. 

4. In the shear or peel test, locus of break codes AD, AD1, AD2 or AD-WLD are 
reported by the ENGINEER. 

5. Upon visual inspection, the weld shows: 

a. Excessive deformation or stepping of the bottom sheet when viewed in cross-
section. 

b. Discoloration of the sheet such as that occurring from brittle failure. 
c. Inadequate or excessively narrow or flat weld bead (for extrusion seams). 
d. Water blisters in weld bead (for extrusion seams). 
e. Misaligned weld bead, i.e., weld not reasonably centered with respect to overlap 

(for extrusion seams). 
f. Thinning of the sheet adjacent to the weld. 
g. Over grinding marks outside of the extrudate bead (for extrusion seams). 

J. If a sample fails destructive testing: 

1. The seam must be reconstructed in each direction between the location of the sample 
that failed and the location of the next acceptable sample; or 

2. the welding path must be retraced to intermediate locations at least 10 feet in each 
direction from the location of the sample that failed the test, and a second sample 
shall be taken for an additional field test.  If the tracking samples pass, the seam must 
be reconstructed between the location of the two tracking samples and the original 
sampled location.  If the tracking sample fails, this process must be repeated.  The 
seam between 2 passing test locations shall be capped, the cap seams shall be 
nondestructively tested.  

K. The ENGINEER and GEOSYNTHETICS CONTRACTOR shall visually inspect all 
geomembrane seams.  Extrusion welds shall be centered above the overlap, shall be free from 
blisters, and shall not include grinding marks that show more than 0.25” outside of the 
extrusion bead.  If such grinding marks are found, the seam shall be repaired to the 
ENGINEER’s satisfaction. 
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L. All welds shall be observed for traces of deformation to the geomembrane panels.  Any 
seams, which in the opinion of the ENGINEER, have caused excessive deformation of the 
sheet, show signs of discoloration, exhibit thinning or stepping of the sheet, or show visual 
signs of overheating of the geomembrane panels, shall be repaired at no additional cost to the 
OWNER regardless of the result of any destructive testing on the seam.  The deficient seam 
or portion thereof shall be cut out, the geomembrane panels again overlapped and seamed, or 
the questionable seam length shall be capped, as approved by the ENGINEER. 

M. The GEOSYNTHETICS CONTRACTOR shall not place overlying materials on the installed 
geomembrane until the ENGINEER has reviewed and accepted the written test results for the 
geomembrane to be covered.  At a minimum, the pre-delivery testing, the daily log of trial 
seam results, laboratory destructive sample results, non-destructive test results, record 
drawings of the completed area, and approval of the seams in place will be reviewed. 

N. The GEOSYNTHETICS CONTRACTOR shall provide a report to the OWNER and the 
ENGINEER at the conclusion of the work which shall include the following: 

1. The quality control tests used as specified and/or directed, including all requirements 
of the Report section of the specified test method. 

2. Complete description of field sampling procedure, number of test specimens, and size 
of test specimens. 

3. Log of all Construction Quality Control work. 

O. The GEOSYNTHETICS CONTRACTOR shall be responsible for all costs incurred by the 
OWNER including, but not limited to, additional field and laboratory CQA testing resulting 
from greater than 5 percent of the CQA testing not meeting or exceeding the Specifications. 

P. All seams that cannot be subjected to the required Construction Quality Control or 
Construction Quality Assurance (CQA/CQC) testing shall be overcapped. 

4.3 WARRANTY 

A. The GEOSYNTHETICS CONTRACTOR shall issue a warranty on the installation of 
geomembrane for a minimum period of 1 year. 

B. The MANUFACTURER shall issue a warranty on the geomembrane material for a minimum 
period of 5 years. 

END OF SECTION 
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TABLE 1 
GEOMEMBRANE  MQC 

MINIMUM TESTING AND FREQUENCY 

PROPERTY TEST METHOD VALUE MINIMUM TEST 
FREQUENCY 

Notched Constant Tensile Load 
(NCTL), hrs (1,2,3)

ASTM D5397-99, 
Single Point

400 (minimum 
average)

1/SRC Resin Lot (4)

Resin Density, g/cm3 (allowable 
range)(6)

ASTM D1505-98 0.932-0.937 1/SRC Resin Lot (4)

Core Thickness (min. avg.), mils 
(7)

ASTM D5994 60 Each Roll 

Asperity Height (min. avg.), mils 
(8,9,17)

GRI GM12 12 Every 2nd Roll 

Density (min. avg.), g/cm3 ASTM D1505 0.940 Every 100,000 ft2

Tensile Properties (min. avg.) 
both directions 
 Yield strength, lb./in. 
 Break strength, lb./in. 
 Yield elongation, % 
 Break elongation, %

ASTM D6693  

Note (10) 
Notes (11,12) 

126 
90 
12 
100 

Every 100,000 ft2 

Every 100,000 ft2

Every 100,000 ft2

Every 100,000 ft2

Tear Resistance ASTM D1004 42 lb. Every 45,000 lb.
Puncture Resistance ASTM D4833 90 lb. Every 45,000 lb.
Carbon Black Content (range), % 
(13,14)

ASTM D1603 2.0-3.0 Every 100,000 ft2

Carbon Black Dispersion ASTM D5596 See Note 15 Every 100,000 ft2

Oxidative Induction Time (OIT) 
(min. avg.)  
Standard OIT, minutes ASTM D3895 100

Once per Resin Lot 
(on finished 
product)

Oven Aging at 85 C 
Standard OIT (min. avg.), % 
retained after 90 days, or 
High Pressure OIT (min. avg.), % 
retained after 90 days

ASTM D5721 
ASTM D3895 

ASTM D5885 

55 

80 

Per Formulation(5)

UV Resistance (16)

High Pressure OIT (min. avg.), % 
retained after 1,600 hrs.

GRI GM11 
 ASTM D5885 50 

Per Formulation(5)

NOTES 
1. The NCTL test is not appropriate for testing geomembranes with textured or irregular rough surfaces, 

therefore, in the case of textured geomembrane, the NCTL testing shall be conducted on representative 
smooth material produced from the same resin lots and formulations as the textured geomembrane supplied to 
this project. 

2. Specimens for NCTL testing must contain carbon black.  If samples used for testing are not taken from the 
finished product, they must be produced by a representative method, such as a lab-line or other acceptable 
method.  Deviations from ASTM D5397 shall be noted by the geomembrane MANUFACTURER and 
approved by the ENGINEER. 

3. Five (5) NCTL specimens must be tested for each resin lot utilized in the production of the material delivered 
for this project.  The average result of the five (5) specimens must equal the specified minimum (400 hrs).  
The lowest individual result must be equal to or greater than 350 hrs. 
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4. A SRC Resin lot is defined as the quantity of resin delivered to the manufacturer in a standard railcar. 

5. A Resin Formulation is defined as the mixture of a unique combination of ingredients identified by type, 
properties and quantity. For HDPE polyethylene geomembranes, a formulation is defined as the exact 
percentages and types of resin(s), additives and carbon black. 

6. The engineer may modify a density outside this range upon review and approval of the NCTL testing results. 

7. The result obtained from D5994 will be an average of readings from 10 specimens per roll.  The lowest 
allowable individual value for any of the 10 specimens shall be 58 mil. 

8. Of 10 readings, 8 out of 10 must be 12 mils, and the lowest individual reading must be 10 mils. 

9. Both sides of the double-sided textured sheet shall be measured on each roll. 

10. Yield elongation is calculated using a gauge length of 1.3 inches. 

11. Break elongation is calculated using a gauge length of 2.0 inches. 

12. Break elongation shall be determined based on the average of 5 specimens in the machine direction and the 
average of 5 specimens in the cross direction (reported separately).   

13. Other methods, such as D4218 (muffle furnace) or microwave methods are acceptable if an appropriate 
correlation to D1603 (tube furnace) can be established. 

14. Carbon black content is only measured on the black backing of the white-surfaced geomembrane.  Prior to 
measuring the carbon black content, the white surface shall be scrapped or ground off to avoid 
misrepresentative results in the final result. 

15. Carbon black dispersion for 10 different views: 

 At least nine in Categories 1 or 2, one (max.) in Category 3 

16. The condition of the test shall be 20-hr. UV cycle at 75 C followed by 4-hr. condensation at 60 C.    

17. The minimum average value of asperity height does not represent an expected value of interface shear 
strength.  Shear strength of geomembranes is site- and product-specific and will be determined by direct shear 
testing results.  Deviations from the minimum required asperity height may be approved based upon 
successful demonstration that the geomembrane can meet the required interface shear strength.  However, this 
may require the manufacturer perform additional interface shear testing in accordance with site- and project-
specific testing requirements.    
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SECTION 02598 

LLDPE GEOMEMBRANE 

PART 1 GENERAL 

1.1 SECTION INCLUDES 

A. The GEOSYNTHETICS CONTRACTOR shall furnish all labor, materials, equipment, tools 
and appurtenances required to complete the installation of linear low density polyethylene 
(LLDPE) geomembrane for landfill final cover systems, complete with appurtenances, as 
shown, specified or required by the Drawings. 

B. The GEOMEMBRANE MANUFACTURER (MANUFACTURER) shall furnish the 
geomembrane materials and provide necessary Manufacturer's Quality Assurance/Quality 
Control (MQA/MQC) data.   

C. HDPE geomembrane material will be supplied by the OWNER, and CONTRACTOR shall 
provide all unloading, handling, and storage of material delivered to the Site for the Project. 

1.2 RELATED SECTIONS 

A. Section 02276 – Soil Liner 

B. Section 02278 – Geosynthetic Clay Liner  

C. Section 02595 – Geotextile 

D. Section 02599 – Geocomposite Drainage Layer 

1.3 REFERENCES 

A. American Society for Testing and Materials (ASTM): 

1. D1004, Standard Test Method for Initial Tear Resistance of Plastic Film and Sheeting 

2. D1238, Standard Test Method for Flow Rates of Thermoplastics by Extrusion 

Plastometer 

3. D1505, Standard Test Method for Density of Plastics by the Density-Gradient Technique 

4. D1603, Standard Test Method for Carbon Black in Olefin Plastics 

5. D3895, Standard Test Method for Oxidative-Induction Time of Polyolefins by 

Differential Scanning Calorimetry 
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6. D4218, Standard Test Method for Determination of Carbon Black Content in 

Polyethylene Compounds by the Muffle-Furnace Technique 

7. D4354, Standard Practice for Sampling of Geosynthetics for Testing. 

8. D4833, Standard Test Method for Index Puncture Resistance of Geotextiles, 

Geomembranes, and Related Products 

9. D4873, Standard Guide for Identification, Storage, and Handling of Geosynthetic Rolls 

and Samples 

10. D5199, Standard Test Method for Measuring the Nominal Thickness of Geosynthetics 

11. D5321, Standard Test Method for Determining the Coefficient of Soil and Geosynthetic 

or Geosynthetic and Geosynthetic Friction by the Direct Shear Method 

12. D5397 Standard Test Method for Evaluation of Stress Crack Resistance of Polyolefin 

Geomembranes Using Notched Constant Tensile Load Test 

13. D5596, Standard Test Method for Microscopic Evaluation of the Dispersion of Carbon 

Black in Polyolefin Geosynthetics 

14. D5641, Standard Practice for Geomembrane Seam Evaluation by Vacuum Chamber 

15. D5721, Standard Practice for Air-Oven Aging of Polyolefin Geomembranes 

16. D5820, Standard Practice for Pressurized Air Channel Evaluation of Dual Seamed 

Geomembranes 

17. D5885, Standard Test Method for Oxidative Induction Time of Polyolefin Geosynthetics 

by High-Pressure Differential Scanning Calorimetry 

18. D5994, Standard Test Method for Measuring Core Thickness of Textured Geomembrane 

19. D6243, Standard Test Method for Determining the Internal and Interface Shear 

Resistance of Geosynthetic Clay Liner by the Direct Shear Method 

20. D6365, Standard Practice for the Nondestructive Testing of Geomembrane Seams Using 

the Spark Test 

21. D6392, Standard Test Method for Determining the Integrity of Nonreinforced 

Geomembrane Seams Produced Using Thermo-Fusion Methods 

22. D6497, Standard Guide for Mechanical Attachment of Geomembrane to Penetrations or 

Structures 

23. D6693, Standard Test Method for Determining Tensile Properties of Nonreinforced 

Polyethylene and Nonreinforced Flexible Polypropylene Geomembranes 

24. D7240 Standard Practice for Leak Location using Geomembranes with an Insulating 

Layer in Intimate Contact with a Conductive Layer via Electrical Capacitance Technique 

(Conductive Geomembrane Spark Test) 

25. D7466, Standard Test Method for Measuring Asperity Height of Textured 

Geomembranes 
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B. Geosynthetic Research Institute (GRI): 

1. GRI GM6 - Pressurized Air Channel Test for Dual Seamed Geomembranes 

2. GRI GM9 - Standard Practice for "Cold Weather Seaming of Geomembranes" 

3. GRI GM11 - Accelerated Weathering of Geomembranes Using a Fluorescent UVA 

Device 

4. GRI GM12 - Asperity Measurement of Textured Geomembranes using a Depth Gauge 

5. GRI GM17 - Test Properties, Testing Frequency and Recommended Warrant for Linear 

Low Density Polyethylene (LLDPE) Geomembranes 

6. GRI GM19 - Seam Strength and Related Properties of Thermally Bonded Polyolefin 

Geomembranes 

C. The most current version of the specified test method shall be followed by the 

MANUFACTURER, GEOSYNTHETICS CONTRACTOR or authorized testing laboratory. 

1.4 DEFINITIONS 

A. Minimum Value – Property value representing the lowest individual allowable value obtained 

when tested according to the specified test method. This applies to individual readings, such 

as thickness; or where only one specimen is tested for the specified parameter. 

B. Minimum Average Value – Property value representing the lowest allowable value for the 

average of results for the specimens tested. 

C. Minimum Average Roll Value (MARV) – Property value calculated as the average test result 

minus two standard deviations. Statistically, this implies a 97.5 percent confidence that any 

specimen tested during quality assurance will exceed the value reported. 

D. Nominal Value – Property value that is representative of a measurable property, determined 

under a set of prescribed test conditions, by which a product may be described. 

E. Typical Roll Value – Property value calculated as the average or mean obtained from test data. 

F. Unit – For the purposes of this project, a “Unit” shall be a single roll of geosynthetic material. 

G. Lot - For the purposes of this project, a “Lot” will be defined as a single run of geosynthetic 

material from the same production equipment/extruder, where the tooling and raw materials of 

production have not changed during manufacturing. 
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1.5 SUBMITTALS 

A. The MANUFACTURER shall submit to the ENGINEER all items included in this Article, 
except to the extent material is supplied by OWNER.  Submittals shall be provided as follows: 

1. With the MANUFACTURER's BID: 

a. A copy of the MANUFACTURER’S Manufacturing Quality 
Assurance/Manufacturing Quality Control (MQA/MQC) Plan for the complete 
geomembrane manufacturing process, if material is not supplied by OWNER. 

b. Available NCTL data regarding the polyethylene resin to be used to manufacture 
the geomembrane and welding rod/pellets, if material not supplied by OWNER. 

2. At least 15 days prior to delivery of geomembrane to the site, unless otherwise noted 
below: 

a. Welding Rod - Manufacturing Quality Assurance (MQA) test data from the 
geomembrane MANUFACTURER demonstrating that the resin utilized in the 
production of the geomembrane and welding rod and/or pellets meets the 
requirements specified in Article 2.2.  The packages containing the welding rod 
and/or pellets must contain a label identifying the resin lot utilized in their 
manufacture. 

b. Geomembrane - Manufacturing Quality Control (MQC) data certificates for the 
geomembrane to be delivered to the site, if material is not supplied by OWNER.  
The reports shall reference the resin lot used in the manufacture of the sheet, and 
shall include the quality control test results obtained during the manufacture of the 
material.  In the event material is delivered to the site prior to the receipt of the 
MQC certificates, the material without certificates will be stored separately from 
the material with certificates.  Material with unacceptable MQC data will be 
segregated from approved material and shall be marked for rejection.  The 
geomembrane will be rejected or if it is found to have defects, rips, holes, flaws, 
deterioration or other damage deemed unacceptable by the ENGINEER. 

c. Resin - Resin MANUFACTURER’s certificate for each resin lot utilized by the 
geomembrane MANUFACTURER in the production of the geomembrane and 
welding rod/pellets to be delivered to the site, if material is not supplied by 
OWNER. 

d. Geomembrane Sample - Samples of the proposed geomembrane shall be sent to the 
OWNER (if material is not supplied by OWNER) for interface shear testing within 
5 days after the OWNER makes such request.  The GEOSYNTHETICS 
CONTRACTOR shall coordinate the quantity and dimensions of the samples with 
the OWNER. 

e. Statement of material warranties. 

B. The GEOSYNTHETICS CONTRACTOR shall submit to the ENGINEER all items included 
in this Article.  Submittals shall be provided as follows: 
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1. With the GEOSYNTHETICS CONTRACTOR’s BID: 

a. A project reference list documenting the experience of the GEOSYNTHETICS 
CONTRACTOR on a minimum of 5 projects consisting of at least 10 million square 
feet of installed textured LLDPE geomembrane. The field crew foreman must have 
a documented minimum qualification of installing at least 50 acres of previous 
landfill or other comparable geosynthetics systems. 

b. A schedule of operations, including means and methods of installation. 

c. The width of the geomembrane panels to be used for the project and the proposed 
method of joining adjacent geomembrane panels. 

2. At least 15 days prior to delivery of geomembrane to the site, unless otherwise noted 
below: 

a. Shop drawings, including proposed panel diagram and details of proposed work, 
extrusion welds, pipe boots, and details of sealing around all necessary 
geomembrane penetrations, to be submitted at least 30 days prior to delivery of 
geomembrane to the site.  The panel diagram must depict and/or note the planned 
number and orientation of panels, the minimum panel size, seam orientation and 
overlap direction, placement of seams in corners, treatment of tee seams and the 
GEOSYNTHETICS CONTRACTOR’s preferred sequence of panel placement.  
The LLDPE panels shall be orientated in a manner that minimizes seams.  The 
ENGINEER prior to geomembrane installation must approve the panel diagram.  
The ENGINEER must approve proposed revisions to the panel diagram, in writing, 
prior to altering the installation. 

3. At least 15 days prior to installation: 

a. Resumes of geomembrane crew; including, Supervisor, QC Manager, Master 
Seamers and all Welding Technicians.  The resumes shall include prior experience 
in installing Textured LLDPE geomembrane.  All individuals who will perform 
welding on this project shall be certified by the welding equipment manufacturer 
as having been trained in the use of the equipment; or, in lieu of such certification, 
the GEOSYNTHETICS CONTRACTOR shall provide other suitable evidence that 
demonstrates the proposed welding personnel possess intimate knowledge of 
welding equipment design, set-up, operation and maintenance.  Individual 
geomembrane crew members will be subject to the approval of the ENGINEER 
and OWNER. 

b. A copy of the GEOSYNTHETICS CONTRACTOR’s standard operating 
procedure (SOP) for operating an ATV on site, particularly with respect to specific 
uses of the ATV and the prevention of damage to materials.  ATV usage will be 
limited to geomembrane deployment only.  In no cases shall ATVs be utilized on 
geomembrane for transport of personnel, equipment or supplies.   

c. Field tensiometer calibration certificate showing that the equipment to be used for 
shear/peel testing in the field has been calibrated by a qualified individual within 
the previous 6 months, or in accordance with frequencies recommended by the 
Manufacturer.  Calibration of the field tensiometer must be performed on a 
minimum 6-month frequency throughout the project duration, or in accordance 
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with manufacturer’s recommendations.  In all cases, the maximum acceptable 
calibration frequency shall be 1 year. 

4. During Installation Submitted Daily: 

a. Completed Subgrade Acceptance Form, as endorsed by the ENGINEER, prior to 
geomembrane deployment in any area. 

b. Construction progress reports clearly showing geomembrane placed by date. 

c. Passing and failing test results for trial seams. 

d. Documentation of passing and failing destructive and non-destructive testing of 
installed seams. 

5. Within 5 days after completion: 

a. Summary and log of all field quality control work completed by the 
GEOSYNTHETICS CONTRACTOR. 

b. Certification statement signed by the Supervisor that geomembrane installation is 
complete and in accordance with these Specifications, with details of any changes 
or exceptions noted. 

c. Statement of installation warranties. 

C. The above-noted requirements shall apply to all shop-fabricated materials and those items 
specified for fabrication in the field. 

1.6 PRODUCT DELIVERY, STORAGE, AND HANDLING 

A. The GEOSYNTHETICS CONTRACTOR shall protect the work described in this Section 

before, during, and after installation, and shall protect the installed work specified in other 

Sections, as well as work completed by the OWNER. 

B. Geomembrane labeling, shipment and storage shall follow ASTM D4873 as modified 

according to this Specification. 

C. Product labels shall be placed on the ends of rolls such that they can be seen when rolls are 

stacked, clearly showing the manufacturer or supplier name, style name, roll number, and roll 

dimensions. 

D. Each roll of product shall include any additional information required to allow the ENGINEER 

to relate that roll with the manufacturing quality control and raw material quality assurance 

documentation. Additionally, if any special handling is required, it shall be so marked on the 

outside surface of the wrapping, i.e., “Do not stack more than five rolls high,” etc. 
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E. During storage, the geomembrane shall be placed on a stable, relatively flat, dry, well-drained 

surface. The geomembrane shall not be placed on skids or other objects that may cause 

deformation of the geomembrane rolls. Adequate space shall be left between stacked rolls, 

such that roll labels can be examined. The geomembrane shall be protected from the following: 

1. Site construction damage. 

2. Chemicals that are strong acids or bases. 

3. Flames, sparks, geomembrane temperatures in excess of 150° F. 

4. Any environmental condition that might damage the geomembrane. 

F. Roll numbers on partially used rolls must be maintained such that each roll number can be 

readily identified prior to deployment of the remaining portions of the roll. In the event roll 

numbers for partial rolls cannot be identified, such rolls will be marked for rejection. 

G. If the ENGINEER determines the geomembrane, upon arrival to the Site, is damaged, the 

MANUFACTURER shall make all repairs and replacements in a timely manner so as to 

prevent delays in the progress of the work.  

H. If the ENGINEER determines the geomembrane is damaged during installation, the 

GEOSYNTHETICS CONTRACTOR shall make all repairs and replacements in a timely 

manner, so as to prevent delays in the progress of the work.  As determined by the ENGINEER, 

any material damaged by the GEOSYNTHETICS CONTRACTOR, or damaged by others due 

to improper storage, shall be replaced by the GEOSYNTHETICS CONTRACTOR at no cost 

to the OWNER. 

I. For storage longer than 9 months, rolls must be stored off the ground under an additional cover 

or tarp beyond the manufacturer’s wrapping or be placed within an enclosure.  

PART 2 MATERIALS 

2.1 GENERAL 

A. The geomembrane shall be manufactured from first quality; virgin high-density polyethylene 

(LLDPE) resin blended with carbon black, and shall be textured on both surfaces. The resin 

and finished product requirements are described in this Part, including the minimum 

Manufacturing Quality Assurance (MQA) and Manufacturing Quality Control (MQC) 

sampling and testing requirements. 
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B. The geomembrane may have a white surface to minimize geomembrane surface temperatures 

and reduce overall wrinkling in the panels during construction. Any non-black geomembrane 

must be suitable for exposure during the installation process without degradation to the 

physical and mechanical properties required by this Specification. The geomembrane used for 

the exposed geomembrane cover must have a predicted service life under exposed conditions 

of at least 20 years.  Service life is defined as mechanical properties (such as tensile strength) 

maintain a minimum of 50% of the original value. 

C. Conformance testing will be at the expense of the OWNER, unless the tests show the material 

does not comply with the Specifications, in which case the GEOSYNTHETICS 

CONTRACTOR shall pay the cost of re-sampling and testing (if material is not supplied by 

the OWNER). 

D. The MANUFACTURER shall be solely responsible for the quality of the material provided. 

Should any of the tests performed on the material yield unsatisfactory results, the 

GEOSYNTHETICS CONTRACTOR will be responsible for replacing the material with 

satisfactory materials without delay to the project or cost to the OWNER (if material is not 

supplied by the OWNER). 

2.2 RESIN 

A. The textured LLDPE geomembrane shall be manufactured from high quality LLDPE resin 

with superior stress crack resistance and ultraviolet light resistance. While more than one resin 

may be suitable, and will be considered, the MANUFACTURER is cautioned that the 

ENGINEER and OWNER consider proper resin selection crucial to the successful completion 

of the project, and proposed resins will be most thoroughly and carefully reviewed. Once a 

resin has been accepted for use, all material for the project shall be manufactured from that 

resin unless approved by the ENGINEER. 

B. The polyethylene resin from which the geomembrane is made shall be in the density range of 

0.926 g/ml or lower, and have a melt index value per ASTM D1238 of less than 1.0 g/10 min. 

This refers to the natural, i.e., nonformulated, resin. 

2.3 GEOMEMBRANE 

A. The sheet material shall be formulated from the appropriate polymers and compounding 

ingredients to form LLDPE geomembrane that meets all requirements of this specification. 
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B. No reground, reworked, reprocessed or recycled material shall be utilized in the production of 

geomembrane for this project. 

C. The geomembrane MANUFACTURER shall complete Manufacturing Quality Control (MQC) 

testing on the geomembrane in accordance with the requirements summarized in Table 1. 

D. Geomembrane Conformance Testing - The ENGINEER shall take samples across the entire 

width of the geomembrane roll for conformance testing. Unless otherwise specified, samples 

shall be three feet long by the roll width and shall not include the outer wrap. The ENGINEER 

or authorized representative shall mark the machine direction on the samples with an arrow. 

1. Unless otherwise specified, conformance samples shall be taken at a rate of one per 

100,000 square feet, with a minimum of one sample per manufacturing lot.  An 

appropriate number of samples, as determined by the ENGINEER in accordance with 

ASTM D4354 will be submitted for conformance testing.  The ENGINEER will ship 

these samples directly to the CQA laboratory. 

2. Conformance testing shall be conducted by a qualified laboratory with GAI-LAP 

accreditation  

3. Geomembrane conformance samples selected by the ENGINEER may be tested for any 

properties specified in Article 2.3C, but shall, as a minimum, be tested for the following: 

GEOMEMBRANE  CONFORMANCE 

MINIMUM TESTING REQUIREMENTS  

PROPERTY TEST METHOD MINIMUM VALUE

Core Thickness (min. avg.), mils 

  Lowest individual 8 of 10 

  Lowest individual for any 10 

ASTM D5994 60 nominal (-5%) 

-10% 

-15% 

Asperity Height (min. avg.), mils GRI GM12 12 

Density (min. avg.), g/cm3 ASTM D1505/ 
D792 

0.940 

Tensile Properties (min. avg.) both 
directions 

 Yield strength, lb./in. 
 Break strength, lb./in.

ASTM D6693  
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 Yield elongation, % 
 Break elongation, % 

126 

90 

12 

100 

Carbon Black Content (range), %  ASTM D1603 2.0-3.0 

See Note 13, Table 1 

Carbon Black Dispersion ASTM D5596 See Note 15, Table 1 

4. Non-conforming material will not be used in the work. In the event non-conforming 

results are obtained from the laboratory, the nearest numbered rolls on each side of the 

non-conforming roll shall be sampled and tested for the full suite of conformance tests, 

until the extent of non-conformance is established, at no cost to the OWNER. The owner 

reserves the right to reject the lot of rolls at any stage of extended sampling and testing. 

E. Interface Shear Testing – Interface shear strength testing of the geomembrane and related 

materials will be the responsibility of the OWNER using materials provided by the 

GEOSYNTHETICS CONTRACTOR. Materials used in interface shear testing shall be the 

same materials (e.g., same resin formulation, material properties, etc.) as those proposed for 

use. The results must comply with the criteria determined by the OWNER, as specified in the 

Construction Drawings. All testing must meet the minimum requirements, and the ENGINEER 

prior to installation of the materials must complete the analysis of those results. Testing for 

geosynthetic to geosynthetic or geosynthetic to soil interface shall be conducted according to 

the current version of ASTM D5321. The ENGINEER shall assign testing requirements. 

2.4 WELDING ROD AND/OR WELDING PELLETS 

A. The welding rod and/or pellets used for extrusion welding shall be produced from the same 

resin type as that used to manufacture the geomembrane supplied for this Project. 

B. The following table represents the minimum required Manufacturing Quality Control (MQC) 

testing that must be conducted by the MANUFACTURER on the welding rod and/or pellets: 
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ROD/PELLETS MQC 

MINIMUM TESTING AND FREQUENCY 

PROPERTY TEST METHOD REQUIRED VALUES

Density, g/cm3 ASTM D1505 0.939 (maximum) 

Carbon Black 

Content, % 

ASTM D1603 or 

D4218 
2.0 - 3.0 

C. Sampling/Testing Frequency: A minimum of one sample for every six hours of continuous 

production, or frequencies as approved by the ENGINEER will be taken for testing. If 

production is interrupted while manufacturing the material for this project, then, in addition to 

the frequency indicated, a sample from the first material produced upon re-starting must be 

obtained for testing. 

D. The ENGINEER may perform conformance sampling and testing of the welding rod and/or 

pellets. 

2.5 GEOMEMBRANE PENETRATION BOOTS

A. The GEOSYNTHETICS CONTRACTOR shall furnish all geomembrane penetration boots 

and other materials required for completion of the geomembrane installation. Geomembrane 

boots may be field fitted or may consist of factory pre-fabricated boots. Prior to installation, 

the proposed methodologies used for boot fabrication proposed by the GEOSYNTHETICS 

CONTRACTOR must be approved by the ENGINEER. 

B. When pre-fabricated boots are utilized, the geomembrane MANUFACTURER shall provide a 

statement of hydraulic or pneumatic testing demonstrating that the shop-fabricated unit does 

not leak. A description of the method used for testing in the shop shall be submitted to the 

ENGINEER for approval prior to shipping the shop-fabricated boots to the site. 

C. Geomembrane penetrations are to be constructed only at the locations shown on the Drawings.  

The GEOSYNTHETICS CONTRACTOR is cautioned that no deviation in the quantity or 

configuration of geomembrane penetrations will be accepted without the advance written 

approval of the ENGINEER. 
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D. The GEOSYNTHETICS CONTRACTOR shall construct penetrations in accordance with the 

procedures described in ASTM D6497-00, Standard Guide for Mechanical Attachment of 

Geomembrane to Penetrations or Structures, or as described by this Specification. 

E. All penetrations through the geomembrane shall be thoroughly and securely sealed. The seal 

between the geomembrane and the pipe shall be without any detectable leakage. 

F. In attaching the geomembrane penetration boot in the field, no field seams will be allowed in 

locations or configurations that do not allow for Construction Quality Control testing. Visual 

observation is not considered a sole acceptable method for in-field quality control. 

G. Where clamps, fasteners, gasket seals or sealants are used, the GEOSYNTHETICS 

CONTRACTOR shall use only materials that are compatible with the geomembrane. 

PART 3 EXECUTION 

3.1 SITE PREPARATION 

A. All required grading, grooming, and Construction Quality Assurance (CQA) testing on any 

soil or geosynthetic material to be covered by the geomembrane should be complete and 

accepted by the ENGINEER prior to geomembrane placement. 

B. The surface to be covered by the geomembrane shall be cleared of sharp objects, angular 

stones, rocks or stones greater than 3 inches (measured in any direction) sticks, or any materials 

that may contribute to punctures, shearing, rupturing or tearing of the geosynthetic materials. 

The geomembrane subgrade shall have a smooth, finished surface, free from pockets, holes, 

ruts, and discontinuities that, in the judgment of the ENGINEER, will cause bridging of the 

material. The subgrade shall be inspected for unsuitable areas or soft spots before the 

geomembrane is placed, and additional surface preparation will be required to eliminate any 

unsuitable areas as determined by the ENGINEER. 

C. The CONTRACTOR and ENGINEER shall carefully and completely inspect the subgrade 

surface immediately prior to the deployment of each geomembrane panel. No geomembrane 

shall be placed on unsuitable subgrade surface, or without the ENGINEER’s written approval. 

The ENGINEER and the CONTRACTOR’s Quality Control (QC) inspector shall furnish their 

signatures on a Subgrade Acceptance Log prior to the installation of each panel or series of 

panels placed on a daily basis. 
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D. Under no condition shall the geomembrane be placed over standing water on the subgrade. 

3.2 SEAMING METHODS 

A. The geomembrane panels shall be joined utilizing approved seaming methods. Dual-track 

fusion welding shall be the required method on all seams where it is feasible. Extrusion welds 

shall be made only where approved by the ENGINEER.  

B. All geomembrane surfaces that are to become a seam interface are to be free of dust, dirt, 

excess moisture or any other condition that may affect the quality of the seam. 

C. Seaming will not be allowed during rain or snowfall, unless proper precautions are made to 

allow the seam to be made on dry subgrade and geomembrane materials. 

D. The seams shall be produced using one of the following methods: 

1. Dual-Track Fusion (Wedge) Weld – A seam produced by melting the two intimate 

surfaces by running a hot metal wedge between the surfaces, followed immediately by 

pressure to form a homogeneous bond. This seam has a center air channel for non-

destructive testing of the seam. Panels to be seamed shall be overlapped sufficiently to 

allow proper destructive testing of seams. The CONTRACTOR shall mark the liner 

where the Dual-Track Fusion Welding machine settings are adjusted (including speed, 

temperature, and pressure). Measurable setting values shall be indicated on the liner. 

2. Extrusion Weld – A seam produced by extruding molten LLDPE at the edge of two 

overlapped panels. A bonded seam is completed when molten LLDPE melts portions of 

the overlapping sheets to form a homogeneous weld. The center of the extrudate bead 

shall be located directly over the edge of the upper geomembrane. Panels to be seamed 

shall be overlapped a minimum of four inches. An electric rotary grinder and #50 grit 

paper, or finer, shall be used to remove the surface sheen in the area to be seamed. Use 

of coarser grit sandpaper must be approved by the ENGINEER.  Grinding shall be 

completed no more than 30 minutes prior to seaming unless documentation from the 

manufacturer can be provided that states a longer period between welding and grinding 

are acceptable.  Any grinding marks shall be less than 5% of the sheet thickness.  Grinding 

marks shall not appear beyond 0.25” of the extrudate after it is applied.  Beveling, if 

performed, shall be completed prior to tack welding to control damage to the lower sheet.  

If beveling is not performed, the GEOSYNTHETICS CONTRACTOR shall demonstrate 
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to the ENGINEER that successful field extrusion welds can be performed without the use 

of beveling. 

E. The GEOSYNTHETICS CONTRACTOR shall properly maintain and set up the welding 

equipment prior to seaming operations on a regular as-needed basis, in the manner specified 

by the MANUFACTURER. For wedge welding equipment this is expected to include as a 

minimum; checking the condition and adjusting the position of the nip rollers, hot wedge and 

contour rollers. As well, the GEOSYNTHETICS CONTRACTOR shall properly examine and 

check the cartridge heaters, thermocouples, drive chains and electronics for proper operation. 

The CONTRACTOR must inform the CQA Observer of any adjustments/repairs made to the 

welding equipment.  Proper adjustments made to the welding equipment must be confirmed 

through performance of trial welds. 

F. Following limited equipment shutdown that did not require performance of a trial weld 

(Section 4.2), the GEOSYNTHETICS CONTRACTOR and CQA observer shall visually 

inspect and document the extruder/wedge settings are acceptable prior to re-start of any 

production welds 

3.3 INSTALLATION 

A. Based on the approved geomembrane panel diagram and material certifications, the individual 

panels will be numbered and seams will be identified by using the panel numbers that create 

the seam. The LLDPE panels shall be installed in a manner that minimizes seams. Seams shall 

be placed where normally applied stresses will be minimal. Longitudinal seams shall be 

oriented as close as practical to parallel to the line of maximum slope but in no case shall be 

greater than ten degrees from parallel..  Cross seams (i.e. those seams which join the ends of 

contiguous panels) shall not be placed on any slope that exceeds a ten percent grade.  All panels 

placed on slopes greater than 10% shall extend down the full length of the slope, and shall be 

cut no closer than five feet from the top of the slope or ten feet from the toe of slope.  All seam 

overlaps shall be shingled in a down slope direction.  In no case shall parallel seams be placed 

within five feet of the centerline of any leachate collection pipe.  

B. Piecework resulting in the placement and seaming of small panels not identified by the panel 

diagram shall not be permitted.  Any material variation from the approved panel diagram must 

be pre-approved by the ENGINEER prior to altering the installation.   
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C. The geomembrane in both the primary and secondary composite liner systems must be installed 

in direct and uniform contact with the underlying low permeability soil layer or GCL in a 

manner that eliminated waves and creases. 

D. During installation, and any other period of exposure of geomembrane, pedestrian and 

equipment activity over the geomembrane shall be kept to a minimum, and restricted to only 

that which is necessary for geomembrane construction. 

E. Smoking is not permitted on the geomembrane. 

F. Construction workers shall take precautions not to damage the geomembrane surface. 

Construction workers shall exercise care not to drag tools across the geomembrane surface. 

All large tools are to have smooth base plates, or shoes with skid sheets. Construction and 

landfill staff shall be informed of the restricted access to areas of geomembrane placement by 

use of barriers and signs posted as necessary. Only hook blade knives shall be used to cut 

geomembrane. 

G. The GEOSYNTHETICS CONTRACTOR shall perform all activities of geomembrane 

construction in such a way as to avoid damage to the geomembrane. Any damage caused to 

the geomembrane by the GEOSYNTHETICS CONTRACTOR shall be repaired or the 

material replaced at the expense of the GEOSYNTHETICS CONTRACTOR. 

H. No tracked or wheeled vehicles, other than low ground pressure ATVs as pre-approved by the 

ENGINEER, shall be permitted on the geomembrane prior to placement of adequate soil cover, 

as determined by the ENGINEER. 

I. The GOESYNTHETICS CONTRACTOR shall complete his work in a manner that will 

prevent water or wind from getting under the partially installed geomembrane. This could 

include, but is not limited to, installing sandbags along the leading edges. Should excessive 

moisture become trapped below the geomembrane, or should wind damage occur due to the 

negligence of the GEOSYNTHETICS CONTRACTOR, the GEOSYNTHETICS 

CONTRACTOR, at no extra cost to the OWNER, will be required to perform all work, 

including removing and replacing as much of the in-place geosynthetic material as the 

ENGINEER directs, to assure that the integrity of the geomembrane and the underlying 

subbase or geosynthetic clay liner (GCL) has not been compromised. 

J. Seams shall be welded throughout the entire length of the panels during initial panel seaming. 
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K. Sandbags or other approved ballast shall be used to prevent bridging or material movement in 

areas such as toe of slope or near sumps. Ballast shall not be used to force the geomembrane 

into contact with the subgrade. 

L. Special care shall be taken to prevent tensile stress in the geomembrane and geomembrane 

seams in all corners and grade changes. 

M. The GEOSYNTHETICS CONTRACTOR shall exercise his best judgment and care to provide 

sufficient slack in the geomembrane to allow for thermal contraction without “trampolining”, 

but to also avoid excessive slack such that wrinkling will be minimized during seaming and 

placement of overlying soil or geosynthetic materials 

N. The geomembrane shall not be installed when ambient or sheet temperatures are below 32°F, 

when the sheet temperature exceeds 158°F, or when the air temperature is above 120°F, during 

periods of sustained winds in excess of 20 miles per hour, or during periods of precipitation, 

unless the GEOSYNTHETICS CONTRACTOR demonstrates, to the satisfaction of the 

ENGINEER, that procedures can be implemented which will result in the proper installation 

and seaming of the geomembrane. For seaming activities below 32°F the CONTRACTOR 

shall use procedures set forth in GRI GM 9. Maximum allowable time between trial welds 

shall be adjusted to two hours. No seaming shall be performed when sheet temperatures are 

lower than 22°F. Trial weld samples shall be tested at an air temperature greater than 32°F, 

and destructive sample spacing shall be reduced to 400 ft when seaming below 32°F. 

O. Adjacent geomembrane panels shall be allowed to reach essentially equivalent temperatures 

prior to seaming to avoid development of fishmouths. 

P. If fishmouths are created at the seam overlaps, they shall be cut to achieve a flat overlap. The 

cut shall be made with keyhole ends, and a patch shall be placed over the cut as required by 

Article 3.4. 

Q. Wrinkles shall not exceed a height to width ratio of 0.5, or as deemed acceptable by the 

ENGINEER. The height of the wrinkle shall be measured from the base or subgrade to the 

peak of the wrinkle. The width of the wrinkle shall be measured along the base of the wrinkle. 

R. Geomembrane covering operations shall be performed in a manner that does not damage the 

geomembrane lining system. Geomembrane covering operations shall be performed only in 

the presence of a Construction Observer such that the condition and cleanliness of the 
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geomembrane is observed at the time the material is covered, and any effects of the covering 

operation on the geomembrane lining system can be observed. 

S. In the event wrinkles develop during any covering operation that have folded over, the excess 

material shall be cut out to achieve a flat overlap, or the covering operation shall be delayed 

until such time wrinkling subsides to acceptable levels.  Any geomembrane cut shall be made 

with keyhole ends, and a patch shall be placed over the cut as required by Article 3.4.  Wrinkles 

that do not lay flat and whose height to width ratio does not exceed 0.5 are susceptible to 

damage by soil placement equipment, and shall be carefully monitored by the ENGINEER 

during cover operations. 

T. At the termination of a continuous seam, samples shall be obtained and tested in the field for 

dual track fusion welds. Outside and inside tracks shall be tested and documented and both 

used to determine pass or fail. 

U. Any use of ATVs on the site must be pre-approved by the ENGINEER. The 

GEOSYNTHETICS CONTRACTOR shall submit an S.O.P. describing how ATVs are to be 

used, if at all, in the deployment of geomembrane at the site. As a minimum, the following 

shall apply: 

1. Any damage resulting from the use of ATVs, as determined by the ENGINEER, shall be 

repaired according to Article 3.3, at no additional cost to the OWNER. If repeated repairs 

are required as the result of the use of ATVs operating on geosynthetic material, further 

use of ATVs will be prohibited. 

2. Any and all ATV’s proposed to be used in the deployment of geosynthetics will be 

inspected by the ENGINEER.  ATV’s which are found to be leaking oil or fuel, or which 

in any other way exhibit the potential to damage the lining system components, will not 

be permitted. 

3. Any oil or fuel which leaks onto geosynthetic materials shall be thoroughly removed 

(cleaned) by the GEOSYNTHETICS CONTRACTOR, or the geosynthetic material shall 

be replaced at the discretion of the ENGINEER, at no additional cost to the OWNER. 

4. Re-fueling of ATVs on geosynthetic materials is prohibited. 

5. ATVs shall have tires with low ground pressure, typically less than 5 psi, and shall have 

shallow treads. 

6. ATVs shall be operated by a single operator at speeds less than 5 mph. 

7. Quick starts, stops, spinning wheels and sharp turns will not be permitted above any 

geosynthetic material. 
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8. ATVs shall not be operated when fold-over or creasing of wrinkles would be expected to 

occur.  Special precautions (slower speeds, use of observers) shall be made at changes in 

slope (e.g., toe-of-slope).  Any foldovers or creases in geomembrane that develop as a 

result of ATV operation shall be repaired by the Geosynthetics Contractor at no additional 

cost to the Owner.  If damage along the toe of slope is observed, removal of the entire 

geomembrane panel may be required. 

9. ATVs shall only be operated on geomembrane or other geosynthetics for deployment 

purposes only.  Specifically, ATVs shall not be operated on geomembrane for movement 

of personnel, equipment (welders, generators).  The OWNER reserves the right to ban all 

use of ATVs on geosynthetics if strict adherence to these requirements are not followed 

3.4 REPAIRS

A. All geomembrane panels and seams shall be examined by the ENGINEER for defects, holes, 

blisters, undispersed raw materials, and any sign of contamination by foreign matter. The 

geomembrane surface shall be clean at the time of examination. Each suspect location shall be 

repaired and all repairs shall be non-destructively tested. 

B. Damaged geomembrane shall be removed and replaced with acceptable geomembrane if 

damage cannot be repaired to the satisfaction of the ENGINEER. 

C. Any portion of the geomembrane, or any portion of a seam exhibiting a flaw or failing a 

destructive or non-destructive test, or an area where a wrinkle had been cut out shall be 

repaired, as follows: 

1. Geomembrane patches shall be used for holes over 1/8 of an inch in diameter, tears, and 

contamination by foreign matter. Patches shall be constructed of the same geomembrane, 

and will be joined to the panel using extrusion welding, or fusion welding where possible. 

2. Geomembrane patches or caps shall extend at least six inches beyond the edge of the 

defect or failed seam area, and all corners of material to be patched. The corners of the 

patch shall be rounded to a radius of at least 3 inches. 

3. Spot extrusion welding shall be used to repair pinholes, or other minor localized flaws, 

only as approved by the ENGINEER. 

4. Geomembrane caps shall be used to repair failed seams that are left in-place. Seams that 

fail destructive or non-destructive testing may also be removed and replaced if 

determined necessary by the ENGINEER. 

5. Repairs greater than 50 feet in length will require fusion welding. 
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PART 4 FIELD QUALITY ASSURANCE/QUALITY CONTROL PROGRAM 

4.1 GENERAL 

A. Before installation begins, and weekly thereafter (more often if determined necessary by the 

ENGINEER) project coordination meetings shall be held with the designated representative of 

the EARTHWORKS CONTRACTOR, GEOSYNTHETICS CONTRACTOR, ENGINEER 

and OWNER in attendance to review the following information: 

1. Progress of the work. 

2. Adherence to the Specifications. 

3. Adherence to the Construction Quality Assurance Program described in this Section, 

including the timely submission of the pertinent forms. 

4. Planned work and methods for the ensuing week, including estimate of time remaining 

to completion of the work. 

5. Problem resolutions to be implemented during the upcoming week. 

B. All of the Forms specified and required must be submitted to the ENGINEER in a timely 

fashion. 

C. The OWNER and ENGINEER must approve any changes in the proposed method of work, 

subcontractors to be utilized, geomembrane resin, or manufacturing in advance. 

D. The GEOSYNTHETICS CONTRACTOR assumes all responsibility relevant to providing an 

acceptable product. 

4.2 INSTALLATION QA/QC

A. The ENGINEER and GEOSYNTHETICS CONTRACTOR shall visually inspect all material 

to be included in the work, and compare roll identification numbers with those on the 

certifications provided by the MANUFACTURER to assure delivery of the appropriate 

material. 

B. Damage to geomembrane during installation shall be repaired according to Article 3.4. If the 

ENGINEER determines that any damage cannot adequately be repaired, the damaged material 

will be replaced. 

C. The GEOSYNTHETICS CONTRACTOR will be required to conduct both destructive and 

non-destructive testing on seams during the geomembrane installation, as part of the 

Construction Quality Control program. All trial and installed seam samples shall be tested 

according to ASTM D6392-99, as modified by this Specification. 
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D. Trial Seams 

1. Except as noted in Section 3.3M, trial seams shall be produced each day, at the start of 

each workday, after every four hours of continuous operation, after equipment 

maintenance, repair, or replacement, and if the geomembrane temperature changes by 

more than 45°F. Trial seams shall be required each day for each piece of seaming 

equipment and each welding crew combination (including welding technician, seam 

cleaners and/or grinders). The trial seams will be performed on strips of geomembrane 

from approved rolls, and shall be produced at the work location such that the conditions 

mimic those under which production seams will be made. 

2. A trial seam shall be a minimum of 10 feet in length for self-propelled seaming devices, 

and a minimum of three feet for hand-held seaming devices. The material for the trial 

seam and the test fixture for making the field tests shall be provided by the 

GEOSYNTHETICS CONTRACTOR at no additional cost. One-inch wide cutouts of the 

trial seams will be subject to shear and peel testing at the site. A minimum of three cutouts 

will be tested for peel. All peel tests shall be performed on both the inner and outer track 

of dual track fusion welds. 

3. All trial seam specimens must be acceptable or the trial seam will be repeated until all 

results from a given trial seam are found acceptable. If any trial seam fails at any time 

during the workday, the reason for the failure shall be resolved before any production 

seaming of the geomembrane by the subject equipment and crew. All trial seam welding 

and testing must be observed by the ENGINEER. 

4. A trial seam specimen will be considered a failure if: 

a. In the shear test: 

i. the bonded thickness of the seam fails before the adjacent sheet material; or, 

ii. the yield strength of the specimen is less than 95 percent of the yield strength of 

the parent HDPE material for fusion or extrusion welds 

The ENGINEER, based on the test data described in Article 2.3, will determine the 

“yield strength of the parent LLDPE material.” 

b. In the peel test: 

i. the two sheets comprising the seam separate for greater than 25% of the bonded 

seam length. The peel separation value shall be calculated as the proportion of 

measured linear length of separated bond in the direction of the test, to the 

measured length of the original bond.  For fusion welds, the squeeze-out, and 

any lightly bonded zones in the transition zone, will not be included in the 

original bonded seam length. 
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ii. For fusion welds the yield strength of the seam is less than 72% of the yield 

strength for the parent LLDPE material. 

iii. For extrusion welds the yield strength of the seam is less than 65% of the yield 

strength for the parent LLDPE material. 

c. Upon visual inspection, the weld shows: 

i. Excessive deformation or stepping of the bottom sheet when viewed in cross-

section. 

ii. Discoloration of the sheet such as that occurring from brittle failure. 

iii. Inadequate or excessively narrow or flat weld bead (for extrusion seams). 

iv. Water blisters in weld bead (for extrusion seams). 

v. Misaligned weld bead; i.e., weld not reasonably centered with respect to overlap 

(for extrusion seams). 

vi. Thinning of the sheet adjacent to the weld. 

vii. Overgrinding marks outside of the extrudate bead (for extrusion seams). 

5. The field tensiometer shall be strong enough to permit the operator to determine that the 

seam is at least as strong as either sheet, and shall permit accurate measurement of 

specimen elongation. The tensiometer shall have been calibrated within an acceptable 

period of time in accordance with manufacturer's recommendations, or 1 year, whichever 

is less.  The field tensiometer shall remain within the certified calibration throughout the 

duration of its use on the Project.  In all cases, the maximum acceptable calibration 

frequency shall be 1 year. 

6. Should the ENGINEER, at any time during the installation, believe the production 

seaming process might not be performing adequately, he may, to avoid destructive 

sampling of the installed geomembrane, request additional trial seams. The 

GEOSYNTHETICS CONTRACTOR at no additional cost shall do this. 

E. Non-Destructive Testing - The GEOSYNTHETICS CONTRACTOR shall complete non-

destructive testing of all seams along their entire length, in the manner approved prior to 

installation, in the presence of the ENGINEER. The recommended test methods are as follows: 

1. Pressurized Air Channel 

a. All field seams made by a dual-track fusion wedge welding device will be tested by 

applying air pressure within the air channel to a sealed length of seam, and 



__________________________________________________________________________________________________________________ 
Seneca Meadows 02598 LLDPE Geomembrane 
Printed Date 12/9/2019 Page 22 of 28

monitoring the pressure over time. The testing shall be conducted in accordance 

with GRI GM6. 

b. For the 40-mil LLDPE geomembrane, the initial inflation pressure shall be a 

minimum of 27.0 psi and a maximum of 30.0 psi. The maximum allowable pressure 

drop over a 5-minute period shall be 3.0 psi. 

c. A pressure gauge shall be inserted into the far end of the air channel to check for 

continuity in the air channel. Alternately, the far end of the seam may be cut to 

relieve the air pressure. An audible rush of air shall serve as an indicator that the test 

represents the entire length of seam. 

d. Air channels that do not hold the minimum specified air pressure shall be further 

inspected to identify the location and nature of any defects or unbonded sections of 

seam. The seam will then be repaired and retested. The ENGINEER may, at his 

discretion, require the entire questionable seam area to be capped or replaced. 

2. Vacuum Box Testing 

a. Extrusion seams shall be inspected for unbonded areas or defects by applying a 

vacuum to a soaped section of seam. The vacuum shall be applied by a vacuum box 

equipped with a vacuum gauge, a clear glass view panel in the top, and a soft rubber 

gasket on the periphery of the open bottom. The testing shall be completed in 

accordance with ASTM D5641. 

b. A section of the seam shall be soaped thoroughly and the inspection box shall be 

placed over the soaped seam section and the gasket sealed to the geomembrane. A 

vacuum of between four and eight inches of Mercury (Hg) shall be applied to the 

box for a minimum of 10 seconds by use of a gasoline or electric driven power-

vacuum pump apparatus. Adjacent placements of the vacuum box shall overlap the 

seam a minimum of two inches as viewed through the vacuum box-viewing window. 

c. The ENGINEER shall witness the testing, and the seam shall be clearly visible to 

the ENGINEER and GEOSYNTHETICS CONTRACTOR during the test. 

Unbonded areas or defects shall be marked by the ENGINEER for repair by the 

GEOSYNTHETICS CONTRACTOR. 

3. Spark Testing 

a. The procedure for performing spark testing on an extrusion weld involves placing a 

thin copper wire at the interface of the two sheets to be joined after surface grinding 

has been performed. One technician will lay the wire along the sheet interface while 

the extrusion technician welds the seam. The technician placing the wire is 

responsible for keeping the wire in the center of the weld area; therefore, he must 

not get too far ahead of the welding technician. A couple of inches of wire are to be 

left exposed at each end of the weld. 
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b. The apparatus to be used to perform the spark testing consists of a battery pack with 

an alarm, a grounding lead and a wand with a brass bristled brush. The actual 

apparatus to be used is subject to approval by the Project Engineer. 

c. The grounding lead (negative polarity) is attached to one end of the wire while the 

wand (positive polarity) with 12,000 to 20,000 volts applied is brushed across the 

weld. Adjacent sweeps of the brush will be overlapped a minimum of six inches. 

Pinholes or defects in the weld will allow the circuit to be complete causing a spark 

to jump between the wire and the brush and setting off the audible alarm. The 

locations of defects will be marked by the geosynthetic construction observer for 

repair. 

d. Upon completion of spark testing along a seam, the brush will be passed over the 

exposed portion of the copper wire at the opposite end of where the ground lead was 

attached to ensure that the wire is continuous through the weld. 

All inadequate seams or portions thereof that fail the non-destructive testing shall be repaired 

in accordance with this Specification and the method approved by the ENGINEER. Should 

differences of opinion between the GEOSYNTHETICS CONTRACTOR and the ENGINEER 

develop during the installation relevant to seam integrity, the ENGINEER may, at his 

discretion, obtain samples of the seams in dispute for field and/or laboratory testing. The 

GEOSYNTHETICS CONTRACTOR will be responsible for patching the resulting void in 

accordance with the previously approved procedures at no additional cost to the OWNER. 

F. Destructive Sample Collection - Samples of the in-place seams shall be cut from the installed 

geomembrane at a minimum average frequency of one sample per 1000 linear feet of seam, 

excluding repair seam length.  Samples will be collected at the end of a seam/panel length 

whenever practicable.  When selecting sample locations, the sample locations may be moved 

up to 200 feet in either direction (from the 1000 foot interval) to allow for sample collection at 

the end of panel.  An overall average sampling frequency of one sample per 100 linear feet 

shall be maintained. 

G. A minimum of one seam sample shall be obtained for each seaming machine/operator 

combination for each day, or as directed by the ENGINEER. The cutout sections shall be 10 

inches wide by 30 inches long with the seam centered lengthwise. The sample dimensions can 

be increased if the CONTRACTOR elects to have a cutout section for their use. The sample 

size can be adjusted in the field if approved by the ENGINEER. However, every effort shall 

be used to minimize the overall destruct sample size (and associated seam repair length). A 

one-inch wide specimen shall be cut from each end of the sample, and these two specimens 
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shall be peel tested in the field in accordance with Section 4.2H. The remaining sample shall 

be cut into two parts and distributed as follows: 

1. One 10-inch by 14-inch sample to the ENGINEER for independent laboratory testing; 

and, 

2. One 10-inch by 14-inch sample to the OWNER for archive storage. 

H. Destructive Testing Requirements - The 10-inch by 14-inch laboratory sample will provide 5 

specimens for shear testing and 5 specimens for peel testing. Specimens that will be subject to 

peel and shear testing shall be selected alternately from the sample. All peel tests shall be 

performed on the outer track of dual track fusion welds. The laboratory shall report the locus 

of break code for each specimen according to the definitions included in Figure 3 and Figure 

4 of ASTM D6392, included at the end of this Section. The laboratory sample will be 

considered acceptable only if all 10 specimens meet the minimum requirements. The specimen 

will be considered a failure if: 

1. In the shear test, the bonded thickness of the seam fails before the adjacent sheet material; 

or, the yield strength of the specimen is less than 95 percent of the yield strength of the 

parent HDPE material for fusion and extrusion welds; or, the shear percent elongation at 

break is less than 50%.  The ENGINEER, based on the test data described in Article 2.3, 

will determine the “yield strength of the parent HDPE material.”  Shear percent 

elongation shall be calculated in accordance with ASTM D6392, paragraph 8.3. 

2. In the peel test, the two sheets comprising the seam separate for greater than 25% of the 

bonded seam length.  The peel separation value shall be calculated as the proportion of 

measured linear length of separated bond in the direction of the test, to the measured 

length of the original bond.  For fusion welds, the squeeze-out, and any lightly bonded 

zones in the transition zone, will not be included in the original bonded seam length  

3. In the peel test: 

a. For fusion welds the yield strength of the seam is less than 72% of the yield strength 

of the parent LLDPE material, or 

b. For extrusion welds the yield strength is less than 65% of the yield strength of the 

parent LLDPE material. 

4. In the shear or peel test, locus of break codes AD, AD1, AD2 or AD-WLD are reported 

by the ENGINEER. 

5. Upon visual inspection, the weld shows: 

a. Excessive deformation or stepping of the bottom sheet when viewed in cross-

section. 
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b. Discoloration of the sheet such as that occurring from brittle failure. 

c. Inadequate or excessively narrow or flat weld bead (for extrusion seams). 

d. Water blisters in weld bead (for extrusion seams). 

e. Misaligned weld bead; i.e., weld not reasonably centered with respect to overlap 

(for extrusion seams). 

f. Thinning of the sheet adjacent to the weld. 

g. Over grinding marks outside of the extrudate bead (for extrusion seams). 

I. If a sample fails destructive testing: 

1. The seam must be reconstructed in each direction between the location of the sample that 

failed and the location of the next acceptable sample; or 

2. the welding path must be retraced to intermediate locations at least 10 feet in each 

direction from the location of the sample that failed the test, and a second sample shall be 

taken for an additional field test. If the tracking samples pass, the seam must be 

reconstructed between the location of the two tracking samples and the original sampled 

location. If the tracking sample fails, this process must be repeated. The seam between 2 

passing test locations shall be capped or replaced; the cap seams shall be nondestructively 

tested. 

J. The ENGINEER and GEOSYNTHETIC CONTRACTOR shall visually inspect all 

geomembrane seams. Extrusion welds shall be centered above the overlap, be free from 

blisters, and not include grinding marks that show more than 0.25” outside of the extrusion 

bead. If such grinding marks are found, the seam shall be repaired to the ENGINEER’s 

satisfaction. 

K. All welds shall be observed for traces of deformation to the geomembrane panels. Any seams, 

which in the opinion of the ENGINEER, have caused excessive deformation of the sheet, show 

signs of discoloration, exhibit thinning or stepping of the sheet, or show visual signs of 

overheating of the geomembrane panels, shall be repaired at no additional cost to the OWNER 

regardless of the result of any destructive testing on the seam. The deficient seam or portion 

thereof shall be cut out, the geomembrane panels again overlapped and seamed, or the 

questionable seam length shall be capped, as approved by the ENGINEER. 

L. The GEOSYNTHETIC CONTRACTOR shall not place overlying materials on the installed 

geomembrane until the ENGINEER has reviewed and accepted the written test results for the 

geomembrane to be covered. At a minimum, the pre-delivery testing, the daily log of trial seam 
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results, laboratory destructive sample results, non-destructive test results, record drawings of 

the completed area, and approval of the seams in place will be reviewed. 

M. The GEOSYNTHETIC CONTRACTOR shall provide a report to the OWNER and the 

ENGINEER at the conclusion of the work which shall include the following: 

1. The quality control tests used as specified and/or directed, including all requirements of 

the Report section of the specified test method. 

2. Complete description of field sampling procedure, number of test specimens, and size of 

test specimens. 

3. Log of all Construction Quality Control work. 

N. The GEOSYNTHETIC CONTRACTOR shall be responsible for all costs incurred by the 

OWNER including, but not limited to, additional field and laboratory CQA testing resulting 

from greater than 5 percent of the CQA testing not meeting or exceeding the Specifications. 

O. All seams that cannot be subjected to the required Construction Quality Control or 

Construction Quality Assurance (CQA/CQC) testing shall be overcapped. 

WARRANTY 

A. The CONTRACTOR shall issue a warranty on the installation of geomembrane for a minimum 

period of 1 year. 

B. The CONTRACTOR shall issue a warranty on the geomembrane material for a minimum 

period of 5 years. 
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TABLE 1 

LLDPE GEOMEMBRANE MQC  

MINIMUM TESTING AND FREQUENCY 

PROPERTY TEST METHOD VALUE 

MINIMUM 

TEST 

FREQUENCY 

Thickness (min. avg.), mils 

Thickness (lowest individual for 8 of 10 spec.) 

Thickness (lowest individual for 1 of 10 spec.) 

ASTM D5994 38 

36 

34 

Each Roll 

Asperity Height (min. avg.), mils  ASTM D7466 16 Every 2nd Roll(2)

Density (max.), g/cm3 ASTM D1505/D792 0.939 Every 200,000 lb. 

Tensile Properties (avg. both directions) (3)

 Break strength, lb./inch 

 Break elongation, % 

ASTM D6693, 

Type IV 

60 

250 

Every 100,000 ft2

Every 100,000 ft2

Tear Resistance ASTM D1004 22 lb. Every 45,000 lb. 

2% Modulus (lb./in – max) ASTM D5323 2400 Per Formulation(4)

Axi-Symmetric Break Resistance Strain - 

% (min.) 
ASTM D5617 30 Per Formulation(4)

Puncture Resistance ASTM D4833 44 lb. Every 45,000 lb. 

Carbon Black Content (range), % (5,6) ASTM D1603 2.0-3.0 Every 45,000 lb.
Carbon Black Dispersion(7) ASTM D5596 See Note 15 Every 45,000 lb. 

Oxidative Induction Time(8) (OIT) (min. 

avg.) Standard OIT, minutes, or High 

Pressure OIT, minutes 

ASTM D3895  

ASTM D5885 

100 

400 

200,000 lb. 

Oven Aging at 85°C(9)

Standard OIT (min. avg.), % retained after 

90 days, or High Pressure OIT (min. avg.), 

% retained after 90 days 

ASTM D5721  

ASTM D3895 

ASTM D5885 
35 

60 

Per Formulation(4)

UV Resistance (10)

High Pressure OIT (min. avg.), % retained 

ASTM D5885 35 Per Formulation(4)
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NOTES 

1. Tests must be performed on each side of roll, or conversely test alternate sides on every 

roll. 

2. Machine direction (MD) and cross machine direction (XMD) average values should be on 

the basis of 5 test specimens each direction. Break elongation is calculated using a gage 

length of 2.0 inch at 2.0 inch/min. 

3. A Resin Formulation is defined as the mixture of a unique combination of ingredients 

identified by type, properties, and quantity. For LLDPE polyethylene geomembranes, a 

formulation is defined as the exact percentages and types of resin(s), additives, and carbon 

black. 

4. Other methods, such as D4218 (muffle furnace) or microwave methods are acceptable if 

an appropriate correlation to D1603 (tube furnace) can be established. 

5. Carbon black content is only measured on the black backing of the white-surfaced 

geomembrane. Prior to measuring the carbon black content, the white surface shall be 

scrapped or ground off to avoid misrepresentative results in the final result. 

6. Carbon black dispersion (only near spherical agglomerates) for 10 different views: 

 At least nine in Category 1 or 2; 

 1 (max.) in Category 3. 

7. The condition of the test shall be 20-hour UV cycle at 75C followed by 4-hour 

condensation at 60C. 

8. It is also recommended to evaluate samples at 30 and 60 days to compare with the 90-day 

response. 

9. The condition of the test should be 20-hour UV cycle at 75°C followed by 4-hour 

condensation at 60°C. 

10. UV resistance is based on percent-retained value regardless of the original HP-OIT value. 

END OF SECTION
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SECTION 02599 

GEOCOMPOSITE DRAINAGE LAYER

PART 1 GENERAL

1.1 SECTION INCLUDES 

A. The GEOSYNTHETICS CONTRACTOR shall furnish all labor, materials, equipment, tools 
and appurtenances required to complete the installation of all Geocomposite Drainage Layer 
(geocomposite, or GDC) as shown, specified or required.

B. The GECOMPOSITE MANUFACTURER (MANUFACTURER) shall furnish the 
geocomposite drainage layer materials and provide necessary Manufacturer's Quality 
Assurance/Quality Control (MQA/MQC) data.  

C. Geocomposite shall be installed as part of the landfill baseliner construction.  The 
geocomposite shall consist of an HDPE geonet with geotextile heat bonded to both sides.  
The following technical specifications shall govern the manufacturing, transport, and 
installation of the geocomposite drain components of the baseliner and system. 

D. GDC will be supplied by the OWNER, and CONTRACTOR shall provide all unloading, 
handling, and storage of material delivered to the Site for the Project. 

1.2 RELATED SECTIONS 

A. Section 02278 – Geosynthetic Clay Liner 

B. Section 02595 – Geotextile 

C. Section 02597 – HDPE Geomembrane 

D. Section 02222 – Subgrade 

1.3 REFERENCES 

A. American Society for Testing and Materials (ASTM): 

1. D413 Standard Test Methods for Rubber Property-Adhesion to Flexible Substrate 

2. ASTM D751—Standard Test Methods for Coated Fabrics. 

3. ASTM D792—Standard Test Methods for Density and Specific Gravity (Relative 
Density) of Plastics by Displacement. 
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4. ASTM D1238—Standard Test Method for Melt Flow Rates of Thermoplastics by 
Extrusion Plastometer. 

5. D1505 Standard Test Method for Density of Plastics by the Density-Gradient 
Technique 

6. D1603 Standard Test Method for Carbon Black In Olefin Plastics 

7. D4218 Standard Test Method for Determination of Carbon Black Content in 
Polyethylene Compounds By the Muffle-Furnace Technique 

8. D4354 Standard Practice for Sampling of Geosynthetics and Rolled Erosion Control 
Products (RECP) for Testing 

9. D4491 Standard Test Methods for Water Permeability of Geotextiles by Permittivity 

10. D4595 Standard Test Method for Tensile Properties of Geotextiles by the Wide-Width 
Strip Method 

11. D4632 Standard Test Method for Grab Breaking Load and Elongation of Geotextiles 

12. D4716 Standard Test Method for determining the (In-plane) Flow Rate per Unit Width 
and Hydraulic Transmissivity of a Geosynthetic Using a Constant Head 

13. D4751 Standard Test Method for Determining Apparent Opening Size of a Geotextile 

14. D4873 Standard Guide for Identification, Storage, and Handling of Geosynthetic Rolls 
and Samples 

15. D5199 Standard Test Method for Measuring the Nominal Thickness of Geosynthetics 

16. D5261 Standard Test Method for Measuring Mass per Unit Area of Geotextiles 

17. D5321 Standard Test Method for Determining the Coefficient of Soil and 
Geosynthetic or Geosynthetic and Geosynthetic Friction by the Direct Shear Method 

18. D6243 Standard Test Method for Determining the Internal and Interface Shear 
Resistance of Geosynthetic Clay Liner by the Direct Shear Method 

19. D7005—Standard Test Method for Determining the Bond Strength (Ply Adhesion) of 
Geocomposites. 

20. F904 Standard Test Method for Comparison of Bond Strength or Ply Adhesion of 
Similar Laminates Made from Flexible Materials 

B. Geosynthetic Research Institute (GRI): 

1. GRI GC7 Determination of Adhesion and Bond Strength of Geocomposites 

2. GRI GC8 Determination of the Allowable Flow Rate of a Drainage Geocomposite 
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C. The most current version of the specified test method shall be followed by the 
MANUFACTURER, GEOSYNTHETICS CONTRACTOR or authorized testing laboratory. 

1.4 DEFINITIONS 

A. Minimum Value – Property value representing the lowest individual allowable value obtained 
when tested according to the specified test method.  This applies to individual readings, such 
as thickness; or where only one specimen is tested for the specified parameter. 

B. Minimum Average Value – Property value representing the lowest allowable value for the 
average of results for the specimens tested.  

C. Minimum Average Roll Value (MARV) – Property value calculated as the average test result 
minus two standard deviations.  Statistically, this implies a 97.5 percent confidence that any 
sample tested during quality assurance will exceed the value reported. 

D. Nominal Value – Property value that is representative of a measurable property, determined 
under a set of prescribed test conditions, by which a product may be described. 

E. Typical Roll Value – Property value calculated as the average or mean obtained from test 
data. 

F. Unit – For the purposes of this project, a “Unit” shall be a single roll of geo synthetic 
material.  

G.  Lot - For the purposes of this project, a “Lot” will be defined as a single run of geosynthetic 
material from the same production equipment/extruder, where the tooling and raw materials 
of production have not changed during manufacturing.  

1.5 SUBMITTALS 

A. The MANUFACTURER shall submit to the ENGINEER all items included in this Article.  
Submittals shall be provided as follows: 

1. Submitted with the BID: 

a. A statement of the MANUFACTURER’S experience, including the manufacturing 
and supplying company’s name, address and employee contact if material is not 
supplied by the OWNER. 

b. A copy of the MANUFACTURER’S Manufacturing Quality 
Assurance/Manufacturing Quality Control (MQA/MQC) Plan, if material is not 
supplied by the OWNER. 

2. Fifteen days prior to site delivery, unless stated otherwise below: 
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a. Manufacturing Quality Control (MQC) Manufacturing Quality Assurance (MQA) 
test data for the material to be delivered to the site, if material is not supplied by 
the OWNER.  The reports shall include the test results for samples obtained prior 
to and during the manufacture of the geocomposite. In the event material is 
delivered prior to receipt of the manufacturer’s data, the geocomposite without 
data will be stored separate from material with data.  The geocomposite will be 
rejected if it does not meet the requirements of this Specification, or if it is found 
to have defects, rips, holes, flaws, deterioration or other damage deemed 
unacceptable by the ENGINEER.  

b. Samples of the proposed geocomposite shall be sent to the OWNER for interface 
shear and transmissivity testing within 5 days after such request is made by the 
OWNER, if material is not supplied by the OWNER.  The GEOSYNTHETICS 
CONTRACTOR shall coordinate the quantity and dimensions of the samples with 
the OWNER.   

3. Upon Completion 

a. Statement of material warranties.   

B. The GEOSYNTHETICS CONTRACTOR shall submit to the ENGINEER all items included in 
this Article.  Submittals shall be provided as follows: 

1. Submitted with the BID: 

a. A project reference list demonstrating the GEOSYNTHETICS CONTRACTOR’S 
experience on a minimum of 5 projects, totaling at least two million square feet of 
installed geocomposite drain; or, the GEOSYNTHETICS CONTRACTOR shall 
provide satisfactory evidence through similar experience in the installation of 
geosynthetics, that the geocomposite will be installed in a competent, professional 
manner.   

2. Fifteen days prior to site delivery, unless stated otherwise below: 

a. Resumes of all geocomposite installation crew members, including Supervisor and 
QC Manager, summarizing prior experience in installing geocomposite.  
geocomposite installation staff will be subject to approval by the ENGINEER and 
OWNER. 

b. Shop drawings including details of overlap and method of joining adjacent panels.  
This shall include geonet tying detail; as well as, sewing thread type, stitch type, 
stitch density and number of rows, etc. 

3. Upon Completion: 

a. Summary and log of all laboratory quality control and quality assurance data 
obtained by the GEOSYNTHETICS CONTRACTOR.   
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b. Summary and log of all field quality control data and information obtained by the 
GEOSYNTHETICS CONTRACTOR. 

c. Statement of installation warranties.   

1.6 PRODUCT DELIVERY, STORAGE, AND HANDLING 

A. The GEOSYNTHETICS CONTRACTOR shall protect the work described in this Section 
before, during, and after installation, and shall protect the installed work specified in other 
Sections as well as work completed by the OWNER. 

B. The CONTRACTOR shall safely unload, transport to an appropriate staging area, and store the 
geocomposite until needed for installation.  

C. Geocomposite labeling, shipment, and storage shall follow ASTM D4873, as modified by this 
Specification.  

D. Product labels shall be placed on the ends of the roll such that they can be seen when rolls are 
stacked, and shall clearly show the manufacturer or supplier name, style name, date of 
manufacture, lot number, roll number and roll dimensions. 

E. If any special handling or deployment is required (e.g., top and bottom orientation), it shall be 
so marked on the outside surface of the wrapping (e.g. “Do not stack more than five rolls 
high,” etc). 

F. Each geocomposite roll shall be wrapped with a material that will protect the material from 
damage due to shipment, water, sunlight and contaminants.  The protective wrapping shall be 
maintained during periods of shipment and storage.   

G. Storage areas shall be stable, dry, relatively flat and well drained.  During storage the 
geocomposite rolls shall be adequately covered and protected from the following: 

1. Exposure of the geotextile component to ultraviolet (UV) radiation in excess of 14 days, 
and as restricted by Section 02595, Article 3.2. 

2. Site construction damage 
3. Precipitation 
4. Chemicals that are strong acids or strong bases 
5. Flames, sparks, temperatures in excess of 49 deg C (120 deg F) 
6. Any environmental condition that might damage the geocomposite. 

H. Roll numbers on partially used rolls shall be maintained such that each roll number can 
readily be identified prior to deployment of the remaining portions of the roll. 

I. Rolls that are determined to be damaged prior to the CONTRACTOR’S unloading from the 
delivery vehicle shall be reported to the ENGINEER and the OWNER, and such material 
shall be set aside for replacement by the OWNER. Rolls that are determined to be damaged at 
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any time after the CONTRACTOR’S unloading from the delivery vehicle shall be promptly 
replaced in kind by the CONTRACTOR at no additional cost to the OWNER. 

J. For storage longer than 9 months, rolls must be stored off the ground under an additional 
cover or tarp beyond the manufacturer’s wrapping or be placed within an enclosure. 

PART 2 MATERIALS

2.1 GENERAL 

A. A geocomposite is specified for the following uses: 

1. the Secondary Leachate Collection and Removal System (SLCRS); including sideslope 
areas (slopes greater than 25%) and floor areas (slopes less than or equal to 25%).   

2. the porewater collection system drain.   

B. For each required application, the MANUFACTURER must supply a product that meets or 
exceeds the requirements of the specific components.  The MANUFACTURER may supply 
products that can meet the requirements for one or more of the above functions, in which case 
the MANUFACTURER must specify the intended use for each supplied product.    

C. The geocomposite shall consist of a high density polyethylene (HDPE) geonet core between 
two layers of nonwoven, needlepunched geotextile.  The geotextiles shall be heat-bonded to 
the geonet core.  The geotextiles shall extend a minimum of four inches beyond the geonet to 
allow field seaming of adjacent geotextiles or seaming of upper and lower geotextiles. Where 
insufficient geotextile overlap exists, the MANUFACTURER will be responsible for 
replacing the material with satisfactory materials without delay to the project or cost to the 
OWNER.  This shall include costs associated with removal of deficient geocomposite 
incurred by the GEOSYNTHETICS CONTRACTOR.   

D. The geonet core and the geotextiles, as well as the geocomposite itself, shall be subject to 
Manufacturing Quality Assurance (MQA) and Manufacturing Quality Control (MQC) testing 
as required by this Specification.  

E. Conformance testing shall be conducted on the geocomposite by the ENGINEER.  The 
MANUFACTURER shall, at no additional cost to the OWNER, provide whatever reasonable 
assistance the ENGINEER may require in obtaining samples for conformance testing.  
Conformance testing shall be conducted by a qualified laboratory with GAI-LAP 
accreditation.  The conformance properties shall include items identified in Section 2.2C, 
Section 2.3B, and Section 2.4A.  At least one conformance sample will be collected from 
each 100,000 sft of material produced.  Conformance geosynthetic material test frequency 
shall be in accordance with ASTM D4354 (with a minimum of two analyses per lot), unless 
determined otherwise by the ENGINEER.  

F. Conformance testing will be at the expense of the OWNER, unless the tests show the 
materials do not comply with the Specifications, in which case the MANUFACTURER shall 
pay the cost of re-sampling and testing. 
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G. The MANUFACTURER shall be solely responsible for the quality of the material provided.  
Should any of the tests performed on the material yield unsatisfactory results, the 
MANUFACTURER will be responsible for replacing the material with satisfactory materials 
without delay to the project or cost to the OWNER. 

H. Interface shear strength testing and transmissivity testing of the geocomposite and related 
materials is the responsibility of the OWNER.  The results must comply with the criteria 
determined by the Engineer, as specified in the Construction Drawings.  All testing must 
meet the minimum requirements, and the analysis of those results must be completed by the 
ENGINEER prior to installation of the materials.  Testing for geosynthetic to geosynthetic, or 
geosynthetic to soil interface, shall be conducted according to the current version of ASTM 
D5321.  Testing for interfaces involving geosynthetic clay liner (GCL) shall be conducted 
according to the current version of ASTM D6243.   

2.2 GEOTEXTILE 

A. The geotextile component of the geocomposite shall be subject to MQA sampling and testing 
to verify the products meet or exceed the material specifications identified in this Section. 
Sampling shall take place prior to lamination to the geonet. 

B. Both the upper and lower geotextiles shall extend a minimum of four inches beyond the edge 
of the geonet to facilitate seaming of adjacent upper geotextiles or seaming of the upper and 
lower geotextile.    

C. The geotextile shall meet the following requirements, based upon the specified weight for the 
application: 

PROPERTY TEST 
METHOD 

VALUE TEST 
FREQUENCY 

Mass per Unit Area, 
oz/yd2  (min. avg.) 

ASTM D5261 6 8 1/100,000 ft2

Grab Tensile 
Strength(12), lbs. 
(min. avg.) 

ASTM D4632 150 160 1/100,000 ft2

Grab Elongation(1), 
% (min. avg.) 

ASTM D4632 50 50 1/100,000 ft2

A.O.S., U.S. Sieve 
(max) 

ASTM D4751 70 80 1/600,000 ft2

Permittivity, sec-1 

(min. avg.) 
ASTM D4491 1.0 1.0 1/600,000 ft2

Notes  (1): Mass per unit area will be provided by the Engineer.    
(2):  Values required in weakest principal direction 
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2.3 GEONET CORE 

A. The geonet core of the geocomposite shall be subject to MQA/MQC sampling and testing to 
verify the product meets or exceeds the material specifications identified in this Section. 

B. The geonet core shall meet the following requirements: 

PROPERTY TEST METHOD VALUE TEST 
FREQUENCY 

Density, gm/cm3

(min. avg.) 
ASTM D1505 0.940 1/50,000 ft2

Carbon Black, % 
(range.) 

ASTM D1603/D4218 2.0 – 3.0 1/50,000 ft2

2.4 GEOCOMPOSITE 

A. The geocomposite shall be subject to Manufacturing Quality Control (MQC) testing that 
must be conducted by the MANUFACTURER.  The geocomposite shall meet the following 
values for the properties listed:  

PROPERTY TEST METHOD VALUE 
TEST 

FREQUENCIES 

Ply Adhesion, lb/in(1), (min. avg.) 
GRI-GC-7/ASTM 

D7005 
1.0 1 / 50,000 ft2

Transmissivity(2), m2/sec   (min.) ASTM D4716 See Design 
Drawings 

One per Project 

Interface Shear Strength (min) ASTM D5321 Project-specific One per Project 

Note : A single transmissivity test for each product and specific configuration must be conducted prior to 
delivery of the geocomposite unless the GEOSYNTHETIC CONTRACTOR can provide suitable existing 
test data for the ENGINEER’s approval.  All transmissivity tests must be performed after being loaded for 
100 hours.  The specific test requirements will be provided by the Engineer on a project-specific basis.    

B. The transmissivity test report shall include all information required by ASTM D4716.  An 8” 
x 10” sample of the roll tested shall be delivered with the test results. A 6” test box may be 
used in lieu of the 12” test box. 

C. Interface Shear Testing – Interface shear strength testing of the geocomposite and related 
materials will be the responsibility of the OWNER using materials provided by the 
Geosynthetics Contractor (if material is not supplied by OWNER).  Materials used in 
interface shear testing shall be the same materials (e.g., same resin formulation, material 
properties, etc.) as those proposed for use.  The results must comply with the criteria 
determined by the OWNER, as specified in the Construction Drawings.  All testing must 
meet the minimum requirements, and the ENGINEER prior to installation of the materials 
must complete the analysis of those results.  Testing for geosynthetic to geosynthetic or 
geosynthetic to soil interface shall be conducted according to the current version of ASTM 
D5321. The Engineer shall assign testing requirements.    
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2.5 FASTENERS 

A. Geocomposite panel connections shall be secured with fasteners. Fasteners shall be locking 
plastic ties.  Fasteners shall be leachate compatible and shall not be capable of damaging 
adjacent geosynthetic materials.  Fasteners shall be of a color that contrasts with the color of 
the geonet core.  Samples of the fasteners shall be submitted to the ENGINEER for approval 
prior to use. Metallic ties shall not be used.  

2.6 SEWING THREAD 

A. The upper geotextile of adjacent geocomposite panels or the upper and lower geotextiles of a 
single geocomposite panel may be joined by sewing, and shall be sewn only as approved by 
the ENGINEER.    

B. Sewing thread shall consist of high strength polypropylene or polyester. 

C. Materials, mean and methods for sewing adjoining panels shall be as approved by the 
ENGINEER. 

PART 3 EXECUTION

3.1 SURFACE PREPARATION 

A. The surface to be covered by the geocomposite shall be cleared of loose soil, sharp objects, 
stones, sticks, or any materials that may contribute to clogging, punctures, shearing, rupturing 
or tearing of the geosynthetic materials.  The geocomposite subgrade shall have a smooth, 
finished surface, free from pockets, holes, ruts, and discontinuities that will cause bridging of 
the material in the judgment of the ENGINEER. All soil subgrade to be covered by 
geocomposite shall be inspected for unstable areas or soft spots in accordance with Section 
02222 before the geocomposite is placed and additional surface preparation may be required 
to eliminate any unsuitable areas as determined by the ENGINEER. 

3.2 INSTALLATION 

A. Geocomposite will be utilized in the porewater and secondary leachate collection layer on 
sideslopes and floor areas.   

B. The GEOSYNTHETICS CONTRACTOR shall install the geocomposite to the lines and 
grades shown on the Drawings in accordance with this Section and the 
MANUFACTURER’S recommendations.  Geocomposite panels shall be deployed in a 
manner that will not damage the geocomposite or underlying materials, and that will 
minimize wrinkling.  The material shall be placed such that the flow orientation is consistent 
with the transmissivity values determined during material testing.   

C. The geocomposite shall be deployed in a manner that will limit the placement of cross seams 
(seams perpendicular to the slope direction) on slopes greater than 10%.  In the event cross 
seams are unavoidable, no more than one cross seam shall be permitted per run from the top 
of the slope.  The Engineer may approve additional cross seams for longer slopes requiring 
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multiple rolls.  Such cross-seams shall be positioned nearer the top of the slope than the 
bottom, but not within 10 feet of the crest of slope.     

D. All cross seams shall be shingled down slope, and all side seams (along panel length) shall be 
shingled in the same direction along the width of the slope.     

E. For side-seams, panels shall be overlapped a minimum of 4 inches, or as recommended by 
the MANUFACTURER.  Cross seams shall be overlapped a minimum of 6-inches.  The 
geonet core shall be secured with approved plastic fasteners.  The fasteners, after installation, 
shall be positioned in a way as not to damage the overlying GCL or underlying 
geomembrane.   

F. The adjacent geonet cores at side-seams shall be fastened with approved plastic fasteners at a 
spacing of 1 fastener every 5 feet of panel overlap, except on the top of the perimeter berm 
where the fasteners shall be spaced at six inches.  The adjacent geonet cores at cross seams 
shall be fastened every 12-inches on slopes less than 10%, and every six inches on slopes 
greater than 10%.   

G. Geocomposite panels shall be staggered such that cross seams between adjacent panels are 
not continuous.  Cross seams shall be offset a minimum of five feet.   

H. Overlaps for all seams oriented perpendicular to the flow path shall be achieved by pulling 
back the upper geotextile of the lower geocomposite, and the lower geotextile on the upper 
geocomposite.  The adjoining geonet cores shall be shingled down slope with a minimum 
six-inch overlap. The upper geotextiles shall be rejoined by sewing or heat fusion methods, as 
approved by the ENGINEER. 

I. Where a continuous layer of gecomposite drainage layer is required (e.g., secondary leachate 
collection sideslopes), the upper geotextile of adjacent geocomposite panels shall be joined.  
For sewn seams, the geotextile shall be overlapped a minimum of four inches, or as required 
by the sewing method approved by the ENGINEER.   

J. Where single strips of geomposite drainage layer, oriented perpendicular to the flow 
direction, are required, the upper and lower geotextiles shall be joined.  For sewn seams, the 
geotextile shall be overlapped a minimum of four inches, or as required by the sewing 
method approved by the ENGINEER.  Removal of geonet to facilitate seaming of upper and 
lower geotextiles shall not be permitted without prior approval by the ENGINEER.  

K. Welding of the geonet to the geomembrane shall not be permitted.  

L. The work shall be scheduled so that the geocomposite is covered within 30 days after 
placement unless otherwise approved by the Engineer, or as recommended by the 
manufacturer.  Failure to comply with the exposure requirement will require replacement of 
the geocomposite unless the GEOSYNTHETICS CONTRACTOR demonstrates, to the 
satisfaction of the ENGINEER, the material has not been adversely affected. 

M. Smoking is not permitted on any geosynthetic material.    
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N. The GEOSYNTHETICS CONTRACTOR shall be responsible for the protection of the 
geomembrane during the installation of the geocomposite.  In no way shall any tracked 
equipment, or any other equipment which may pose a risk of puncturing, tearing, or otherwise 
damaging the geosynthetics, be permitted for use during this phase of construction. 

O. Any use of ATV’s on the site must be pre-approved by the ENGINEER.  The 
GEOSYNTHETICS CONTRACTOR shall submit an S.O.P. describing how ATV’s are to be 
used, if at all, in the deployment of geocomposite at the site.  As a minimum, the following 
shall apply: 

1. Any damage resulting from the use of ATV’s, as determined by the ENGINEER, shall be 
repaired according to Article 3.3, at no additional cost to the OWNER.  If repeated repairs 
are required as the result of the use of ATVs operating on geosynthetic material, further 
use of ATVs will be prohibited. 

2. Any and all ATV’s proposed to be used in the deployment of geosynthetics will be 
inspected by the ENGINEER.  ATV’s which are found to be leaking oil or fuel, or which 
in any other way exhibit the potential to damage the lining system components, will not 
be permitted. 

3. Any oil or fuel which leaks onto geosynthetic materials shall be thoroughly removed 
(cleaned) by the GEOSYNTHETICS CONTRACTOR, or the geosynthetic material shall 
be replaced at the discretion of the ENGINEER, at no additional cost to the OWNER. 

4. Re-fueling of ATVs on geosynthetic materials is prohibited. 
5. ATVs shall have tires with low ground pressure, typically less than 5 psi, and shall have 

shallow treads. 
6. ATVs shall be operated by a single operator at speeds less than 5 mph. 
7. Quick starts, stops, wheel spinning and sharp turns will not be permitted above any 

geosynthetic material. 

P. Alternate seaming methods may be approved by the ENGINEER.  Heat fusion seaming of the 
geotextile layers may be allowed provided that the following is maintained: 

1. Prior to seaming the geotextile together, the GEOSYNTHETICS CONTRACTOR must 
demonstrate to the ENGINEER the ability to perform this type of installation method. 

2. Areas burned through that are damaged by fusion welding shall be properly repaired.  
3. The bonded seam shall be installed in a continuous fashion. 

3.3 REPAIRS 

A. Any holes or tears in the geocomposite shall be repaired using material obtained from rolls 
approved by the ENGINEER for use at the site. 

B. Patching of the geocomposite shall be accomplished by tying the geonet and sewing or 
liestering the upper geotextile as approved by the ENGINEER.  All approved patches shall 
extend a minimum of 6 inches in all directions from the edge of the defect. 
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PART 4 QUALITY ASSURANCE/QUALITY CONTROL PROGRAM

4.1 GENERAL 

A. Before installation begins, and weekly thereafter, (more often if determined necessary by the 
ENGINEER) project coordination meetings shall be held with the designated representative 
of the EARTHWORKS CONTRACTOR, GEOSYNTHETICS CONTRACTOR, 
ENGINEER, and OWNER in attendance to review the following information: 

1. Progress of the work. 
2. Adherence to the Specifications 
3. Adherence to the Construction Quality Control Program described in this Section, 

including the timely submission of the pertinent forms. 
4. Planned work and methods for the ensuing week, including estimate of time remaining to 

completion of the work. 
5. Problem resolutions to be implemented during the upcoming week. 

B. All information specified and required must be submitted to the ENGINEER in a timely 
fashion. 

C. Any changes in the proposed method of work, subcontractors to be utilized, manufacturing or 
materials must be approved in advance by the ENGINEER.  The GEOSYNTHETICS 
CONTRACTOR assumes all responsibility relevant to providing an acceptable product. 

4.2 INSTALLATION QA/QC  

A. The ENGINEER and GEOSYNTHETICS CONTRACTOR shall visually inspect all 
materials to be included in the work, and compare roll identification numbers with those 
provided by the manufacturer to assure installation of the approved materials.  The 
ENGINEER shall record roll identification numbers and locations.  No material shall be 
installed prior to furnishing the required test results. 

B. All panel seams shall be inspected and approved by the ENGINEER. 

C. The ENGINEER shall obtain conformance samples across the entire width of the 
geocomposite rolls.  The GEOSYNTHETICS CONTRACTOR shall, at no additional cost to 
the OWNER, provide whatever reasonable assistance the ENGINEER may require in 
obtaining the samples.  Unless otherwise specified, samples shall be three feet long by the 
roll width, and shall not include the outer wrap.  The ENGINEER shall mark the machine 
direction on the samples with an arrow.  Unless otherwise specified, conformance samples 
shall be obtained at the rate of one per 100,000 square feet.  An appropriate number of these 
samples shall be forwarded to the CQA laboratory for conformance testing by the 
ENGINEER in accordance with ASTM D4354.  

D. Non-conforming material shall not be used in the work.  In the event non-conforming results 
are obtained from the laboratory, the nearest numbered rolls on each side of the non-
conforming roll shall be sampled and tested for the full suite of conformance tests, until the 
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extent of non-conformance is established.  The OWNER reserves the right to reject the lot of 
rolls at any stage of extended sampling and testing. 

E. Conformance testing will be at the expense of the OWNER, unless the test shows the 
geocomposite drainage material and/or its components do not comply with the Specifications, 
in which case the GEOSYNTHETICS CONTRACTOR shall pay all sampling and testing 
cost.  The GEOSYNTHETICS CONTRACTOR shall be solely responsible for the quality of 
the material provided.  Should any of the tests performed on the material yield unsatisfactory 
results, the GEOSYNTHETICS CONTRACTOR will be responsible for replacing the 
material with satisfactory materials without delay to the project or cost to the OWNER. 

F. Damage to the geocomposite materials during installation shall be repaired according to 
Article 3.3.  If the ENGINEER determines the damage is un-repairable, the damaged material 
will be replaced. 

G. The geotextiles shall be heat-bonded over the entire surface of the geonet.  If a significant 
portion of the upper or lower geotextile, as determined by the ENGINEER, is not bonded to 
the surface of the geonet, the ENGINEER shall reject the questionable portion of the roll, or 
require the unbonded area to be cut out and replaced in accordance with the requirements of 
this Specification. 

4.3 WARRANTY 

A. The GEOSYNTHETICS CONTRACTOR shall issue a warranty on the installation of 
geocomposite material for a minimum period of 1 year. 

B. The GEOSYNTHETICS CONTRACTOR shall issue a warranty on the geocomposite 
material for a minimum period of 1 year, if material is supplied by CONTRACTOR. 

END OF SECTION 
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SECTION 02650 

POLYVINYL CHLORIDE (PVC) PIPE 

PART 1 GENERAL

1.1 SECTION INCLUDES 

A. Work covered by this Section includes the requirements, materials, and methods for installing 
PVC landfill gas or leachate collection piping, appurtenances and fittings, as shown on the 
Drawings. 

B. The CONTRACTOR shall install the various pipelines and appurtenant work as indicated in 
the Drawings and as specified herein, or as reasonably required to produce a complete, 
proper, and functional installation in accordance with the intent of the design. 

C. Pipe will be supplied by the OWNER, and the CONTRACTOR shall provide for handling of 
all piping and related materials delivered to the Site for the Project. 

1.2 RELATED SECTIONS 

A. Section 02220 - Excavation 

B. Section 02440 – Leachate Drainage Layer 

1.3  REFERENCES 

A. American Society for Testing and Materials (ASTM): 

1. ASTM D1599 - Standard Test method for  Short-Time Hydraulic Failure Pressure of 
Plastic Pipe, Tubing and  Fittings 

2. ASTM D1785 - Standard Specification for Poly (Vinyl Chloride) (PVC) Plastic Pipe, 
Schedules 40, 80, and 120. 

3. ASTM D2412 - Standard Test Method for Determination of External Loading 
Characteristics of Plastic Pipe by Parallel-Plate Loading 

4. ASTM D2464 - Standard Specification for Threaded Poly (Vinyl Chloride) (PVC) Plastic 
Pipe Fittings, Schedule 80. 

5. ASTM D2466 - Standard Specification for Poly (Vinyl Chloride) (PVC) Plastic Pipe 
Fittings, Schedule 40 

6. ASTM D2467 - Standard Specification for Poly (Vinyl Chloride) (PVC) Plastic Pipe 
Fittings, Schedule 80. 
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7. ASTM D2564 - Standard Specification for Solvent Cements for Poly (Vinyl Chloride) 
(PVC) Plastic Piping Systems. 

8. ASTM D2855 - Standard Practice for Making Solvent-Cemented Joints with Poly (Vinyl 
Chloride) (PVC) Pipe and Fittings. 

9. ASTM D3139 - Standard Specification for Joints for Plastic Pressure Pipes Using 
Flexible Elastomeric Seals. 

10. ASTM F477 - Standard Specification for Elastomeric Seals (Gaskets) for Joining Plastic 
Pipe. 

11. ASTM F1476 - Standard Specification for Performance of Gasketed Mechanical 
Couplings for Use in Piping Applications. 

12. ASTM F1417 –  Standard Practice for Installation Acceptance of Plastic Non-pressure 
Sewer Lines Using Low-Pressure Air 

1.4 DELIVERY, STORAGE, AND HANDLING 

A. The CONTRACTOR and ENGINEER shall inspect the pipe shipment upon arrival to 
identify any apparent damage to the pipe and to verify and document that the proper pipe has 
been received by recording the pipe designations marked on the pipe and by spot measuring 
the pipe inside diameter (ID) and outside diameter (OD). 

B. The CONTRACTOR shall safely unload, transport to an appropriate staging area, and store 
the pipe until needed for installation.  

C. All pipes and fittings shall be carefully handled when loading and unloading.  Lift by hoists 
or lower on skidways in a manner to avoid shock or impact.  Chains, cables, or hooks shall 
not be inserted into the pipe end. 

D. Where required, due to weight of material and for the safety and protection of workmen, 
materials, equipment, property, and the work, use derricks, ropes, or other suitable equipment 
for lowering pipe into position or when handling of the pipes. The CONTRACTOR shall take 
measures to avoid damaging the pipe. 

E. PVC pipe and fittings shall be protected against the damaging ultraviolet rays of the sun 
when stored for any period.  Such protection shall consist of canvas covering, or other 
material as recommended by the manufacturer and approved by the ENGINEER.  Plastic 
sheets shall not be used.  No covering shall be permitted which may allow excessive 
temperatures to develop where pipe is stored.  All pipe which has been distorted or otherwise 
negatively affected by high temperatures shall be rejected, regardless of the pipe's appearance 
after return to ambient temperatures.  Rejected pipe shall be marked and removed from the 
site of the work immediately. 
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F. The pipe shall be stored on a clean and level surface.  The pipe shall be set on wooden 
sleepers and shall not be stacked more than four feet high.  When pipe is stacked for storage, 
the heaviest series of pipe shall be placed at the bottom. 

G. All pipes, fittings, and appurtenances to be used in this work shall be handled with extreme 
care.  Proper and suitable tools and appliances for safe convenient handling and laying of the 
pipes shall be used. 

H. PVC pipe and fittings shall be protected from damage by sharp objects through all phases of 
work. 

I. Products that are determined to be damaged prior to the CONTRACTOR’S unloading from 
the delivery vehicle shall be reported to the ENGINEER and the OWNER, and such material 
shall be set aside for replacement by the OWNER. Products that are determined to be 
damaged at any time after the CONTRACTOR’S unloading from the delivery vehicle shall 
be promptly replaced in kind by the CONTRACTOR at no additional cost to the OWNER. 

PART 2 MATERIALS

2.1 POLYVINYL CHLORIDE (PVC) PIPE AND FITTINGS 

A. All PVC piping shall be 4-inch, 6-inch, 8-inch, 12-inch or 24-inch diameter solid walled or 
perforated PVC pipe as shown on the Drawings and conforming to ASTM Standards D1784 
and D1785. 

B. All pipe fittings shall be of the same wall thickness or greater as the adjoining pipe, except 
for transition or special couplers as noted on the Drawings.  All pipe fittings shall conform to 
ASTM Standards D1784 and D2467. 

C. Pipe and fittings of the same type shall be the products of a single manufacturer or as 
approved by the ENGINEER. 

D. PVC primers conforming to ASTM F656, and PVC solvent cement conforming to ASTM 
D2564 shall be used for socket type connections as shown on the Drawings.   

PART 3 EXECUTION

3.1 INSPECTION 

A. Each length of pipe and each fitting shall be carefully inspected prior to installation.  All 
materials not meeting the requirements of these Specifications, or otherwise found defective 
or unsatisfactory by the ENGINEER, shall be rejected and immediately marked and removed 
from the job site by the CONTRACTOR. 

B. Bedding and other conditions shall be carefully inspected prior to laying pipe.  All conditions 
shall be made available to the ENGINEER for inspection purposes, and the ENGINEER shall 
be further advised where, in the CONTRACTOR's opinion, unstable or otherwise deleterious 
conditions exist. 
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C. Each stretch of completed pipeline shall be inspected prior to backfilling.  Backfilling 
operations shall not be initiated prior to inspection by the ENGINEER. 

3.2 PREPARATION 

A. Pipe and fitting interiors and joint surfaces, shall be thoroughly cleaned prior to installation.  
Pipes and fittings shall be maintained in a clean condition. 

3.3 PIPE INSTALLATION 

A. Prior to placement, the pipe locations shall be verified by the ENGINEER.  For leachate 
collection pipes, the actual number of, and location of the pipes may be modified by the 
ENGINEER based upon the actual in-place permeability of the blanket drain and the final 
configuration of the liner system.   

B. Pipe installation shall be performed by skilled workers.  Each pipe laying crew shall have a pipe 
laying foreman. 

C. Pipe shall be accurately installed to the lines and grades shown in the Drawings, or as approved 
by the ENGINEER, so that inverts are smooth.  

D. Deflections in horizontal or vertical alignment at joints are not permitted without the written 
consent of the ENGINEER.  If so approved, the deflections shall not exceed the manufacturer's 
recommendation. 

E. When requested by the ENGINEER, a qualified field representative of the manufacturer shall 
be present at the job site for the first day of pipe laying to assure that proper procedures are 
followed, and during leakage testing (as applicable). 

F. The ENGINEER shall be notified in advance whenever an existing pipeline location conflicts 
with the proposed locations of the work. 

G. Pipe Adapters - Join pipes of different materials with adapters specifically manufactured for that 
purpose and as approved by the ENGINEER, or as detailed in the Drawings. 

H. All piping shall be of the type and size as shown in the Drawings and described in this Section 
of the Specifications. 

I. Pipes and fittings shall be carefully placed in the Work. 

J. Pipe and fittings shall be installed so that there will be no excess deviation at the joints and so 
that inverts present a smooth surface.  Pipe and fittings which do not fit together to form a tight 
fitting joint are not permitted. 

K. Excavations shall be maintained free of water during pipe installation.  No pipes shall be laid in 
water nor shall there be any joints made up in water.  All slides or cave-ins of the trenches or 
cuts shall be remedied to the satisfaction of the ENGINEER. 

L. Cleanliness of installed pipe and fitting interiors shall be maintained throughout the work. 
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M. All adjustments to the line and grade of pipe shall be done by scraping away or compacted 
filling of the bedding stone under the barrel of the pipe, and not by blocking or wedging. 

N. Fittings shall be installed as required and in accordance with the Drawings and Specifications.  
The installation of fittings after the pipeline has been laid will not be permitted without the 
written approval of the ENGINEER.  In such cases, complete details pertaining to the proposed 
type of fittings and the installation procedure shall be submitted by the CONTRACTOR to the 
ENGINEER for review before approval will be considered. 

O. Approval by the ENGINEER is required prior to changing the location of any of the Work due 
to field conditions.  Changes in pipe sizes are prohibited without a written consent from the 
ENGINEER. 

P. All installed piping shall form completely connected systems including connections to 
appurtenances specified in other sections to result in a satisfactorily operating installation. 

Q. The number of pipe joints shall be minimized.  In the case of random lengths of pipe, the 
Contractor shall provide proper smooth and square ends prior to assembling, 

R. Perform field cutting of pipe with use of a fine-toothed hacksaw, a handsaw, or a circular saw 
providing square ends for proper joints.  Cut ends shall be beveled in accordance with 
manufacturer's instructions. 

S. All pipe ends not terminated by another specific fitting shall be capped with a slip cap or as 
directed by the ENGINEER.  Caps shall not be bonded to the pipe unless otherwise specifically 
noted in the Drawings. 

T. Unless otherwise specified, pipe ends shall be temporarily capped and sealed securely to ensure 
no water or soil intrusion, pending future connection. 

U. Leachate collection system pipe (primary and secondary) shall be cleaned and camera inspected 
to verify that the system is free of obstructions and construction-related debris. 

END OF SECTION 
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SECTION 02660 

POLYETHYLENE PIPE 

PART 1 GENERAL

1.1 SECTION INCLUDES 

A. Work covered by this Section includes the requirements, materials, and methods for installing 
HDPE piping, fittings, appurtenances, and as shown on the Drawings. 

B. The CONTRACTOR shall install the various pipelines and appurtenant work as indicated in the 
Drawings and as specified herein, or as reasonably required to produce a complete, proper, and 
functional installation in accordance with the intent of design. 

C. HDPE pipe for cell construction will be supplied by the OWNER, and the CONTRACTOR 
shall provide for handling of all piping and related materials delivered to the Site for the Project. 

1.2 RELATED SECTIONS 

A. Section 01502 – Environmental Protection/Soil Erosion and Sediment Control 

B. Section 02220 – Excavation 

C. Section 02440 – Leachate Drainage Layer 

D. Section 02597 – HDPE Geomembrane Liner 

E. Section 02599 – Geocomposite Drainage Layer 

1.3 REFERENCES 

A. American Society for Testing and Materials (ASTM): 

1. ASTM D3261 – Standard Specification for Butt Heat Fusion Polyethylene (PE) Plastic 
Fittings for Polyethylene (PE) Plastic Pipe and Tubing 

2. ASTM D3350 – Standard Specification for Polyethylene Plastics Pipe and Fittings 
Materials 

3. ASTM D4976 – Standard Specification for Polyethylene Plastics Molding and 
Extrusion Materials. 

4. ASTM F714 – Standard Specification for Polyethylene (PE) Plastic Pipe Based on 
Outside Diameter. 
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1.4 DELIVERY, STORAGE, AND HANDLING 

A. The CONTRACTOR and ENGINEER shall inspect the pipe shipment upon arrival to identify 
any apparent damage to the pipe and to verify and document that the proper pipe has been 
received by recording the pipe designations marked on the pipe and by spot measuring the pipe 
inside diameter (ID) and outside diameter (OD). 

B. The CONTRACTOR shall safely unload, transport to an appropriate staging area, and store the 
pipe until needed for installation.  

C. All pipes and fittings shall be carefully handled when loading and unloading.  Lift by hoists or 
lower on skidways in a manner to avoid shock or impact.  Chains, cables, or hooks shall not be 
inserted into the pipe end.  In addition, the pipe and fittings will not be dropped during any 
phase of the work. 

D. Where required, due to weight of material and for the safety and protection of workmen, 
materials, equipment, property, and the work, use derricks, ropes, or other suitable equipment 
for lowering pipe into position. Take particular care to avoid damaging the pipe. 

E. The pipe shall be stored on a clean and level surface.  The pipe shall be set on wooden sleepers, 
spaced suitably and of such a width as not to allow deformation of the pipe at the point of 
contact with the sleeper or between the supports.  Stacking of the pipe shall be limited to a 
height which will not cause excessive deformation to the pipe under anticipated temperature 
conditions, as determined by the ENGINEER.  When pipe is stacked for storage, the heaviest 
series of pipe shall be placed at the bottom. 

F. For convenience of handling, HDPE pipe shall be protected from sunlight exposure to prevent 
possible bowing of the pipe as a result of expansion and contraction caused by uneven heating.  
Such protection shall consist of canvas covering, or other material as recommended by the 
manufacturer and approved by the ENGINEER.  Plastic sheets shall not be used which may 
allow excessive temperatures to develop where the pipe is stored. 

G. HDPE pipe and fittings shall be protected from damage by sharp objects through all phases of 
work. 

H. Products which are cracked, gouged more than 10% of the pipe wall thickness, chipped, dented 
or otherwise damaged will not be approved for installation.  If any defective pipe is discovered 
after being laid or placed, removal and replacement with a sound pipe will be required. 

I. Products that are determined to be damaged prior to the CONTRACTOR’S unloading from the 
delivery vehicle shall be reported to the ENGINEER and the OWNER, and such material shall 
be set aside for replacement by the OWNER. Products that are determined to be damaged at any 
time after the CONTRACTOR’S unloading from the delivery vehicle shall be promptly 
replaced in kind by the CONTRACTOR at no additional cost to the OWNER. 
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PART 2 MATERIALS

2.1 HIGH-DENSITY POLYETHYLENE (HDPE) PIPE AND FITTINGS 

A. All HDPE pipe and fittings shall be manufactured from virgin polyethylene resin, and shall 
conform to ASTM D3350. 

B. All polyethylene fittings shall have a pressure rating equal to or higher than the design pressure 
rating of the system. 

C. The diameter, perforations (if necessary), and SDR of HDPE pipe and fittings shall be as shown 
in the Drawings. 

D. All piping and valves shall be supported as required to provide a structurally sound installation. 

E. Electrofusion couplings may be used where typical fusion welding is impractical, subject to the 
approval of the ENGINEER. 

PART 3 EXECUTION

3.1 INSPECTION 

A. Each length of pipe and each fitting shall be carefully inspected prior to lowering into trench.  
All materials not meeting the requirements of these Specifications, or otherwise found defective 
or unsatisfactory by the ENGINEER, shall be rejected and immediately marked and removed 
from the job site by the CONTRACTOR. 

B. Bedding, subgrade, and other trench conditions shall be carefully inspected prior to laying pipe.  
All conditions shall be made available to the ENGINEER for inspection purposes, and the 
ENGINEER shall be further advised where, in the CONTRACTOR's opinion, unstable or 
otherwise deleterious conditions exist. 

C. Each stretch of completed pipeline shall be inspected prior to backfilling. Backfilling operations 
shall not be initiated prior to inspection and approval by the ENGINEER.  

D. Leachate collection system pipe (primary and secondary) shall be cleaned and camera 
inspected to verify that the system is free of obstructions and construction-related debris

E. If any defective pipe is discovered after being placed, removal and replacement with sound pipe 
will be required. 

3.2 PREPARATION 

A. Pipe and fitting interiors, joint surfaces, and gaskets shall be thoroughly cleaned prior to 
installation.  Pipes and fittings shall be maintained clean.  For HDPE pipe, a clean cotton cloth 
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shall be employed for cleaning; polyester-type materials shall not be used as they may melt 
during fusion procedures and stick to the heater. 

B. Prior to placement, the pipe locations shall be verified by the ENGINEER.  For leachate 
collection pipes, the actual number of, and location of the pipes may be modified by the 
ENGINEER based upon the actual in-place permeability of the blanket drain and the final 
configuration of the liner system.   

3.3 HDPE PIPE JOINING 

A. HDPE pipe should be joined by butt-fusion methods, having a completely uniform and 
monolithic pipe interior according to the fusion joining procedures as instructed by the 
manufacturer.  Electrofusion or mechanical joints may be used where typical fusion welding is 
impractical subject to the approval of the ENGINEER.  The CONTRACTOR shall submit the 
pipe joining procedure to the ENGINEER for approval. 

B. Each individual performing fusion joining shall have at least 1 year of experience in the use of 
the fusion procedure and be trained by the pipe manufacturer to perform the procedure.  The 
CONTRACTOR shall submit proof of the training and experience to the ENGINEER. 

C. Persons performing fusion joining shall meet the qualification requirements as specified in 
Title 49 of the Code of Federal Regulations, Part 192.285.  While these Federal regulations are 
geared towards the installation of gas piping systems, the same qualifications shall be required, 
as specified herein, for any individual performing fusion joining. 

1. The individual must make a sample joint that passes the following inspections and tests 
performed by the ENGINEER: 

 The joint must be visually examined during and after joining and found to have the 
same appearance as a photograph or sample of an acceptable joint that was joined in 
accordance with the procedure. 

 The joint must be tested or examined by one of the following methods: 

a) Pressure and tensile test as described in 49 CFR Part 192.283. 

b) Ultrasonic inspection and found to be free of flaws that would cause failure. 

c) Butt-Fusion Bend Back Test as follows: 

 Allow the joint to cool for at least one hour before subjecting the pipe to a 
severe bend test 

 Cut at least 3 longitudinal straps 1” wide through the butt fusion of the pipe 
so that a minimum of 12” of pipe remains on each side of the joint 

 Hold each strap at the ends and bend the sample until the ends touch.  A vice 
or other mechanical device may be used 
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 Continue to hold each sample in the bent position and thoroughly examine 
the entire fusion area.  If any separation, cracks or voids are observed, the 
fusion is defective 

 A joint is considered satisfactory if all bent samples are completely free of 
cracks or voids in the fusion area 

D. A person must be requalified under an applicable procedure, if during any 12-month period he: 

1. Does not make any joints under the procedure. 

2. Has three joints or 3 percent of the joints he has made, whichever is greater, that are found 
unacceptable by testing methods. 

E. The inspection of joints shall be performed by a person who has been qualified by training or 
experience to evaluate the acceptability of HDPE joints made under the applicable joining 
procedure. 

F. Randomly selected primary (carrier) pipe joints, if used, will be inspected and approved by 
the ENGINEER prior to installing piping.  All containment piping joints, if used, shall be 
visually inspected and approved by the ENGINEER after pipe placement and temporary 
backfill. 

G. Join pipe sections at ground level to a length recommended by the manufacturer such that 
maximum allowable stress, when pulling the pipe into position alongside the trench, is not 
exceeded.  Use appropriate materials and equipment, as recommended by the HDPE pipe 
manufacturer, when pulling butt-fused pipe sections alongside the trench to prevent pipe 
damage. 

H. For summertime installations it may be necessary to provide a slightly longer length of HDPE 
pipe when connections are to be made between two fixed points or structures to compensate for 
contraction of the pipe in a cooler trench bottom.  The additional pipe length requirements shall 
be in accordance with the HDPE pipe manufacturer's instructions. 

I. Couplings and/or mechanical joints shall be provided for connecting HDPE pipe to PVC pipe at 
locations as shown in the Drawings. 

J. Use of extrusion welding or other means of joining HDPE pipe by methods other than 
butt-fusion welding or electrofusion couplings will not be permitted without written approval 
by the ENGINEER. 

K. For Electrofusion Welds:  Prior to burning the weld, the pipe(s) shall be thoroughly cleaned and 
scored to remove any debris.  Use of a manufacturer-supplied or hand scraper to score the pipe 
will be required to avoid gouging the pipe thickness more than 10%. 

L. All HDPE pipe shall be internally debeaded at joints.  ENGINEER shall approve debeading 
procedure prior to implementation.  Debeading shall be performed only with equipment 
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suitable for HDPE pipe and that shall not cause gouges, deformities, or other imperfections 
that may affect pipe integrity. 

3.4 PIPE INSTALLATION 

A. Pipe installation shall be performed by skilled workers.  Each pipe laying crew shall have a pipe 
laying foreman. 

B. Pipe shall be accurately installed to the lines and grades shown on the Drawings, or as approved 
by the ENGINEER, so that inverts are smooth. 

C. When requested by the ENGINEER, a qualified field representative of the manufacturer shall 
be present at the job site for the first day of pipe joining (prefabrication) and during leakage 
testing (as applicable) to assure that proper procedures are followed. 

D. The ENGINEER shall be notified in advance whenever an existing pipeline location conflicts 
with the proposed locations of the work. 

E. Pipe and fittings of the same type shall be the products of a single manufacturer or as approved 
by the ENGINEER. 

F. Pipe Adapters - Join pipes of different materials with adapters specifically manufactured for that 
purpose and as approved by the ENGINEER, or as detailed in the Drawings. 

G. All piping shall be of the type and size as shown in the Drawings and described in this Section 
of the Specifications. 

H. Pipes and fittings shall be carefully lowered into position. 

I. Pipe and fittings shall be installed so that there will be no deviation at the joints and so that 
inverts present a smooth surface.  Pipe and fittings which do not fit together to form a tight 
fitting joint are not permitted. 

J. Pipes shall be installed in the locations and to the required lines and grades as shown in the 
Drawings and provided in these Specifications, using an approved method of control.  The 
ENGINEER has the authority to order the removal or relaying of all pipe laid contrary to the 
specifications, his instructions, or during his absence. 

K. Pipe shall not be dragged across ground surfaces in a manner that scratches the pipe.  Pipe ends 
shall be taped or otherwise closed to prevent soil or debris from entering the pipe.  Sections of 
pipe having cuts, scratches, or gouges deeper than ten percent of the wall thickness shall be 
removed at the discretion of the ENGINEER. 

L. Excavations shall be maintained free of water during the placement of pipe.  No pipes shall be 
laid in water nor shall there be any joints made up in water.  All slides or cave-ins of the 
trenches or cuts shall be remedied to the satisfaction of the ENGINEER. 

M. Cleanliness of installed pipe and fitting interiors shall be maintained throughout the Work and 
shall be inspected by the ENGINEER. 
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N. When unsuitable materials and/or conditions are encountered, the ENGINEER may direct the 
excavation to continue below grade and the trench filled with gravel or crushed stone 
foundation, or the ENGINEER may order other corrective measures. 

O. Fittings shall be installed as required and in accordance with the Drawings and Specifications.  
The installation of fittings after the pipeline has been laid will not be permitted without the 
written approval of the ENGINEER.  In such cases, complete details pertaining to the proposed 
type of fittings and the installation procedure shall be submitted by the CONTRACTOR to the 
ENGINEER for review before approval will be considered. 

P. Approval by the ENGINEER is required prior to changing the location of any of the work due 
to field conditions.  Changes in pipe sizes are prohibited without a written consent from the 
ENGINEER. 

Q. All installed piping shall form completely connected systems including connections to valves 
and appurtenances specified in other sections to result in a satisfactorily operating installation. 

R. The ENGINEER will inspect and accept all piping prior to backfill. 

S. Pressure testing of all solid-walled HDPE piping shall be performed with the exception of the 
landfill sideslope risers which are located within the landfill baseliner.  Pressure testing shall be 
performed in accordance with Part 4 of this Section. 

T. Leachate collection system pipe (primary and secondary) shall be cleaned and camera inspected 
to verify that the system is free of obstructions and construction-related debris. 

3.5 HDPE DOUBLE WALL PIPE INSTALLATION 

A. The diameter and SDR of HDPE carrier and containment pipe shall be as shown in the 
Drawings. 

B. All HDPE pipe to be installed as a dual containment piping system shall be supplied with 
HDPE centralizers for centering the carrier pipe within the containment pipe. The centralizers 
shall be manufactured from virgin polyethylene resin. The centralizers shall be suitable for 
field extrusion welding to the pipe at the manufacturer’s intervals. The HDPE centralizers 
and centralizer spacing shall be as approved by the ENGINEER.     

C. HDPE pipe and fittings within the manholes shall be flanged and gasketed connections. 
Backing rings shall be steel and be designed to conform to ANSI Class 150. All flanged 
connections shall use steel bolts of the same material as the backing rings. 

D. Leak detection riser pipes shall be connected to the containment pipe at its low points, as 
shown in the Drawings. The pipe and fittings shall be solid-walled 4-inch diameter SDR 17 
HDPE with a slip-on cap or plug and an 8-inch diameter protective Schedule 40 steel casing 
pipe with a locking cap and lock with keys. The protective casings shall be painted with rust-
inhibitive exterior grade oil base paint. The OWNER shall approve the color. 

E. Pressure testing of both the carrier pipe and containment pipe shall be performed as specified 
in Part 4 of this section. 
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3.6 HDPE SIDESLOPE RISERS AND SUMPS 

A. Primary sideslope risers shall be 24-inch nominal diameter SDR 11 HDPE pipe, or as 
specified on the engineering Drawings.  Porewater drain and secondary sideslope risers shall 
be 12-inch diameter SDR 11 HDPE pipe 

B. Sideslope risers and any pipe that must be used for insertion of equipment shall be internally 
debeaded.  ENGINEER shall approve debeading procedure prior to implementation.  
Debeading shall be performed only with equipment suitable for HDPE pipe and that shall not 
cause gouges, deformities, or other imperfections that may affect pipe integrity. 

C. A fabricated plate cover with fixed connections for leachate, power and controls with gas 
seals shall be installed on the top end of the sideslope risers within the sideriser station, as 
shown on the Drawings. 

D. Pressure testing of the sideslope risers is not required.   

3.7 CONNECTIONS TO STRUCTURES 

A. Where noted in the Drawings or as directed by the ENGINEER, the CONTRACTOR shall 
make connections to enclosures.  The use of excessive force or blunt instruments is 
prohibited in installing the pipe through the wall.  The structure shall be maintained in good 
repair.  The CONTRACTOR shall provide approved flexible and watertight connections at 
the wall as shown in the Drawings. 

B. As noted in the Drawings, the CONTRACTOR shall connect to existing pipes. 

PART 4 TESTING

4.1 PRESSURE TESTING 

A. The CONTRACTOR shall be responsible for providing hydrostatic pressure testing of all 
solid-walled HDPE pipes outside the double liner system.  

B. The tests shall be made prior to backfilling as long as continuous inspection of the backfill 
process is performed by the ENGINEER. Alternately, continuous inspection of the 
backfilling by the ENGINEER may be waived by the OWNER if pressure testing is 
performed when the pipe bedding, pipe and appurtenances have been installed and the trench 
has been backfilled. 

C. For sections of pipe which contain concrete thrust blocks, the first pressure test will not be 
conducted for at least five days following the placement of the concrete thrust blocks. The 
test results shall be to the satisfaction of the ENGINEER prior to acceptance of the pipe 
installation. 

D. Ends of sections being tested shall be tightly closed by plugs, blind flanges, gates, or 
otherwise for the duration of the tests.  The CONTRACTOR shall furnish all such material, 
supplies, apparatus, labor, and equipment as necessary for carrying out the tests and shall 
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make all necessary arrangements for securing and furnishing water for test purposes.  
Proposed test procedures shall be submitted to and approved by the ENGINEER prior to 
testing.  

E. If, during the test duration, the pressure varies significantly or a significantly lower, but 
constant, pressure is maintained, the ENGINEER will examine the pipe for leakage.  All 
leaks shall be repaired by the CONTRACTOR.  If no leakage is found, the test will be 
repeated.  The test results will be reviewed by the ENGINEER for acceptance of the pipe 
installation. 

F. All exposed pipes, fittings, joints, and other appurtenances shall be carefully examined by the 
ENGINEER.  All joints showing visible leaks shall be repaired and made watertight.  Any 
cracked or defective pipe or fitting discovered as a result of the pressure tests, shall be 
removed and replaced by the CONTRACTOR with new sound material, and the pressure test 
shall be repeated until results satisfactory to the ENGINEER are achieved. 

G. Water used in testing or flushing the piping system shall be approved by the ENGINEER.  

4.2 HYDROSTATIC PRESSURE TEST 

A. Prior to hydrostatic testing, the pipe shall be thoroughly flushed with clean water.  Before 
applying the specified test pressure, all air shall be expelled from the section being tested.  
Each section of the pipe to be tested shall be slowly filled with clean water and a test pressure 
shall be applied in a manner satisfactory to the ENGINEER. 

B. Hydrostatic testing shall consist of initial expansion and test phases.  During the initial 
expansion phase, the test section shall be pressurized to 150 percent of the design pressure or 
as approved by the ENGINEER.  Make-up water shall be added each hour for three (3) hours 
to maintain test pressure.  The volume of make-up water added during the initial expansion 
phase shall be metered and recorded. 

C. The test phase shall follow immediately after the initial expansion phase and shall be a 
minimum of one (1) hour in duration, at the discretion of the ENGINEER.  At the end of the 
test phase, the test section shall be returned to test pressure by adding a metered amount of 
make-up water.  Acceptance shall be determined on the basis of allowable make-up water as 
depicted on Table 1. 
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Table 1: Test Phase Make-Up Water Allowance 

Nominal Pipe Size 
(in) 

1 Hour Test 
(Gal/100ft of Pipe) 

2 Hour Test 
(Gal/100ft of Pipe) 

3 Hour Test 
(Gal/100ft of pipe) 

2 0.07 0.11 0.19 
3 0.10 0.15 0.25 
4 0.13 0.25 0.40 
6 0.3 0.6 0.9 
8 0.5 1.0 1.5 
10 0.8 1.3 2.1 
12 1.1 2.3 3.4 

If any pipe section discloses leakage greater than that specified, locate, repair and retest 
until within the limits specified. 

END OF SECTION 
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SECTION 02670 

PERFORATED CORRUGATED POLYETHYLENE PIPE 

PART 1 GENERAL

1.1 SECTION INCLUDES 

A. This section pertains to installation of 6-inch diameter perforated high density polyethylene 
(HDPE) drainage piping with geotextile filter and appurtenances in the final cover system.  
The work shall consist of the CONTRACTOR providing all the required materials, labor, and 
equipment to perform work in accordance with the Specifications. 

1.2 SECTION INCLUDES 

A. Section 02223– Common Trench Backfill 

B. Section 02597– Geomembrane 

C. Section 02240– Barrier Protection Layer 

PART 2 PRODUCTS 

2.1 MATERIAL REQUIREMENTS 

A. The pipe to be installed shall be a nominal 6-inch diameter perforated corrugated, 
polyethylene drainage piping, with filter wrap and fittings manufactured by ADS, or 
approved equal. 

B. The pipe shall exhibit a minimum stiffness as determined by AASHTO M252 of 35 psi at 5 
percent deflection. 

C. The pipe shall exhibit a minimum of 4 square inches of open perforation area per foot of 
length. 

D. The pipe shall be supplied with a knitted filter wrap by the manufacturer. 

E. Provide wire mesh at the exposed end of all pipes at discharge point. 
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PART 3 EXECUTION 

3.1 INSTALLATION 

A. The CONTRACTOR shall be responsible for the protection of the pipe against damage 
during transportation to the site, during storage at the site, and during installation.  Only non-
damaged pipe and filter wrap shall be included within the construction.  Any damaged 
material, as determined by the ENGINEER, shall be replaced by the CONTRACTOR at no 
cost to the OWNER. 

B. The pipe shall be laid to the lines and grades shown on the Engineering Plans. 

C. A split coupling shall be used where two pipe sections are to be coupled together. 

D. The CONTRACTOR shall wrap all fittings, couplings, elbows, tees, etc., with filter wrap and 
bond to filter wrap on pipe by methods as determined by the ENGINEER. 

E. The CONTRACTOR shall be responsible for keeping the interior of the pipe free of silt, soil 
or debris during construction. 

F. All fittings, couplings, elbows, tees, etc., shall be of the same material as the pipe and 
manufactured by the same manufacturer. 

G. After placement of pipe, CONTRACTOR shall install the protective layer. 

END OF SECTION 
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SECTION 02937 

SEEDING AND SITE RESTORATION 

PART 1 GENERAL

1.1 WORK INCLUDED 

A. The CONTRACTOR shall furnish all labor, materials, equipment, tools, and appurtenances 
required to complete the work of supplying and placing topsoil, temporary and permanent 
seeding of all areas disturbed as a result of the Work on this Contract requiring topsoil and/or 
temporary and permanent seeding, including but not limited to, the drainage improvements and 
west pond expansion and soil stockpiles, as shown on the Construction Plans and as directed by 
the ENGINEER. 

1.2 RELATED SECTIONS 

A. Section 01502 – Environmental Procedures/Soil Erosion and Sediment Control 

B. Section 02220 – Excavation 

C. Section 02224 – Structural and Miscellaneous Fill 

1.3 SUBMITTALS 

A. The CONTRACTOR shall submit seed and fertilizer tickets to the ENGINEER for approval 
before starting work.  Seed ticket shall be marked with name of project and seed analysis.  
Mark fertilizer ticket showing weight, analysis, and name of manufacturer. 

B. Additionally, the manufacturer's certification that materials meet specification requirements 
must be submitted.  Tickets will be saved by ENGINEER to verify quantities used. 

1.4 ENVIRONMENTAL REQUIREMENTS 

A. Perform seeding between March 15 and May 1, or between September 1 and October 15, 
unless permitted by ENGINEER. 

B. Do not install plants when wind velocity exceeds 30 miles per hour. 

1.5 QUALITY ASSURANCE 

A. For a period of 12 months from the date that the work under this Contract is certified 
complete, warranty all seeding and replant during this warranty period.  Replace poor stands 
of grass with the same materials as originally specified at no additional cost to the OWNER. 
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1.6 DELIVERY AND STORAGE 

A. Deliver seed in original sealed, labeled, undamaged containers showing percentage of seed 
mix, year of production, net weight, date of packaging, and location of packaging. 

PART 2 PRODUCTS

2.1 LIME 

A. Ground limestone, equivalent to 50 percent calcium plus magnesium oxides, 95 percent of 
which shall pass l00 mesh screen. 

2.2 FERTILIZER 

A. Use fertilizer for establishing turf that has a commercial designation of 10-20-10, or use any 
1-2-1 ratio fertilizer containing a minimum of 5 percent nitrogen, 10 percent available 
phosphoric acid, and 5 percent soluble potash. 

2.3 SEEDING 

A. Seed mixture: 

1. Tall Fescue (40%) 
2. Creeping Red Fescue (30%) 
3. Norcen Trefoil (10%) 
4. Perennial Ryegrass (10%) 
5. Annual Ryegrass (10%) 

B. Seed rate of 200 pounds per acre. 

C. A certificate attesting that the seed mixture is of the specified varieties and proportions shall be 
submitted to the ENGINEER.   

2.4 MULCH 

A. Unrotted salt hay, hay, or small grain straw free of undesirable seeds and coarse materials.  
Apply at a rate of 70-90 lbs per 1,000 sq. ft. (2 – 3 bales) (2 tons per acre). 

B. Wood fiber mulch made from natural wood usually with green dye and dispersing agent.  
Apply at a rate of 750 lbs per acre, when hydroseeding. 

PART 3 EXECUTION

3.1 GENERAL 

A. Examine surfaces and conditions before starting work.  Do not proceed until unsatisfactory 
surfaces or conditions have been corrected.  Start of work implies acceptance of surfaces and 
conditions upon which this work will be done. 
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B. All disturbed areas not otherwise being stabilized (e.g., stabilization of soil stockpiles to 
remain) shall receive six inches of topsoil and lime, fertilizer, seed, and mulch. 

3.2 SOIL AMENDMENTS 

A. The CONTRACTOR shall test the soil to determine the amounts of amendments needed. 

1. Lime to a pH of 6.5. 

2. The CONTRACTOR shall spread uniformly and incorporate commercial fertilizer with 
standard minimum formula of 5-10-5 at a rate of 600 pounds per acre.  Work lightly into 
surface of topsoil.  ENGINEER’s approval for commercial fertilizer shall be received 
prior to application. 

3.3 SEEDING 

A. Uniformly seed per quantities specified herein. 

B. After seeding, rake lightly with fine tooth rake, then roll with an empty steel hand roller, or 
approved equal.  Cover with rolled erosion control fabric after seeding, where specified. 

C. CONTRACTOR shall be responsible for producing a good stand of grass acceptable to the 
ENGINEER.   

3.4 HYDROSEEDING 

A. Mix specified seed, fertilizer, and fiber mulch in water, using equipment specifically designed 
for hydroseed application.  Continue mixing until uniformly blended into homogenous slurry 
suitable for hydraulic application. 

B. Mix slurry with nonasphaltic tackifier. 

C. Apply slurry uniformly to all areas to be seeded in a one (1) step process, per rates specified 
herein.   

3.5 MULCHING 

A. All seeded areas shall receive mulch, at the specified rates.  

B. If wind and rain causes mulch to blow or wash away, additional mulch shall be furnished and 
installed at no additional cost to OWNER. 

3.6 PROTECTION 

A. Foot and vehicular traffic shall be restricted from seeded areas after planting to end of 
established period.  Provide, at no additional cost to OWNER, protection of all existing 
seeded and/or grassed areas. 
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B. Any existing seeded and/or grassed area outside the limits of construction, disturbed during 
construction of this project shall be restored following procedures described in this Section at 
no additional cost to OWNER. 

3.7 MAINTENANCE 

A. Maintain and care for all seeded areas including watering, fertilizing, until a solid turf is 
established to satisfaction of ENGINEER.  Vegetation will not be considered established 
until a minimum of 80% coverage is attained. 

B. Water to prevent grass and soil from drying out. 

C. Immediately reseed areas showing bare spots. 

D. Repair washouts or gullies. 

END OF SECTION
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                DAILY FIELD REPORT 

Date:

Project:

Project No.:

Contractors(s): Weather: AM PM:

Temperature: AM: PM:

Description of field activities (include labor, equipment, site conditions, sampling, etc.)

Copies To:

Cornerstone Representative
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CONTRACTOR(S): REPORT NO:
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TEMPERATURE: AM PM

I. INSTALLED QUANTITIES IV. DESTRUCTIVE SAMPLES MARKED
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Project No.:

Material: 

Total Material Received:

ROLL LENGTH WIDTH AREA QC CERTS QC COMMENTS
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GEOSYNTHETICS INVENTORY
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CERTIFICATE OF SOIL SURFACE ACCEPTANCE

Date:

Project:

Project No.:

GEOSYNTHETIC INSTALLER

Company:

Address:

I the Undersigned, a duly authorized representative of

do hereby accept the area of soil surface bounded by

Signature: Date:

Name (print):

Title:

Signature: Date:

Name (print):

Title:

CERTIFICATE OF ACCEPTANCE RECEIVED BY CQA RESIDENT MANAGER

as an acceptable surface on which to install geosynthetic materials, and shall be responsible for 

maintaining its integrity and suitability in accordance with the project specifications from this date to the 

completion of the installation.
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List Testing Method Required:

Special Instructions (insert number to correspond with instructions):

Bill Code:
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