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FORM EQP 5111 ATTACHMENT MODULE A11 
CLOSURE AND POSTCLOSURE CARE PLANS

This document is an attachment to the Michigan Department of Environment, Great Lakes, and 
Energy’s (EGLE) Instructions for Completing Form EQP 5111, Operating License Application 
Form for Hazardous Waste Treatment, Storage, and Disposal Facilities.  See Form EQP 5111 
for details on how to use this attachment.   

The administrative rules promulgated pursuant to Part 111, Hazardous Waste Management, of 
Michigan’s Natural Resources and Environmental Protection Act, 1994 PA 451, as amended, 
(Act 451), R 299.9613 and Title 40 of the Code of Federal Regulations (CFR), Part 264, 
Subpart G, establishes requirements for the closure and, if necessary, postclosure care of 
hazardous waste management facilities.  All references to 40 CFR citations specified herein are 
adopted by reference in R 299.11003.  This license application module addresses requirements 
for the proper closure and, if necessary, postclosure care of the hazardous waste management 
units and the hazardous waste management facility for the Dow Silicones Corporation Facility in 
Midland, Michigan.  The information provided in this Module was used to prepare the closure 
and postclosure care cost estimate provided in Module A12, “Closure and Postclosure Care 
Cost Estimates.”   

This Module is organized as follows: 

A11.A CLOSURE PLAN 
A11.A.1 Closure Performance Standard 
A11.A.2 Unit-Specific Information 
Table A11.A.1 Hazardous Waste Management Unit Information 
A11.A.3 Schedule of Final Facility Closure 
A11.A.4 Notification and Time Allowed for Closure 

A11A.4(a) Extensions for Closure Time 
A11.A.5 Unit-Specific Closure Procedures 

A11.A.5(a) Closure of Container Storage Areas 
A11.A.5(b) Closure of Tank Systems 
A11.A.5(c) Closure of Surface Impoundments 
A11.A.5(d) Closure of Waste Piles 
A11.5.A(e) Closure of Landfills 
A11.5.A(f) Closure of Incinerators 
A11.5.A(g) Closure of Miscellaneous Units 
A11.5.A(h) Closure of Boilers and Industrial Furnaces 
A11.A.5(i) Other Closure Activities 

A11.A.6 Certification of Closure 
A11.A.7 Postclosure Notices Filed 

A11.B POSTCLOSURE CARE PLAN  
A11.B.1 Applicability 
A11.B.2 Postclosure Care Objectives 
A11.B.3 Postclosure Care Period Point of Contact 
A11.B.4 Postclosure Care Activities 
Table A11.B.1 Postclosure Monitoring and Maintenance 
A11.B.5 Postclosure Care Plan Amendment 
A11.B.6 Certification of Postclosure 
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List of Appendices 

Appendix A11-1 Facility Closure Schedules 
Appendix A11-2 Native Clay Test Results 
Appendix A11-3 Construction Specifications for Installation of Compacted Cover System 
Appendix A11-4 Technical Specifications for Flexible Liner Membrane and Filter Fabric 
Appendix A11-5 Drawing Y1-36615, Landfill Topography 

Drawing Y1-36620, Final Topography North – South Sections 
Drawing Y1-36619, Final Topography East – West Sections 
Drawing Y1-90671, Landfill Contours 
Drawing Y1-36625, Final Topography Peak Sections & Ditch Detail 

Appendix A11-6 Details of Landfill Final Cover/Closure/Post Closure Plans 
Appendix A11-7 Construction Quality Control/Quality Assurance Procedures for Landfill  
                                  Clay Final Cover 
Appendix A11-8 Postclosure Cap Inspection Procedure 

A11.A CLOSURE PLAN 

A11.A.1 Closure Performance Standard 
[R 299.9613 and 40 CFR §264.111] 

This Closure Plan is designed to ensure that the facility will be closed in a manner that achieves 
the following: 

a. Minimizes the need for further maintenance; and 

b. Controls, minimizes, or eliminates, to the extent necessary to protect human health and 
the environment, postclosure escape of hazardous wastes, hazardous constituents, 
leachate, contaminated runoff, or hazardous waste decomposition byproducts to the 
groundwater, surface water, or atmosphere; and, as applicable  

c. Complies with the unit-specific closure requirements for each of the following units: 

(Check as appropriate) 

 Use and management of containers R 299.9614 and 40 CFR §264.178 

 Tank systems R 299.9615 and 40 CFR §264.197  

 Surface impoundments R 299.9616 and 40 CFR §264.228  

 Waste piles R 299.9617 and 40 CFR §264.258  

 Land treatmenta R 299.9618 and 40 CFR §264.280  

 Landfill R 299.9619 and 40 CFR §264.310  
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 Incinerators R 299.9620 and 40 CFR §264.351  

 Drip padsb R 299.9621 and 40 CFR §264.575  

 Miscellaneous units R 299.9623 and 40 CFR §§264.601-603 

 Hazardous waste munitions and explosive storageb R 299.9637 and 40 CFR §264.1202 

 Boilers and industrial furnaces R 299.9808 and 40 CFR §266.102(e)(11) 

a Not included in the module 
b Not yet included in 40 CFR §264.111; therefore not considered  

This Closure Plan is for Dow Silicones Corporation (DSC’s) licensed hazardous waste facility in 
the 800 Block of the Midland site and the hazardous waste landfill located in the 800 and 1000 
Blocks of the Midland site.  This plan identifies all steps necessary to close each hazardous 
waste management unit at this facility at the end of its active life.  DSC does not plan to partially 
close any of the hazardous waste management units which are regulated at this facility.   Also 
included is a description of the post-closure care to be provided for the hazardous waste landfill 
after closure of that unit is completed. Unit-specific closure procedures are discussed in 
Section A11.A.5 of this module for each unit type indicated above. 

A11.A.2 Unit-Specific Information 
[R 299.9613 and 40 CFR §§264.112(b)(3) and (6)] 

Table A11.A.1 Hazardous Waste Management Units Information 

The following table identifies each hazardous waste management unit at the DSC facility subject 
to the closure requirements of this hazardous waste management facility operating license.  The 
table also includes:  each unit’s maximum licensed hazardous waste inventory, a list of the 
waste codes managed in the unit, the anticipated date of closure (if known), and the estimated 
duration of closure activities once closure begins.  Unit-specific methods for closure and 
detailed schedules are discussed in Section A11.A.5 of this module. 

Unit 
Designation

Maximum 
Inventory 

(Include Units)

Waste Codes of 
Hazardous 

Wastes Managed

Scheduled 
Closure 

Date

Estimated Duration 
of Closure 

801 Container 
Storage Area 

85,000-gallons 
– No hazardous 
materials are 
stored in this 
building.

N/A N/A 180 Days 

809 Container 
Storage Area 

85,000-gallons See Table A2-1 in 
Module A2 
(Chemical and 
Physical Analyses)

N/A 180 Days 

806 Tank 
Storage Area 

60,000-gallons See Table A2-1 in 
Module A2 
(Chemical and 
Physical Analyses)

N/A 180 Days 
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Landfill No hazardous 
waste disposal 
currently occurs 
in the landfill. 
Non-regulated 
wastes staged 
at the landfill for 
disposal will be 
placed in the 
active cell prior 
to closure or 
removed for 
shipment off-
site. 

See Table A2-1 in 
Module A2 
(Chemical and 
Physical Analyses) 

N/A 180 Days 

A11.A.3 Schedule of Final Facility Closure
[R 299.9613 and 40 CFR §264.112(b)(6)] 

The Dow Silicones facility: 

(Check as appropriate) 

 Anticipates completing final closure of the entire facility by [insert estimated date] 

 Has not determined when the facility will close and does not anticipate completing final 
closure of the entire facility prior to expiration of the facility’s hazardous waste operating 
license. 

Detailed Closure Schedule for Facility Closure:  A detailed breakdown showing the closure 
schedule with the anticipated time of completions for each activity is provided in Appendix A11-
1. 

A11.A.4 Notification and Time Allowed for Closure 
[R 299.9613 and 40 CFR §§264.112(d)(2) and 264.113(a) and (b)] 

Final closure activities will be initiated within 90 days of receipt of the final volume of hazardous 
wastes and completed within 180 days of receipt of the final volume of waste.  The tasks and 
estimated time required for closure shall follow the schedule specified in Section 11A.3.  The 
Director will be notified by DSC facility 60 days before final closure begins.  Final closure will be 
certified by both DSC facility and an independent, qualified, registered professional engineer of 
the state of Michigan. 

A11.A.4(a) Extensions for Closure Time 
[R 299.9613 and 40 CFR §264.113(a) and (b)] 

In the event that an extension for closure for the facility or any unit is necessary, the DSC facility will 
request an extension in accordance with the requirements of 40 CFR §264.113(a). 
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A11.A.5 Unit-Specific Closure Procedures

Unit-specific closure procedures are provided for each unit identified in Section A11.A.2 of this 
module.  

This section provides closure procedures for each Unit:  
 Container storage area; 
 Tank systems; and 
 Landfill.   

The two container storage areas, the tank system and related structures are all located on the 
landfill.  Above-ground container storage and tank system structures will be decontaminated 
and removed.  The foundations will be decontaminated and left in place for incorporation into 
the landfill when closed.  The tanks and container storage areas have secondary containment.  
Releases to soil, if known, from these regulated units and releases that would be contained in 
the secondary containment systems may be tracked and reported as necessary.  Soil sampling 
may be necessary to close these structures in the event a release to soil occurs or impacted 
soils are observed when the structures are removed.     

For the hazardous waste disposal units that were historically closed, all required notices as 
required Under 40 CFR 264.119 were filed with the US EPA Region V and/or EGLE.  The file 
notice dates and the agency to which the notices were submitted to are provided in Module B9, 
Solid Waste Management Unit (SWMU) Information, Table B9-1 (Summary of SWMUs).  

A11.A.5(a) Closure of Container Storage Areas 
[R 299.9614 and 40 CFR §264.178] 

This section describes the procedures for closure of 801 and 809 Container Storage Areas.  
The general closure requirement and specific closure procedures are discussed below. 

The 809 Building is used for storage of hazardous wastes in containers and will undergo closure 
as required at the end of its active service life, as described in this section.  Post-closure care is 
not required for this unit because all hazardous wastes will be removed, and all contaminated 
structures and equipment will be removed or decontaminated during closure.  The 801 Building 
is only used for non-RCRA regulated wastes but will be closed at the same time and in the 
same manner as the 809 Building.   

This Closure Plan will ensure that the 801 and 809 Building container storage areas will not 
require further maintenance after closure and that there will be no releases from this area of 
hazardous waste, hazardous constituents, leachate, contaminated run-off, or hazardous waste 
decomposition products to the soil, groundwater, surface waters or atmosphere after closure 
has been completed. 

The licensed storage capacity for 801 and 809 Buildings is 85,000 gallons of hazardous wastes.  
For purposes of closure calculations, it is assumed that this is stored as: 

1,518 drums X 55 gal. each = 83,500 gallons
300 lab packs X 5 gal. each =   1,500 gallons 

Total:  1,818 containers = 85,000 gallons
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A. General Closure Requirement  

Prior to closure, these units will stop accepting wastes.  At closure, all hazardous waste and 
hazardous waste residues will be removed from the containment system.  Remaining 
containers, liners, and bases containing or contaminated with hazardous waste or hazardous 
waste residues will be decontaminated or removed for proper disposal. 

B. Specific Closure Procedures 

Specific procedures for inventory management, unit inspection, decontamination, sampling and 
analysis, and additional waste management are discussed below. 

 1. Inventory and Remedial Waste Management Procedures 

At closure of these units, liquid hazardous wastes in containers will be transferred to the 
appropriate hazardous waste storage tanks prior to shipment off-site, or directly to bulk tank 
trucks for shipment to off-site licensed treatment and disposal facilities.  Those liquids that 
cannot be transferred for bulk shipment, and any solid hazardous wastes, will be shipped off-
site in containers for treatment and/or disposal at licensed facilities. 

 2. Unit Inspection Procedures  

With proper containment for any releases and an established spill response program (Module 
A7), it is unlikely that the containment area will be contaminated at the time of closure. After 
removal of all wastes in containers, the steel siding and frame will be disassembled, and the 
components visually inspected for any signs of contamination by hazardous waste or hazardous 
waste constituents. After removal of the steel building components, the remaining concrete slab 
and foundation will be visually inspected for signs of release, contamination by hazardous waste 
or hazardous waste constituents, cracks in concrete and/or stained soil.  If visual evidence of 
contamination exists, soil sampling may be required as discussed below.  After cleaning, the 
concrete foundation and floor will remain in place and will be covered with the landfill final cover.    

 3. Decontamination Procedures  

The 801 and 809 Buildings are constructed of steel siding on a steel frame, anchored to a 
concrete slab.  The buildings are not insulated, are open on one side, and contain no fixed 
equipment. 

 Decontamination procedures

After removal of all wastes in containers, the steel siding and frame will be disassembled, 
and the components visually inspected for any signs of contamination by hazardous waste 
or hazardous waste constituents.  Although contamination of the steel building components 
is unlikely, if any is detected, the contaminated portions will be decontaminated using high 
pressure water, or steam, or other cleaning method as appropriate to the type and extent of 
contamination.  The steel will then be recycled or disposed. 
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After removal of the steel building components, the remaining concrete slab and foundation 
will be visually inspected for signs of contamination by hazardous waste or hazardous waste 
constituents.  All exposed concrete will be decontaminated by high pressure water blasting, 
steam cleaning, or scarifying, or a combination of these, in order to remove as much as 
possible any visible evidence of contamination.  After cleaning, the concrete foundation and 
floor will remain in place and will be covered with the landfill final cover. 

All secondary containment for container storage areas at this facility including the spill pond 
and conveyance structures will be decontaminated by high pressure water blasting, steam 
cleaning, or scarifying, or a combination of these, in order to remove as much as possible 
any visible evidence of contamination.  All secondary containment including spill pond and 
conveyance structures will be visually inspected for any signs of contamination by 
hazardous waste or hazardous waste constituents, cracks in concrete and/or stained soil.  
After decontamination, if visual evidence of contamination exists, soil sampling may be 
required as discussed below.     

 Measures to ensure decontaminated liquids (if applicable) do not migrate to surface soils or 
surface waters 

The rinse water will be collected and placed into drums after each rinse for disposal at a 
licensed facility off-site.  No rinse water will be discharged to the facility’s wastewater sewer 
system.   

 Criteria for determining whether decontamination is complete

High pressure triple-rinsing using soap and/or sodium hydroxide solution, steam cleaning, or 
scarifying, or a combination of these and visual inspection shall be performed to verify that 
all contamination has been removed.   

 Decontamination of clean-up materials and equipment

High pressure triple rinsing and visual inspection to verify that all contamination has been 
removed are adequate for solid surfaces like tanks, piping, and coated-concrete 
containment systems.  All wastes, and water and debris resulting from cleaning of the 
concrete secondary containment floor, will be properly disposed in accordance with all 
applicable regulations.  Building components and any equipment removed will be 
decontaminated or properly disposed.  It is not planned that there will be any soils removed 
during closure. 

 4. Sampling and Analysis Procedures 

Contaminated soils associated with the container storage and tank storage areas are not 
expected because these areas have both primary and secondary containment.  If there is a 
release to soil or if impacted soil is observed, soils will be sampled in the potentially impacted 
area.  The number, depth and locations of the samples will be consistent with the conditions of 
the release and EGLE guidance.  The samples will be analyzed for parameters in accordance 
with RRD Operational Memorandum No. 2, Attachment 1 using SW-846 methods that 
commensurate with the release and all waste materials stored in the unit over time.  Soils that 
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are hazardous will be managed and disposed of properly.  Soils that are not hazardous may be 
stabilized and left in place for incorporation into the landfill upon closure.   

 5. Additional Waste Management Procedures 

Concrete and other rinseates which cannot be decontaminated will be disposed of at a licensed 
waste disposal facility. It is not expected that any soil will be removed during closure.   If 
impacted soils are found, soil that is hazardous will be managed and disposed of at an off-site 
location.  Soil that is not hazardous may be incorporated into the landfill or managed and 
disposed of at an off-site location. 

A11.A.5(b) Closure of Tank Systems 
[R 299.9615 and 40 CFR §264.197] 

This section describes the procedures for closure of 806 Tank Storage Area.  The general 
closure requirement and specific closure procedures are discussed below. 

The 806 Tank Storage Area is used for storage of hazardous wastes in tanks and for loading 
and unloading of bulk waste shipments and will undergo closure as required at the end of its 
active service life, as described in this section.  This hazardous waste management unit 
contains six storage tanks, each with a working storage capacity of 10,000 gallons.  The 
maximum inventory of hazardous waste for this unit is therefore 60,000 gallons. 

A. General Closure Requirement 

At closure of the tank system, the DSC facility will remove or decontaminate all waste residues, 
contaminated containment system components (liners, etc.), and structures and equipment 
contaminated with waste, and manage them as hazardous waste, unless 40 CFR §264.3(d) 
applies. If there is indication of impacted soil, the soil will be evaluated consistent with agency 
guidelines.  Soils that are not hazardous may be incorporated into the landfill.  Soils that are 
hazardous will be managed and disposed of properly at another facility.  

B. Specific Closure Procedures 

Specific procedures for inventory management, unit inspection, decontamination, sampling and 
analysis, and additional waste management are discussed below. 

 1. Inventory and Remedial Waste Management Procedures 
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At the time of closure of this hazardous waste management unit, the six (6) 10,000 
gallon storage tanks and ancillary equipment will be emptied of hazardous wastes, 
cleaned of all waste residues, dismantled, and removed for scrap or disposal.  Detailed 
procedures are described in this section. 

The contents of the six (6) 10,000 gallon hazardous waste storage tanks will be pumped 
to bulk tank trailers for shipment off-site to licensed treatment, storage, and disposal 
facilities. 

 2. Unit Inspection Procedures  

With proper containment for any releases and an established spill response program 
located in Module A7 (Evacuation Plan), it is unlikely that the containment area will be 
contaminated at the time of closure. 

At the time of closure, the tanks and containment structures (including spill pond and 
conveyance structures) will be inspected for residues.  Any remaining residues adhering 
to the interior of the tank and/or containment structures will be removed by high-pressure 
water blasting, which has been found to be very effective in cleaning these tanks, or by 
steam cleaning, if necessary. The containment structures will also be visually inspected 
for any signs of contamination by hazardous waste or hazardous waste constituents, 
cracks in concrete and/or stained soil.  After decontamination, if visual evidence of 
contamination exists, soil sampling may be required as discussed below.  The tanks and 
ancillary equipment will then be dismantled and removed for scrap or disposal. 

 3. Decontamination Procedures  

 List of equipment and structures to be decontaminated

Storage tanks and associated secondary containment structures. 

 Decontamination procedures

Tank Decontamination 

After pumping out as much liquid waste as possible, the remaining sludges will be 
removed and placed in containers or bulk tankers for shipment to off-site facilities, as 
follows: 

a.  Waste Solvent Tanks, #19781, 19782, 19783 and 19786 

Based on this facility’s experience with periodic tank cleanouts, it is estimated that no 
more than 2,000 pounds of sludge will remain in each of the waste solvent storage 
tanks.  Most of this material will be removed using a vacuum tank truck and/or by a tank 
cleaning crew entering the tank.  Any remaining residues adhering to the interior of the 
tank will be removed by high-pressure water blasting, which has been found to be very 
effective in cleaning these tanks, or by steam cleaning, if necessary.  The contaminated 
water generated by this process will be collected for proper disposal. 
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b.  Waste Methoxysilane Tank, #19784 

Based on previous experience in cleaning this tank, it is estimated that no more than 
2,000 lbs. of sludges will remain after pumping out the contents.   Methoxysilanes are 
moderately water-reactive, so after emptying, this tank and ancillary piping will be rinsed 
with compatible organic solvent that is low in water content.  The rinse solution will be 
pumped or vacuumed out and disposed at a licensed facility off-site.  Any remaining 
residues will consist primarily of reacted polymers and will have little or no reactivity to 
water, so further cleanout measures will use high pressure water and/or steam.  All 
contaminated water will be collected for proper disposal. 

c.  Waste IPA/Siloxane Tank, #19785  

Based on previous experience with cleaning the waste IPA/siloxane storage tank, it is 
estimated that no more than 2,000 lbs., of sludge will remain in the tank after pumping 
out the liquid contents.  The IPA/Siloxane tank will be cleaned in the same manner as 
waste solvent and waste methoxysilane tanks.   

Most of this material will be removed using a vacuum tank truck and/or by a tank 
cleaning crew entering the tank.  Any remaining residues adhering to the interior of the 
tank will be removed by high-pressure water blasting, which has been found to be very 
effective in cleaning these tanks, or by steam cleaning, if necessary.  The contaminated 
water generated by this process will be collected for proper disposal. 

Ancillary Equipment 

a.  Piping and Pumps 

Piping, pumps, valves, and any other ancillary equipment used to contain or convey 
hazardous wastes in the tank farm will be decontaminated by first rinsing with either 
water or solvent, as appropriate to the type of wastes previously contained, followed by 
final rinses with water.  If necessary, equipment may be steam cleaned to remove any 
remaining residues.  After cleaning, the equipment will be dismantled and if additional 
residues are discovered, more cleaning performed. 

b.  Tank Vents, Controls, and Gauges 

All tank vents, controls, gauges, and any other ancillary equipment that has not been in 
direct contact with hazardous wastes during normal operations will be removed, 
disassembled, and inspected for contamination.  These items will be decontaminated as 
needed, using solvent or water washes or steam cleaning to remove any residues that 
might be found. 

Concrete 

After decontamination and removal of the storage tanks and ancillary equipment, the 
secondary containment structures including the spill pond and conveyance structures at 
the tank farm will be decontaminated by pressure washing with water and/or steam as 
necessary to remove as much as possible all visible signs of contamination.  These will 
also be visually inspected for any signs of contamination by hazardous waste or 
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hazardous waste constituents, cracks in concrete and/or stained soil.  After 
decontamination, if visual evidence of contamination exists, soil sampling may be 
required as discussed below.     

Heavy construction equipment will be used to knock down the tank farm dike walls.  
Since the 806 tank farm is located on top of the hazardous waste landfill, all concrete will 
remain in place after closure and will be capped by the landfill final cover.  

Soils 

Because all tank storage and transfer operations have been provided with secondary 
containment, and because the entire area will be capped with the landfill final cover, 
removal of soil will not be necessary and is not planned. 

 Measures to ensure decontaminated liquids (if applicable) do not migrate to surface soils 
or surface waters

The rinse water will be collected and placed into drums after each rinse for disposal at a 
licensed facility off-site.  No rinse water will be discharged to the facility’s wastewater 
sewer system.   

 Criteria for determining whether decontamination is complete

High pressure triple rinsing using soap and/or sodium hydroxide solution and visual 
inspection shall be performed to verify that all contamination has been removed. 

 Decontamination of clean-up materials and equipment

Tanks 

After emptying and decontamination, the six (6) hazardous waste storage tanks will be 
disconnected from ancillary equipment, demounted from their foundations, dismantled to 
the extent possible, and cut into sections to prepare them for eventual disposal or 
recycling as scrap metal.  If, at any time during this process, additional residues of 
hazardous wastes are discovered, further decontamination will be performed using 
solvent or water washes and/or steam, as necessary to ensure thorough 
decontamination.   

All contaminated solvent rinses will be disposed or recycled at licensed off-site 
hazardous waste facilities.  Contaminated water will be tested and will either be shipped 
off-site to licensed facilities for treatment or disposal or, if the water is found to contain 
less than 250 ppm Total Organic Carbon (TOC) and less than 1000 ppm Total Oxygen 
Demand (TOD) it will be disposed in the wastewater sewer, which flows to Dow 
Chemical’s NPDES permitted wastewater treatment plant.  Contaminated solids, 
including rags, absorbents, and personal protective equipment will be shipped off-site for 
proper disposal.  
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Ancillary Equipment 

After decontamination, all piping will be dismantled and visually inspected for any sign of 
residues.  If any remaining contamination is observed, further cleaning will be performed 
using solvent or water washes and/or steam, as necessary to ensure thorough 
decontamination.  All contaminated cleanup materials will be disposed or recycled at off-
site licensed facilities.  After decontamination is completed, the piping will be cut into 
sections and properly disposed or recycled as scrap metal. 

Pumps, valves, tank vents, gauges and other ancillary equipment that may potentially be 
usable will be inspected to ensure complete decontamination, and then a determination 
made as to whether each item can be reused elsewhere in the plant.  If the item may be 
usable and it is cost-effective to reuse it, it will be rebuilt, reconditioned, or otherwise 
prepared as needed.  If it is not reusable, the item will be recycled as scrap or properly 
disposed. 

 4. Sampling and Analysis Procedures 

Contaminated soils associated with ancillary equipment are not expected but will be identified 
and managed as described for the container storage area.  

 5. Additional Waste Management Procedures 

All waste and materials will be decontaminated as part of the Closure activities.  There are no 
additional waste management procedures 

A11.A.5(c) Closure of Surface Impoundments 
[R 299.9616 and 40 CFR §264.228(a)(1) and (2)] 

DSC does not store or treat hazardous wastes in surface impoundments at this facility. 
Therefore, this section is not applicable. 

A11.A.5(d) Closure of Waste Piles 
[R 299.9617 and 40 CFR §264.258] 

DSC does not store or treat hazardous wastes in waste piles at this facility. Therefore, this 
section is not applicable. 

A11.A.5(e) Closure of Landfills 
[R 299.9619 and 40 CFR §264.310(a)] 

This section describes the procedures for closure of Landfill. The general closure requirement 
and specific closure procedures are discussed below. 

A. General Closure Requirement  
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At the final closure of the landfill, DSC will cover the landfill with a final cover designed and 
constructed to: 

1.  Provide long-term minimization of migration of liquids through the closed landfill; 
2.  Function with minimum maintenance; 
3.  Promote drainage and minimize erosion or abrasion of the cover; 
4.  Accommodate settling and subsidence so that the cover’s integrity is maintained; and 
5.  Have a permeability less than or equal to the permeability of any bottom liner system or 

natural subsoil present. 

At the final closure of the landfill or upon closure of any cell, DSC will cover the landfill with a 
final cover consistent with the specifications is R299.9619.   

Because the hazardous waste storage facility and its support structures were constructed on top 
of the inactive portion of the landfill, these structures will be removed prior to final closure of the 
landfill.  Decontaminated or uncontaminated demolition debris may be disposed in the landfill 
prior to closure.  The Closure Plan will ensure that the amount of maintenance required for the 
landfill after closure is minimized, and that post-closure releases of hazardous waste, hazardous 
constituents, leachate, contaminated run-off, or hazardous waste decomposition products to the 
soil, groundwater, surface waters or atmosphere will be prevented or minimized to the extent 
necessary to protect human health and the environment, after closure has been completed.  
Collection of landfill leachate for treatment, and groundwater monitoring are provided to ensure 
protection of groundwater and surface waters.  Operation of the Site Interceptor System, 
described in detail in Module B2 (Corrective Action), further ensures that no contamination will 
migrate off-site.  The SIS will be operated until concentrations in water collected by the SIS are 
less than or equal to applicable Part 201 criteria or until a system that provided a similar degree 
of protection for adjacent properties is functioning.    

DSC does not currently use the landfill for disposal of hazardous wastes and does not anticipate 
doing so prior to closure.  If DSC should wish to resume disposal of hazardous wastes in the 
landfill, prior approval will be sought from EGLE and the Closure Plan will be amended to reflect 
this change.  Until such time, no hazardous wastes are staged for disposal at the landfill, so 
there is no inventory of hazardous wastes to be removed during closure. 

Non-RCRA regulated wastes staged at the landfill for disposal will be placed in the active cell 
prior to closure, in accordance with normal landfill operating procedures, or removed for 
shipment off-site.  There is no process equipment and no structures associated with the 
operation of the active portion of the landfill, so there are none to be removed or 
decontaminated.  Removal of other hazardous waste management units located on inactive 
portions of the landfill has been described in previous portions of this Closure Plan.  Removal of 
other structures and equipment is described below.  Non-hazardous soils present at the landfill 
may be incorporated into the landfill and capped with the final cover. 

After final closure, DSC will comply with all postclosure requirements contained in R 299.9613 
and 40 CFR §264.117, including maintenance and monitoring throughout the postclosure care 
period. 

B. Specific Closure Procedures 
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The final landfill cover design, the construction quality assurance program for installing the final 
landfill cover, and plat of survey are presented below. 

1. Landfill Cover Design 

This section describes how the landfill will be closed and how the final cover will be constructed.  
Final closure of the landfill will control leachate migration by minimizing production of leachate, 
and by maintaining the existing leachate collection system.  Groundwater monitoring in the area 
of the closed landfill during the post-closure period will evaluate if all leachate is being 
effectively collected and treated.  All leachate is discharged to the licensed wastewater 
treatment facility at Dow Chemical for proper treatment. 

COVER DESIGN 

The cover system that will be installed at closure is designed to: 

 Provide effective, long term minimization of liquid migration through the closed 
landfill; 

 Promote drainage and minimize erosion and abrasion of the cover; 
 Ensure that any settling and subsidence do not impair the integrity of the cover; and 
 Satisfy regulatory requirements for permeability. 

The construction of the cover system will begin after the final volume of waste has been placed 
in the active cell and covered.  Maximum permitted final grades of the landfill are shown on 
drawing Y1-36615 in Appendix A11-5; however, closure may be established below the 
maximum grades as long as the maximum slope is greater than 4% and less than 4 horizontal 
:1 vertical.  A final closure grading plan will be submitted for approval prior to closure activities.  
The landfill will then be surveyed, monitored for settlement, and repaired as necessary to 
provide a stable base for the cover system.  A cover consistent with requirements of Rule 
299.9619(6)(a) will be placed over the landfill.   

A layer of low permeability clay, three feet (90 centimeters) thick, will then be applied over the 
entire top area of the landfill.  The hydraulic conductivity of this clay layer after compaction will 
be less than or equal to 1.0 x 10-7 cm/sec. The hydraulic conductivity of the clay used in 
constructing the cover will also be less than or equal to that of the native clay used in 
constructing the liner of the landfill.  Appendix A11-2, Native Clay Test Results, lists the test 
results of native clays available on site for use in constructing the cover, showing that the clays 
tested meet or exceed the requirements of MAC R 299.9620(3).  

Alternatively, a geosynthetic clay liner (GCL) may be used as a full or partial replacement for the 
recompacted clay layer.  A demonstration of the equivalency of the GCL will be submitted for 
approval along with the final closure grading plan.  A reinforced GCL will be used in areas 
where the slope is greater than 10 percent.   
A smooth 60 mil very low-density polyethylene (VLDPE) membrane will be installed over the 
recompacted clay and/or GCL, on the top section of the cover, and a textured (both sides) 60 
mil VLDPE liner, or equivalent, will be installed over the recompacted clay and/or GCL on the 
25% sloping bank at the sides of the landfill.  Linear Low-Density Polyethylene (LLDPE) is 
considered a current equivalent of VLDPE.  These synthetic membranes will protect the clay 
cap from moisture variation and further decrease permeability of the cover. 
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Over the synthetic membrane, a drainage layer will be installed.  The drainage layer will consist 
of at least 30 cm of sand, topped with an eight ounce, non-woven, needle-punched filter fabric, 
or a geocomposite drainage layer.  A demonstration of the equivalency of the geocomposite 
drainage layer will be submitted for approval along with the final closure grading plan. The 
vegetative layer will consist of at least six inches of vegetative support soil topped with at least 
15 cm of topsoil, for a total of 60 cm of soil and drainage layer over the Flexible Liner Membrane 
(FLM).  After installation, the topsoil will be planted with shallow rooted grasses to reduce 
erosion.  

COVER CONSTRUCTION 

Construction of the landfill final cover will be carried out in accordance with the plan detailed in 
Appendix A11-3, Construction Specifications for Installation of Compacted Cover System, and 
Appendix A11-4, Technical Specifications for FLM and Filter Fabric.  See also Appendix A11-5 
for drawings detailing the construction and contours of the final cover and Appendix A11-6 for 
technical calculations 

COVER MAINTENANCE 

The final cover will require only minimum maintenance to ensure its integrity.  It will be covered 
with topsoil and seeded with grass to minimize erosion; it is not intended that the grass will be 
mowed; however, the side slopes will be constructed to a slope of no greater than one foot rise 
in four feet of run, to meet MIOSHA mowing specifications. 

DRAINAGE AND EROSION PROVISIONS 

The final top cover will be constructed with a minimum slope of 4 to promote drainage and 
eliminate ponding to minimize the hydraulic head on the cap.  Drainage of precipitation from the 
top cover and slopes will run off into the perimeter drainage ditches, which are designed to 
adequately contain the runoff from a one hour, 25-year rainfall.   

The perimeter drainage ditches flow to catch basins connected to the site storm sewer system 
and then to the site’s storm water retention pond from which water may be discharged either to 
the wastewater sewer, for treatment if necessary, or to Lingle Drain for discharge to surface 
waters.  To prevent contamination of surface waters, whenever storm water has been 
accumulated in the retention pond it is tested before discharge.  See Appendix A11-6, Details of 
Landfill Final Cover and drawing (Y1-36625) in Appendix A11-5, for details of the drainage of 
the final cover and surrounding ditches. 

Erosion of the final cover is minimized by seeding with grass, as described previously. 

SETTLEMENT AND SUBSIDENCE 

Recompacted clay cap will be constructed in lifts of no greater than 25 cm thickness, loose 
measure prior to compacting, and each lift will be systematically compacted to 90% of the clay’s 
maximum density, as determined by the Modified Proctor Test (ASTM D-1557).  During post-
closure the cover system will be inspected regularly, as described in A11.B of this section, and 
any observed settlement will be promptly repaired. 
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2. Construction Quality Assurance (CQA) Program 

See Appendix A11-7 for the Construction Quality Control/Quality Assurance Procedures for 
Landfill Clay Final Cover and the Quality Assurance Manual for Final Cap Geosynthetic Liner 
System Installation 

3. Plat of Survey  

No later than the submission of the certification of closure for the landfill, DSC will submit to the 
Midland County Department of Planning, and to the Chief of the Waste Management Division, a 
survey plat indicating the locations and dimensions of the landfill cells with respected to 
permanently surveyed benchmarks.  This plat will also contain a note, prominently displayed, 
which states the owner’s or operator’s obligation to restrict disturbance of the closed landfill 
cells, in accordance with applicable regulations in 40 CFR 264, Subpart G. 

A11.A.5(f) Closure of Incinerators 
[R 299.9620 and 40 CFR §264.351] 

DSC does not treat hazardous wastes in incinerators at this facility. Therefore, this section is not 
applicable. 

A11.A.5(g) Closure of Miscellaneous Units 
[R 299.9623 and 40 CFR §§264.601 through 264. 603] 

DSC does not have miscellaneous units at this facility. Therefore, this section is not applicable. 

A11.A.5(h) Closure of Boilers and Industrial Furnaces (BIF) 
[R 299.9808 and 40 CFR §266.102(e)(11)] 

DSC does not have boilers and industrial furnaces at this facility. Therefore, this section is not 
applicable. 

A11.A.5(i) Other Closure Activities
[R 299.9504(1)(c), R 299.9508(1)(b), and R 299.9613(1) and 40 CFR §§270.14(b)(13) 
and 264.112(b)(5)} 

A final round of sampling will be completed to verify that the regulated units meet relevant standards.  
No other closure activities are anticipated.

A11.A.6 Certification of Closure  
[R 299.9613] 
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Within 60 days of completion of closure DSC will submit to the Director, by registered mail, a 
certification that the hazardous waste management unit or facility, as applicable, has been 
closed in accordance with the specifications in the approved closure plan.  The certification will 
be signed by DSC and by an independent registered professional engineer.  Documentation 
supporting the independent registered engineer’s certification will be furnished to the Director in 
accordance with R 299.9613(3), including: 

1. The results of all sampling and analysis; 
2. Sampling and analysis procedures; 
3. A map showing the location where samples were obtained; 
4. Any statistical evaluations of sampling data; 
5. A summary of waste types and quantities removed from the site and the destination of 

these wastes; and 
6. If soil has been excavated, the final depth and elevation of the excavation and a 

description of the fill material used. 

The certification wording will be as follows:  

I certify under penalty of law that this document and all attachments were prepared under my 
direction or supervision in accordance with a system designed to assure that qualified personnel 
properly gather and evaluate the information submitted.  Based on my inquiry of the person or 
persons who manage the system, or those persons directly responsible for gathering the 
information, the information submitted is, to be the best of my knowledge and belief, true, 
accurate, and complete.  I am aware that there are significant penalties for submitting false 
information, including the possibility of fine and imprisonment for knowing violations. 

The DSC facility will maintain financial assurance for closure until the Director releases the DSC 
facility from the financial assurance requirements for closure under R 299.9703.

A11.A.7 Postclosure Notices Filed
[R 299.9504(1)(c) and R 299.9508(1)(b) and 40 CFR §270.14(b)(14)] 

DSC will provide documentation that the postclosure notices required under 40 CFR §264.119 
have been filed for hazardous waste disposal units that have been closed at the facility.  These 
notices include the following: 

Record of Wastes Disposed [40 CFR 270.14(b)(14), 264.119(a), MAC R 299.9613(1)] 

Within 60 days after certification of closure of the hazardous waste landfill, DSC will submit to 
the Midland County Department of Planning and the Director of the EGLE, a record of the type, 
location, and quantity of hazardous wastes disposed of within each landfill cell. 

Within 60 days of certification of closure of the hazardous waste landfill, DSC will record a 
notation on the deed to the facility property, or on some other instrument which would be 
normally examined during title search, notifying any potential future purchaser of the property 
that: 

 The property has been used to manage hazardous wastes; and 
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 The use of the property is restricted under the provisions of 40 CFR Subpart G 
regulations; and 

 The survey plat and record of the type, location, and quantity of hazardous wastes 
disposed of within each cell of the landfill have been filed with the Midland County 
Department of Planning and the Director of EGLE.  

DSC will submit a certification, signed by an authorized representative, that the notation 
described above has been recorded, with a copy of the notation to accompany the certification. 

Modification of Post-Closure Permit [40 CFR 270.14(b)(14), 264.119(c), MAC 
R 299.9613(1)] 

If DSC chooses to remove from the landfill any hazardous wastes, hazardous waste residues, 
the landfill liner, or any contaminated soils, a modification will be requested to the Post-Closure 
Plan in accordance with all applicable requirements, including those at 40 CFR 124, 270, and 
264.117(c).  

Certification of Completion of Post-Closure Care [40 CFR 270.14(b)(14), 264.120, MAC 
R 299.9613(5)] 

The post-closure care period for the hazardous waste landfill will be 30 years after the closure of 
the hazardous waste landfill. Within 60 days after completion of the established post-closure 
care period for the hazardous waste landfill, DSC will submit to the Director of EGLE, by 
registered mail, a certification that the post-closure care period for the landfill was performed in 
accordance with the specifications in the approved Post-Closure Plan.  This certification will be 
signed by an authorized representative of DSC and an independent, registered, professional 
engineer.  Documentation supporting the professional engineer’s certification will be supplied to 
the Director of EGLE upon request until he releases DSC from the final assurance requirements 
for post-closure care. 

A11.B POSTCLOSURE PLAN
[R 299.9613 and 40 CFR §264.118] 

A11.B.1 Applicability 
(Check as appropriate) 

Not applicable:  Hazardous waste will not be left behind at closure.  A survey plat, 
postclosure care, postclosure certifications, and other notices are not required. 

Applicable: 

 Contingent plan 
 Landfill unit 

A11.B.2 Postclosure Care Objectives

The DSC facility will complete the activities listed in Table A.11.B.1 in order to achieve the 
following: 
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1.  Maintain the integrity and effectiveness of the final cover, including making repairs to the 
cap as necessary to correct the effects of settling, subsidence, erosion, or other events; 

2.  Operate the leachate collection and removal system until leachate is no longer 
generated by landfill or concentrations of constituents in the leachate are less than 
applicable Part 201 criteria; 

3.  Maintain and monitor the leak detection system in accordance with R 299.9613 and 
40 CFR §§264.301(c)(3)(iv) and (4) and 264.303(c), and comply with all other applicable 
leak detection system requirements of this part.  This landfill was constructed prior to 
January 29, 1992 and has had no horizontal expansions since that date. The landfill is 
therefore exempt from the requirements of 40 CFR 264.301© for use of a double 
synthetic liner and leak detection system; 

4.  Maintain and monitor the groundwater monitoring system and comply with all other 
applicable requirements of R 299.9612 and 40 CFR, Part 264, Subpart F; 

5.  Prevent run-on and run-off from eroding or otherwise damaging the final cover; and 
6.  Protect and maintain surveyed benchmarks used in complying with R 299.9613 and 

40 CFR §264.309. 

A11.B.3 Postclosure Care Period Point of Contact

The planned monitoring and maintenance activities and the associated frequencies are 
designed to ensure the integrity of the cap and final cover system and the proper functioning of 
the monitoring system for each unit listed in Table A11.B.1.   

Because closure of the landfill is not planned, the contact person or office for the post-closure 
care period will not be designated at this time.  Prior to closure of the landfill, at the time of the 
filing of the notification of closure and final, updated closure plan, the contact person or office for 
post-closure care will be designated. 

A11.B.4 Postclosure Care Activities 

Table A11.B.1 Postclosure Monitoring and Maintenance 

The following table identifies, for each unit requiring postclosure care, planned monitoring and 
maintenance activities and the frequency at which these activities will be performed. 

Unit 
Planned 

Monitoring 
Activities 

Frequency 
Planned 

Maintenance 
Activities 

Frequency 

Landfill, 806 
Tank Farm, 
801 & 809 
Container 
Storage 
Areas 

Groundwater 
Monitoring 

Semiannual As Needed (see 
Module A11, 
Section 
A11.B.4) 

As Needed 

Landfill Leachate Monitoring Quarterly As Needed (see 
Module A11, 
Section 
A11.B.4) 

As Needed 
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Lingle Drain 
upstream & 
downstream 
from the 
regulated 
unit

Surface Water 
Monitoring 

Annual for 
minimum of five 
years 

As Needed (see 
Module A11, 
Section 
A11.B.4) 

As Needed 

Landfill Landfill Cover 
Inspection 

Twice each year 
for the first 3-5 
years 

As Needed (see 
Module A11, 
Section 
A11.B.4) 

As Needed 

Drainage 
Ditch 

Perimeter Drainage 
Ditch Inspection 

Quarterly As Needed (see 
Module A11, 
Section 
A11.B.4) 

As Needed 

Planned Monitoring Activities [40 CFR 270.14(b)(13), 264.118(b)(1), MAC R 299.9613(1)] 

Post-closure monitoring of the landfill will be carried out by sampling a series of groundwater 
monitoring wells, the leachate collection system, and Lingle Drain, which is the nearest surface 
water.  Monitoring plans for each are described below.  The condition of the landfill final cover 
and perimeter drainage ditches will also be monitored by inspection, as described below. 

1. Groundwater Monitoring 

The purpose of the groundwater monitoring program is to detect the migration of 
hazardous waste or hazardous waste constituents from materials disposed in the landfill 
so that actions can be taken to halt the release.  Parameters chosen for monitoring are 
based on knowledge of the types of wastes previously disposed in the landfill and/or 
present in the landfill leachate.  The current monitoring program is described in Module 
B5, “Environmental Monitoring Programs”, of this license application.  Post-closure 
groundwater monitoring will be a continuation of the monitoring program, with 
appropriate revisions.  Groundwater monitoring wells and equipment will be maintained 
during the post-closure care period. 

2. Leachate Monitoring 

The purpose of the leachate monitoring program is to detect changes in concentrations 
of hazardous waste or hazardous waste constituents in the leachate before those 
wastes or constituents can reach groundwater, so that appropriate remedial action can 
be taken.  The groundwater monitoring program is described in Module B5, 
“Environmental Monitoring Programs”, of this license application.  Post-closure leachate 
monitoring will be a continuation of the current monitoring program with appropriate 
revisions.  The leachate collection system and sampling points will be maintained during 
the post-closure care period. 

3. Surface Water Monitoring 

The purpose of the surface water monitoring program is to detect the migration of 
hazardous waste or hazardous waste constituents from the landfill to the nearest surface 
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water, so that appropriate remedial action can be taken.  The surface water monitoring 
program is described in Module B5, “Environmental Monitoring Programs”, of this license 
application.  Post-closure monitoring will be a continuation of the monitoring program 
with appropriate revisions.   

4. Landfill Final Cover Inspection 

The condition of the final cover will be inspected twice each year for the first 3-5 years of 
the post-closure period.  If the cover and sidewalls are well maintained and show good 
stability, and the volume of leachate collected is reduced by 80-90% from average 
volumes collected prior to closure, then a proposal will be submitted to EGLE for 
approval requesting the inspection frequency be reduced to once each year.  The 
inspection frequency change will not be implemented until approval is received by 
EGLE.  Detailed inspection procedures are described in Appendix A11-8.  Survey 
benchmarks used in establishing monitoring well and landfill elevations will also be 
maintained during the post-closure care period.  DSC maintains a record of wastes 
placed in the landfill and their location with respect to permanently surveyed benchmarks 
in accordance with 40 CFR 264.309 & 310, as described in Module C3, Use and 
Management of Landfill, Section C3.G. 

5. Perimeter Drainage Ditch 

The perimeter drainage ditches are used to control run-on and runoff of water at the 
landfill.  In order to ensure proper functioning, the drainage ditches will be inspected 
quarterly for any potential drainage problems, such as ditch erosion or blockage. 
Detailed inspection procedures are described in Appendix A11-8. 

Planned Maintenance Activities [40 CFR 270.14(b)(13), 264.118(b)(2), MAC R 299.9613(1)] 

Maintenance activities in the post-closure period will be performed as needed, based on the 
results of monitoring and inspection activities described above.  Expected maintenance 
activities are described below. 

Landfill Cover Maintenance [40 CFR 270.14(b)(13), 264.118(b)(2)(i), MAC R 299.9613(1)] 

Based on the results of the landfill final cover, sidewall and perimeter ditch inspections, as 
described in Appendix A11-8, repairs will be made as needed during the post-closure care 
period to maintain the integrity of the closed unit.  Maintenance activities may include seeding 
and mulching, erosion repair, cleaning of ditches and catch basins and the use of erosion 
control mats on the landfill sidewalls, if needed. 

Monitoring Equipment Maintenance [40 CFR 270.14(b)(13), 264.118(b)(2)(ii), MAC 
R 299.9613(1)] 

Routine maintenance for this system will include cleaning of the leachate collection pipes and 
manholes.  Repairs to leachate piping, the flow measuring system, and manholes will be 
performed as needed, based on observations made during sampling and at regular landfill 
inspections. 
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Shallow and deep groundwater monitoring wells will be maintained throughout the post-closure 
care period to permit continued monitoring as required.  The Waste Management Division will 
be notified if any wells must be replaced due to damage.  Survey benchmarks used in 
establishing monitoring well and landfill elevations will also be maintained during the post-
closure care period. 

A11.B.5 Postclosure Care Plan Amendment 
[R 299.9613 and 40 CFR §264.118(d)] 

The Postclosure Care Plan will be amended whenever: 

1.  Changes in the operations or facility design will affect closure and postclosure care; or 
2.  There is a change in the expected year of closure, if applicable; or
3.  Unexpected events during closure require a modification to the plan; or
4.  The monitoring is ineffective or inefficient.

A11.B.6 Certification of Postclosure
[R 299.9613] 

Within 60 days of completion of postclosure care DSC will submit to the Director, by registered 
mail, a certification that postclosure care for the hazardous waste management unit or facility, 
as applicable, has been completed in accordance with the specifications in the approved 
postclosure plan.  The certification will be signed by the owner/operator of Dow Silicones and by 
an independent registered professional engineer.  Documentation supporting the independent 
registered engineer’s certification will be furnished to the Director in accordance with 
R 299.9613(5).  The DSC facility will maintain financial assurance for postclosure until the 
Director releases the DSC facility from the financial assurance requirements for postclosure 
under R 299.9703 and 40 CFR §264.143(i). 

The certification must be worded as follows:

I certify under penalty of law that this document and all attachments were prepared under my 
direction or supervision in accordance with a system designed to assure that qualified personnel 
properly gather and evaluate the information submitted.  Based on my inquiry of the person or 
persons who manage the system, or those persons directly responsible for gathering the 
information, the information submitted is, to be the best of my knowledge and belief, true, 
accurate, and complete.  I am aware that there are significant penalties for submitting false 
information, including the possibility of fine and imprisonment for knowing violations.
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1.0   GENERAL 
 
1.1   SCOPE 
 
This plan addresses the quality assurance procedures for the installation of the geosynthetic components 
of the final cap lining system at the Dow Corning Facility in Midland, Michigan.  The Construction 
Quality Control/Quality Assurance Procedures for Landfill Clay Final Cover addresses the soil 
components of the final cover.  Adherence to this plan should ensure both the proper implementation of 
construction techniques and the conformance of all materials with the applicable project specifications.   
 
This Quality Assurance Plan (QAP) establishes a protocol by which problems can be identified and 
corrected prior to the completion of construction.  To award completion, the program requires a 
certification report indicating that the facility has been constructed in accordance with the approved 
design standards and specifications.  All testing required by this QAP shall be conducted in accordance 
with the latest revision of the referenced ASTM or other standard.  The Certifying Engineer designated by 
the Owner shall prepare this report from the information gathered through the course of implementing this 
plan.   
 
In the context of this manual, quality assurance refers to the means and actions employed by the Owner to 
ensure that the installation of the lining system conforms to all contractual and regulatory requirements.  In 
contrast, quality control refers only to those actions provided by the manufacturers, suppliers, contractors and 
installers of the various components of the lining system to ensure that materials and workmanship meet the 
requirements of the project plans and specifications. 
 
1.2   PARTIES 
 
This section discusses the parties associated with the ownership, design, supply, manufacture, transportation, 
installation, and quality assurance of the lining system, each of whom shall receive a complete copy of this 
QAP or pertinent sections thereof.  The definitions, responsibilities, qualifications, and submittals required of 
these parties are outlined in the following subsections.   
 
1.2.1   Project Manager 
 
1.2.1.1   Definitions 
 
As the official representative of the Owner, the Project Manager shall coordinate construction and quality 
assurance activities for the project.  
 
1.2.1.2   Responsibilities 
 
The Project Manager is responsible for coordination of all construction quality assurance activities, including 
the selection or approval of the Earthwork Contractor, Geosynthetic Installer, Quality Assurance Consultant 
and the Quality Assurance Laboratory.   
 
The Project Manager shall serve as communications coordinator for the project, initiating the pre-construction 
and progress meetings outlined in Section 1.3 and serving as a liaison between all parties involved in the 
project.  The Project Manager shall also be responsible for proper resolution of any quality assurance issue 
that may arise during construction.   
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1.2.1.3   Qualifications 
 
The Project Manager shall be familiar with this QAP, general earthwork and geosynthetic installation 
techniques, and all applicable regulatory requirements. 
 
1.2.2   Designer 
 
1.2.2.1   Definitions 
 
The Designer is the individual and/or firm who prepare the engineering design and associated project plans 
and specifications for the lining system.   
 
1.2.2.2   Responsibilities 
 
In addition to the initial engineering design and specifications for the lining system, the Designer is also 
responsible for approving all design and specification changes and for making design clarifications required 
during construction of the lining system, as directed by the Project Manager. 
 
1.2.2.3   Qualifications 
 
The Designer shall be a qualified engineer, certified or licensed as required by regulation.  The Designer shall 
be familiar with the detailed design methods and procedures related to the use of soils and/or geosynthetics 
and with all applicable regulatory requirements.   
 
1.2.2.4   Submittals 
 
The Designer shall submit the project plans, specifications and associated engineering reports to the Project 
Manager.  Upon request, the Designer shall also submit completed design clarification forms to the Project 
Manager in a timely manner.  Other information may also be required by the Owner.  
 
1.2.3   Geosynthetic Manufacturer  
 
1.2.3.1   Definitions 
 
The Manufacturer is the firm which produces any of the various geosynthetic lining system components 
outlined in this QAP.  In the case of a geocomposite, the Manufacturer is the firm that combines the 
components into the final product. 
 
1.2.3.2   Responsibilities 
 
Each Manufacturer (unless there is a Fabricator) is responsible for the condition of the geosynthetic product 
until the material is accepted by the General Contractor upon delivery (or by the Fabricator, if applicable).  
Each Manufacturer shall produce a consistent product that meets the project specifications.  
 
1.2.3.3   Qualifications 
 
Each Manufacturer shall: 
 
1. Be pre-qualified and approved by the Owner.   
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2. Provide sufficient production capacity and qualified personnel to meet the demands of the project.   
 
3. Have an internal quality control program for its product that meets the requirements presented in this 

QAP. 
 
1.2.3.4   Submittals 
 
Pre-qualification:  At a minimum, the Manufacturer shall meet the following requirements and shall submit 
the following information to the Project Manager to be considered for pre-qualification: 
 
1. Corporate background and information.  The Manufacturer shall have at least five years continuous 

experience in the manufacture of the geosynthetic products specified for this project. 
 
2. The Manufacturer shall have at least five years continuous experience in the manufacture of the 

geosynthetic products specified for this project.  Information on manufacturing capabilities shall include 
the following: 

 a. Information on plant size, equipment, personnel, number of shifts per day, and capacity per shift. 
 b. Daily production quantity of the specified product available for the Owner’s facilities. 
 c. A list of material properties including certified test results with attached geosynthetic samples. 
 d. A list of at least 10 completed facilities totaling a minimum of 10,000,000 ft2 (1,000,000 m2), for 

which the Manufacturer has manufactured the specified geosynthetic.  For each facility, the 
following information shall be provided: 

  (1) Name and purpose of facility, its location and date of installation. 
  (2) Name of Owner, Project Manager, Designer, Installer (if known) and Fabricator (if any). 
  (3) Type of geosynthetic and surface area of geosynthetic manufactured. 
  (4) Available information on the performance of the lining system. 
 
3. The Manufacturer’s quality control manual, including a description of the quality control laboratory 

facilities.  
 
4. The origin (supplier’s name and production plant) and identification (brand name and number) of resin 

used to manufacture the product. 
 
Additional information may need to be submitted if requested by the Project Manager. 
 
Pre-installation:  Ten (10) days prior to the delivery of the geosynthetic material to the site, the Manufacturer 
shall submit to the Project Manager all quality control documentation required by the appropriate section of 
this QAP.  This documentation shall be reviewed by the Geosynthetic Quality Assurance Consultant as 
outlined in Section 1.2.8 of this QAP prior to installation. 
 
1.2.4   Aggregate Supplier (if applicable) 
 
1.2.4.1   Definitions 
 
The Aggregate Supplier is the firm that provides to the General Contractor the aggregate required for the 
drainage layer of the liner system.   
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1.2.4.2   Responsibilities 
 
Each supplier is responsible for the aggregate until accepted by the General Contractor upon delivery.  Each 
supplier shall provide aggregate that meets the project specifications.  
 
1.2.4.3   Qualifications 
 
Each Supplier shall: 
 
1. Be approved by the Owner.   
 
2. Have sufficient aggregate stockpiles or borrow sources to meet the demands of the project.   
 
1.2.4.4   Submittals 
 
Pre-qualification:  At a minimum, the Supplier shall meet the following requirements and shall submit the 
following information to the Project Manager to be considered for pre-qualification: 
 
1. Corporate background and information. 
 
2. Material evaluations to ensure that the aggregate can meet the specifications. 
 
3. The Project Manager may also request evidence that the Supplier has an approved erosion and 

sedimentation plan. 
 
Additional information may need to be submitted if requested by the Project Manager. 
 
1.2.5   Fabricator (if applicable)  
 
1.2.5.1   Definitions 
 
The Fabricator is responsible for the assembly of geomembrane panels from rolls or sheeting supplied by the 
Manufacturer. 
 
1.2.5.2   Responsibilities 
 
Each Fabricator is responsible for the condition of the geosynthetic product until the material is accepted by 
the Project Manager upon delivery.  Each Fabricator shall produce a consistent product that meets the project 
specifications.  
 
1.2.5.3   Qualifications 
 
Each Fabricator shall: 
 
1. Be pre-qualified and approved by the Owner.   
 
2. Be approved and/or licensed by the Manufacturer. 
 
2. Provide sufficient fabrication capacity and qualified personnel to meet the demands of the project.   
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3. Have an internal quality control program for its product that meets the requirements presented in this 
QAP. 

 
1.2.5.4   Submittals 
 
Pre-qualification:  At a minimum, the Fabricator shall meet the following requirements and shall submit the 
following information to the Project Manager to be considered for pre-qualification: 
 
1. Corporate background and information.   
 
2. The Fabricator shall have at least five years continuous experience in the fabrication of the specified 

geosynthetic.  Information on fabrication capabilities shall include the following: 
 a. Information on plant size, equipment, personnel, number of shifts per day, and capacity per shift. 
 b. Daily production quantity of the specified product available for the Owner’s facilities. 
 c. A list of material properties including certified test results with attached geosynthetic samples. 
 d. A list of at least 10 completed landfill or surface impoundment facilities totaling a minimum of 

10,000,000 ft2 (1,000,000 m2), for which the Fabricator has assembled the specified geosynthetic.  
For each facility, the following information shall be provided: 

  (1) Name and purpose of facility, its location and date of installation. 
  (2) Name of Owner, Project Manager, Designer, Manufacturer and Installer (if known). 

(3) Type of geosynthetic and surface area of geosynthetic manufactured. 
(4) Type of seaming and seaming apparatus used. 
(5) Available information on the performance of the lining system. 

 
3. The Fabricator’s quality control manual, including a description of the quality control laboratory 

facilities.  
 
Additional information may need to be submitted if requested by the Project Manager. 
 
Pre-installation:  Ten (10) days prior to the delivery of the geosynthetic material to the site, the Fabricator shall 
submit to the Project Manager all quality control documentation required by the appropriate section of this 
QAP.  This documentation shall be reviewed by the Geosynthetic Quality Assurance Consultant as outlined in 
Section 1.2.8 of this QAP prior to installation. 
 
1.2.6   General Contractor 
 
1.2.6.1   Definitions 
 
The General Contractor will be responsible for coordination of all work activities performed by the Earthwork 
Contractor, the Geosynthetics Installer, and the Quality Assurance Consultant.  The General Contractor shall 
be responsible for maintaining the schedule established for the project.  The General Contractor’s 
Superintendent may act as the General Contractor’s representative at all site meetings and may serve as the 
General Contractor’s spokesman on the project.   
 
The General Contractor and the Earthwork Contractor may be the same party. 
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1.2.6.2   Responsibilities 
 
The General Contractor is responsible for the coordination of all activities required to complete the work.  The 
General Contractor may also be responsible for supplying and transporting materials, as outlined in the project 
specifications.   
 
1.2.6.3   Qualifications 
 
The General Contractor shall be: 
 
1. Pre-qualified and approved by the Owner.   
 
2. Able to provide qualified personnel to meet the demands of the project, including a Superintendent with 

applicable experience and proven management ability and authority. 
 
1.2.6.4   Submittals 
 
Pre-qualification:  At a minimum, the General Contractor shall meet the following requirements and submit 
the following information to the Project Manager to be considered for prequalification: 
 
1. Company background and information 
 
2. Demonstration of bonding capability 
 
3. List of outstanding contracts 
 
4. List of readily available equipment required to perform the work  
 
5. List of at least five comparable projects with the following information for each project:  
 a. Name of the facility, its location, date of installation. 
 b. Name of project manager or contact person for the installation. 
 c. Description and purpose of installation and definition of contractor’s scope of work. 
 
 Additional information may need to be submitted if requested by the Project Manager. 
 
Pre-installation:  Prior to commencement of the earthwork activities, the General Contractor shall submit to 
the Project Manager: 
 
1. Resume of the Superintendent to be assigned to this project, including the dates and duration of 

employment. 
 
2. Schedule of construction activities. 
 
3. List of specific equipment and personnel to be used on the project. 
 
4.  List of proposed subcontractors and suppliers. 
 
Completion:  Upon completion of the installation, the General Contractor shall submit a Certificate of 
Completion. 



  
 May 2011 

1-7 

1.2.7   Earthwork Contractor 
 
1.2.7.1   Definitions 
 
The Earthwork Contractor is the firm that performs the site earthwork preparation and construction of the soil 
components of the lining system.  The Earthwork Superintendent is the individual responsible for the 
Earthwork Contractor’s field crew.  The Earthwork Superintendent may represent the Earthwork Contractor at 
all site meetings and acts as the Earthwork Contractor’s spokesman on the project.   
 
The General Contractor and the Earthwork Contractor may be the same party. 
 
1.2.7.2   Responsibilities 
 
The Earthwork Contractor is responsible for constructing soil components of the lining systems in accordance 
with the project plan and specifications.  The Earthwork Contractor may also be responsible for supplying and 
transporting the required earth and granular materials, concrete, piping, and other work, as outlined in the 
project specifications.   
 
1.2.7.3   Qualifications 
 
The Earthwork Contractor shall be: 
 
1. Pre-qualified and approved by the Owner.   
 
2. Able to provide qualified personnel to meet the demands of the project, including a Superintendent with 

applicable experience and proven management ability and authority. 
 
1.2.7.4   Submittals 
 
Pre-qualification:  At a minimum, the Earthwork Contractor shall meet the following requirements and submit 
the following information to the Project Manager to be considered for prequalification: 
 
1. Company background and information 
 
2. Demonstration of bonding capability 
 
3. List of outstanding contracts 
 
4. List of readily available equipment required to perform the work (i.e., scrapers, graders, scarifiers, 

compactors, disking equipment, water trucks, and admixing equipment, if required) 
 
5. List of at least five comparable projects with the following information for each project:  
 a. Name of the facility, its location, date of installation. 
 b. Name of project manager or contact person for the installation. 
 c. Description and purpose of installation and definition of contractor’s scope of work. 
 
 Additional information may need to be submitted if requested by the Project Manager. 
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Pre-installation:  Prior to commencement of the earthwork activities, the Earthwork Contractor shall submit to 
the Project Manager: 
 
1. Resume of the Earthwork Superintendent to be assigned to this project, including the dates and duration 

of employment. 
 
2. Schedule of construction activities. 
 
3. List of specific equipment and personnel to be used on the project. 
 
4.  List of proposed subcontractors and suppliers. 
 
Completion:  Upon completion of the installation, the Earthwork Contractor shall submit a Certificate of 
Completion. 
 
1.2.8   Geosynthetic Installer 
 
1.2.8.1   Definitions 
 
The Geosynthetic Installer (Installer) is the firm which installs the geosynthetic components of the lining 
system.  The Geosynthetic Superintendent is the individual responsible for the Installer’s field crew.  The 
Geosynthetic Superintendent shall represent the Installer at all site meetings and shall act as the Installer’s 
spokesman on the project. 
 
1.2.8.2   Responsibilities 
 
The Installer is responsible for the field handling, storing, deploying, seaming, provision of temporary 
restraints and all other aspects of the geosynthetics installation.  The Installer may also be responsible for 
transportation of these materials to the site and for anchor systems, if required by the project specifications.  
 
1.2.8.3   Qualifications 
 
The Installer shall be pre-qualified and approved by the Owner.  The Installer shall be able to provide 
qualified personnel to meet the demands of the project.  At a minimum, the Installer shall provide a 
Geosynthetic Superintendent with applicable experience and proven management ability and authority. 
 
For geomembrane installation, all personnel performing seaming operations shall be qualified by experience 
or by successfully passing seaming tests. 
 
1.2.8.4   Submittals 
 
Pre-qualification:  At a minimum, the Installer shall submit the following information to the Project Manager 
to be considered for pre-qualification: 
 
1. Corporate background and information 
 
2. The Installer shall have at least five years continuous experience in the installation of the geosynthetic 

products specified for this project.  Description of installation capabilities shall include the following: 
 a. Information on equipment (numbers and types), and personnel (number of Superintendents, number 

of crews). 
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 b. Average daily production anticipated. 
 c. Samples of field geomembrane seams and a list of minimum values for geomembrane seam 

properties. 
 
3. A list of at least ten completed facilities, totaling a minimum of 5,000,000 ft2 (450,000 m2) for which the 

Installer has experience with the specific type of geosynthetic to be installed.  For each installation, the 
following information shall be provided: 

 a. Name and purpose of facility, its location, and date of installation.  
 b. Name of owner, project manager, designer, manufacturer, fabricator (if any), and name of contact at 

the facility who can discuss the project. 
 c. Name and qualifications of the Superintendent(s) of the Installer’s crew(s).  
 d. Type of geosynthetic, and surface area installed.  
 e. Type of seaming and type of seaming apparatus used.  
 f. Duration of installation. 
 g. Available information on the performance of the lining system. 
 
4. The Installer’s quality control manual. 
 
5. A copy of a letter of recommendation supplied by the geomembrane Manufacturer and/or Fabricator. 
 
Pre-installation:  Prior to commencement of the installation, the Installer must submit to the Project Manager: 
 
1. Resume of the Geosynthetic Superintendent to be assigned to this project, including dates and duration of 

employment. 
 
2. A panel layout drawing showing the installation layout identifying field seams as well as any variance or 

additional details which deviate from the project plans or specifications.  The layout shall be adequate for 
use as a construction plan and shall include dimensions and details as appropriate.   

 
3. Installation schedule. 
 
4. A list of personnel performing field seaming operations along with pertinent experience information. 
 
5. All geosynthetic quality control certificates as required by this Quality Assurance Plan (QAP), unless 

submitted directly to the Project Manager by the Manufacturer.   
 
6. If applicable, certification that extrudate to be used is comprised of the same resin as the geomembrane to 

be used.   
 
This documentation shall be reviewed by the Geosynthetic Quality Assurance Consultant before installation of 
the geosynthetic can begin. 
 
Installation:  During installation, the Installer shall be responsible for the submission of: 
 
1. Quality control documentation recorded during installation. 
 
2. Subgrade surface acceptance certificates signed by the Installer for each area to be covered by the lining 

system.   
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Completion:  Upon completion of the installation, the Installer shall submit: 
 
1. The warranty obtained from the Manufacturer. 
 
2. Certification and Factory Seaming Test Logs from the Fabricator (if applicable). 
 
3. The installation warranty.   
 
1.2.9 Soil Quality Assurance Consultant 
 
1.2.9.1   Definitions 
 
The Soil Quality Assurance Consultant (Soil QAC) is the firm or agency which observes and documents 
activities related to the quality assurance of the installation of all aggregate and soil components of the lining 
system on behalf of the Owner.  The Soil QAC and Geosynthetic QAC may be the same party. 
 
In this QAP, the term Soil Quality Assurance Engineer (Soil QAE) refers to the engineer employed by the 
QAC who is personally in charge of the quality assurance work.  In some cases, the duties of the Soil QAE 
may be shared by two individuals:  a Soil Quality Assurance Certifying Engineer and a Soil Quality 
Assurance Resident Engineer.  Although not located at the site, the Soil Quality Assurance Certifying 
Engineer shall visit the site often enough to be familiar with the details of the project.   
 
The personnel of the Soil QAC also include Soil Quality Assurance Monitors (Soil QA Monitors) who are 
located at the site for construction observation and documentation. 
 
1.2.9.2   Responsibilities 
 
The Soil QAC is responsible for observing and documenting activities related to the quality assurance of the 
construction of the soil components of the lining systems.  The Soil QAC is responsible for the 
implementation of the project QAP.  The Soil QAC is also responsible for issuing a final Quality Assurance 
Report, sealed by a licensed Professional Engineer, as outlined in Section 2.0 of this QAP.  Other duties of the 
Soil QAC shall include review and documentation of the soil laboratory testing.  
 
The specific duties of the Soil QAC personnel are as follows: 
 
1. The Soil QAE: 
 a. Reviews all project plans and specifications. 
 b. Reviews other site-specific documentation. 
 c. Develops site-specific addenda for quality assurance of soil components with the assistance of the 

Project Manager as necessary. 
 d. Administers the soil portions of the QAP, including assigning and managing all soil quality 

assurance personnel, reviews all field reports, and provides engineering review of all quality 
assurance related issues. 

 e. Familiarizes himself with all applicable changes to project plans and specifications as issued by the 
Designer. 

 f. Acts as on-site (resident) representative of the Soil QAC. 
 g. Familiarizes all Soil QA Monitors with the site and the project QAP. 
 h. Assigns Soil QA Monitors to observe and document all activities requiring monitoring. 
 i. Attends all quality assurance related meetings, including resolution, pre-construction, daily, weekly 

meetings. 
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 j. Reviews the calibration certification of the on-site soil testing equipment. 
 k. Manages the preparation of the record drawings. 
 l. Reviews the Soil QA Monitors’ daily reports, logs, and photographs. 
 m. Notes any on-site activities that could result in damage to the installed soil components. 
 n. Reports to the Project Manager, and logs in the daily report, any relevant observations reported by 

the Soil QA Monitors. 
 o. Prepares his own daily report. 
 p. Prepares a daily summary of the soil component quantities estimates installed each day of 

construction activity.   
 q. Prepares a weekly summary of soil quality assurance activities at the end of each week of the 

construction activity. 
 r. Oversees marking, packaging and shipping of all laboratory test samples. 
 s. Reviews the results of laboratory testing and makes appropriate recommendations. 
 t. Recommends the approval of the final soils acceptance to the Project Manager. 
 u. Designates a Soil QA Monitor to represent the QAE whenever he is absent from the site while 

operations are ongoing. 
 v. Reports any unapproved deviations from the QAP to the Project Manager. 
 w. Maintains field files of all logs and reports. 
 x. Maintains qualifications of all personnel and calibration of equipment. 
 y. Prepares the final Quality Assurance Report. 
 
2. The Soil QA Monitor: 
 a. Monitors, logs, photographs and/or documents all soil component installation operations.  

Photographs shall be taken routinely as appropriate and in critical areas of the installation sequence.  
These duties shall be assigned by the Soil QAE. 

 b. Monitors and documents the following operations for all soil components: 
  (1) Material delivery 
  (2) Unloading and on-site transport and storage 
  (3) Sampling and conformance testing 
  (4) Deployment operations 
  (5) Condition of the soil components as placed 
  (6) Visual observation, by walkover, of the finished soil components 
  (7) Sampling and field testing of the finished soil components 
  (8) Repair operations, if and when necessary 
 c. Conducts soil sampling and testing.   
 d. Documents any on-site activities that could result in damage to the constructed soil components.  

Any problems noted shall be reported as soon as possible to the Soil QAE. 
 
Any differences of the Soil QAC’s interpretation of the project plans and specifications from the Earthwork 
Contractor’s interpretation shall be properly and adequately assessed by the Soil QAC through discussion with 
the Earthwork Contractor.  If such assessment indicates any actual or suspected work deficiencies, the Soil 
QAC shall inform the Earthwork Contractor of these deficiency issues.   
 
1.2.9.3   Qualifications 
 
The Soil QAC shall be pre-qualified and approved by the Owner.  The Soil QAC shall be experienced in the 
preparation of quality assurance documentation including quality assurance forms, reports, certifications and 
manuals.   
 
The Soil QAE shall hold a B.S., M.S., or Ph.D degree in civil engineering or related fields.  If the duties of the 
Soil QAE are shared by two parties, only the Soil Quality Assurance Certifying Engineer shall be required to 
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be a licensed Professional Engineer.  The Soil QAE shall have the necessary training and certification by the 
Soil QAC in the duties of a Soil QAE.  The Soil QAE shall be approved by the Project Manager.   
 
Soil QA Monitors shall have specific training in construction quality assurance of engineered soil structures 
and be so designated by the Soil QAE.  The Monitors shall be approved by the Project Manager.   
 
1.2.9.4   Submittals 
 
Pre-qualification:  At a minimum, the Soil QAC, if a firm, shall submit the following information in writing to 
the Project Manager to be considered for pre-qualification: 
 
1. Corporate background and information: 
 a. General company information 
 b. Proof of insurance 
        (1) Professional liability 
        (2) “Umbrella” coverage 
        (3) Other coverages as required by statute and/or proposed contractual agreement 
 
2. Quality assurance capabilities: 
 a. A summary of the firm’s experience in quality assurance, specifically quality assurance of soil 

components of lining systems. 
 b. A summary of quality assurance documentation and methods used by the firm, including sample 

quality assurance forms, reports, certifications, and manuals prepared by the firm. 
 c. Resumes of key personnel. 
 
Additional information may need to be submitted if required by the Project Manager. 
 
Pre-construction:  Prior to beginning work on a project, the Soil QAC shall, in writing, provide the Project 
Manager with the following: 
 
1. Resumes of personnel to be involved in the project including Soil QAE and Soil Quality Assurance 

Monitors. 
 
2. Proof of professional engineering registration in the appropriate state of the engineer to be designated as 

the Soil Quality Assurance Certifying Engineer, as well as proof of B.S., M.S. or Ph.D in civil 
engineering or related field degree.   

 
3. Proof of quality assurance experience with the required soil components of all of the quality assurance 

personnel. 
 
4. Examples of forms to be used in the documentation of the project.   
 
1.2.10   Geosynthetic Quality Assurance Consultant 
 
1.2.10.1   Definitions 
 
The Geosynthetic Quality Assurance Consultant (Geosynthetic QAC) is the firm or agency which observes 
and documents activities related to the quality assurance of the production and installation of the geosynthetic 
components of the lining systems on behalf of the Owner.  The Geosynthetic QAC and Soil QAC may be the 
same party.   
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In this QAP, the term Geosynthetic Quality Assurance Engineer (Geosynthetic QAE) shall be used to 
designate the engineer working for the Geosynthetic QAC in charge of the quality assurance work.  In some 
cases the duties of the Geosynthetic QAE may be shared by two individuals:  a Geosynthetic Quality 
Assurance Certifying Engineer and a Geosynthetic Quality Assurance Resident Engineer.  Although not 
located at the site, the Geosynthetic Quality Assurance Certifying Engineer shall visit the site often enough to 
be familiar with the details of the project.  The Geosynthetic Quality Assurance Certifying Engineer may also 
be known as the Geosynthetic Quality Assurance Officer.  The personnel of the Geosynthetic QAC shall also 
include Geosynthetic Quality Assurance Monitors who are located at the site for construction observation and 
documentation.   
 
1.2.10.2   Responsibilities 
 
The Geosynthetic QAC is responsible for observing and documenting activities related to the quality 
assurance of the production and installation of the geosynthetic components of the lining systems.  The 
Geosynthetic QAC is responsible for implementation of the project QAP prepared by the Project Manager as 
well as reviewing work products of the Geosynthetic Quality Assurance Laboratory.  The Geosynthetic QAC 
is also responsible for issuing a final Quality Assurance Report, sealed by a licensed Professional Engineer, as 
outlined in Section 2.0 of this QAGD.   
 
The specific duties of the Geosynthetic QAC personnel are as follows: 
 
1. The Geosynthetic QAE: 
 a.  Familiarizes himself with all project plans and specifications.   
 b. Reviews other site-specific documentation, including proposed layouts, and literature from the 

manufacturer, fabricator, and installer. 
 c.  Develops site-specific addenda for quality assurance of geosynthetics with the assistance of the 

Project Manager, as necessary. 
 d.  Administers the geosynthetic portions of the QAP, including assigning and managing all 

geosynthetic quality assurance personnel, reviewing all field reports, and providing engineering 
review of all quality assurance related issues.   

 e.  Reviews for familiarity all appropriate changes to design drawings and project specifications as 
issued by the Designer. 

 f. Acts as the on-site (resident) representative of the Geosynthetic QAC. 
 g.  Familiarizes all Geosynthetic Quality Assurance Monitors with the site and the project QAP.   
 h.  Assigns Geosynthetic Quality Assurance personnel to observe and document geosynthetic  

installation activities requiring certification. 
 i. Attends all quality assurance related meetings, including resolution, pre-construction, daily, weekly. 
 j.  Reviews all Manufacturer and Installer certifications and documentation and makes appropriate 

recommendations. 
 k.  Reviews the Installer’s personnel qualifications for conformance with those qualifications 

preapproved for work on site. 
 l. Manages the preparation of the record drawings.   
 m.  Reviews the calibration certification of the on-site testing equipment, as required. 
 n.  Reviews all Geosynthetic Quality Assurance Monitor’s daily reports, logs and photographs. 
 o.  Notes any on-site activities that could result in damage to the geosynthetics. 
 p.  Reports to the Project Manager, and logs in the daily report, any relevant observations reported by 

the Geosynthetic Quality Assurance Monitors. 
 q.  Prepares his own daily report. 
 r. Prepares a daily summary of the quantities estimates of geosynthetics installed that day. 
 s.  Prepares the weekly summary of geosynthetic quality assurance activities. 
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 t.  Oversees the marking, packaging and shipping of all laboratory test samples. 
 u.  Reviews the results of laboratory testing and makes appropriate recommendations. 
 v. Recommends the approval of the final liner acceptance to the Project Manager. 
 w. Designates a Geosynthetic Quality Assurance Monitor to represent the QAE whenever he is absent 

from the site while operations are ongoing. 
 x.  Reports any unapproved deviations from the QAP immediately to the Project Manager. 
 y.  Prepares the final Quality Assurance Report.   
 
2. The Geosynthetic Quality Assurance Monitor: 
 a. Monitors, logs, photographs and/or documents all geosynthetic installation operations. Photographs 

shall be taken routinely and in critical areas of the installation.  These duties shall be assigned by the 
Geosynthetic QAE.   

 b. Monitors the following operations for all geosynthetics: 
   (1) Material delivery* 
  (2) Unloading and on-site transport and storage* 
  (3) Sampling for conformance testing* 
  (4) Deployment operations  
  (5) Joining and/or seaming operations  
  (6) Condition of panels as placed 
   (7) Visual inspection by walkover    
  (8) Repair operations 
 c. Monitors and documents the geomembrane seaming operations, including: 
  (1) Trial seams  
  (2) Seam preparation 
  (3) Seaming  
  (4) Nondestructive seam testing  
  (5) Destructive seam testing  
  (6) Field tensiometer testing  
   (7) Laboratory sample marking  
  (8) Repair operations 
  (9) Measurements of uninstalled quantities 
 d.  Documents any on-site activities that could result in damage to the geosynthetics.  Any problems 

noted shall be reported as soon as possible to the Geosynthetic QAE. 
 
Any differences between the Geosynthetic QAC’s and Installer’s interpretation of the project plans and 
specifications shall be properly and adequately assessed by the Geosynthetic QAC.  If such assessment 
indicates any actual or suspected work deficiencies, the Geosynthetic QAC shall inform the Installer, or the 
Installer’s representative, of these deficiencies.   
 
1.2.10.3   Qualifications 
 
The Geosynthetic QAC shall be pre-qualified by the Owner.  The Geosynthetic QAC shall be experienced in 
quality assurance of geosynthetics with emphasis on the geomembrane types used for this project.  The 
Geosynthetic QAC shall be experienced in the preparation of quality assurance documentation including 
quality assurance forms, reports, certifications, and manuals. 
 

                                                 
 *when appropriate 
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The Geosynthetic Quality Assurance Certifying Engineer shall hold a B.S., M.S. or Ph.D degree in civil 
engineering or related fields and be licensed as a Professional Engineer.  The Geosynthetic Quality Assurance 
Resident Engineer shall be specifically experienced in the installation of geosynthetics and shall be trained and 
certified by the Geosynthetic QAC in the duties of a Geosynthetic QAE.  The Geosynthetic QAC shall be 
approved by the Project Manager.   
 
Geosynthetic Quality Assurance Monitors shall be quality assurance personnel who have been specifically 
trained in the quality assurance of geosynthetics.  The Monitors shall be approved by the Project Manager.   
 
1.2.10.4   Submittals 
 
Pre-qualification:  At a minimum, the Geosynthetic QAC, if a firm, shall provide the following information in 
writing to the Project Manager to be considered for pre-qualification: 
 
1. Corporate background and information. 
 a. General company information 
 b. Proof of insurance 
  (1) Professional liability 
  (2) “Umbrella” coverage 
  (3) Other coverages as required by statute and/or proposed contractual agreement 
 
2. Quality assurance capabilities: 
 a. A summary of the firm’s experience with geosynthetics. 
 b. A summary of the firm’s experience in quality assurance, including installation quality assurance of 

geosynthetics.   
 c. A summary of quality assurance documentation and methods used by the firm, including sample 

quality assurance forms, reports, certifications, and manuals prepared by the firm. 
 d. Resumes of key personnel. 
 
Additional information may need to be submitted if required by the Project Manager.   
 
Pre-installation:  Prior to beginning work on a project, the Geosynthetic QAC must provide the Project 
Manager with the following information: 
 
1. Resumes of personnel to be involved in the project including Geosynthetic QAE and Geosynthetic 

Quality Assurance Monitors. 
 
2. Proof of professional engineering registration in the appropriate state for the engineer to be designated as 

the Geosynthetic QAE, as well as proof of B.S., M.S., or Ph.D in civil engineering or related field degree. 
 
3. Proof of the required quality assurance experience of all of the quality assurance personnel. 
 
4. Examples of forms to be used in documentation of the project.   
 
1.2.11   Soil Quality Assurance Laboratory 
 
1.2.11.1   Definitions 
 
The Soil Quality Assurance Laboratory (Soil QAL) is the firm which conducts tests on soil and aggregate 
samples taken from the site.  The Soil QAL and Geosynthetic QAL may be the same party. 
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1.2.11.2   Responsibilities 
 
The Soil QAL is responsible for conducting the appropriate laboratory tests as directed by the Soil QAE.  The 
test procedures shall be done in accordance with the test methods outlined in this QAGD and/or the project 
QAP.  The Soil QAL shall be responsible for providing tests results as outlined in Section 1.2.8.4. 
 
1.2.11.3   Qualifications 
 
The Soil QAL shall be pre-qualified by the Owner and approved by the Project Manager.  The Soil QAL shall 
have properly maintained and periodically calibrated appropriate testing equipment.  The Soil QAL shall also 
ensure that laboratory soil testing is performed by personnel with experience and/or training in soil testing 
fundamentals.  The laboratory personnel shall be familiar with American Society for Testing and Materials 
(ASTM), American Association of State Highway and Transportation Officials (AASHTO), Federal Test 
Method Standard (FTMS) and other applicable test standards.  The Soil QAL shall be capable of providing 
test results within project deadlines throughout the soil prequalification and installation phase of the soil 
components.   
 
The Soil QAL shall submit sample data and analysis to be used during the lab tests to the Project Manager.   
 
1.2.11.4   Submittals  
 
The Soil QAL shall submit all written test results within project deadlines to the Soil QAE.  Soil test results 
shall be provided to the Soil QAE as soon as possible after test completion. Written test results shall be in an 
easily readable format and include references to the standard test methods used.   
 
1.2.12   Geosynthetic Quality Assurance Laboratory 
 
1.2.12.1   Definitions 
 
The Geosynthetic Quality Assurance Laboratory (Geosynthetic QAL) is the firm which conducts tests on 
samples of geosynthetics taken from the site.  The Geosynthetic QAL and the Soil QAL may be the same 
party.   
 
1.2.12.2   Responsibilities 
 
The Geosynthetic QAL is responsible for conducting the appropriate laboratory tests as directed by the 
Geosynthetic QAE.  The test procedures shall be done in accordance with the test methods outlined in this 
QAGD and/or the project QAP.  The Geosynthetic QAL shall be responsible for providing test results as 
outlined in Section 1.2.9.4.   
 
1.2.12.3   Qualifications 
 
The Geosynthetic QAL shall be pre-qualified by the Owner and approved by the Project Manager.  The 
Geosynthetic QAL shall have properly maintained and periodically calibrated appropriate testing equipment.  
The Geosynthetic QAL shall also ensure the laboratory testing is performed by personnel with experience 
and/or training in geosynthetic testing fundamentals. 
 
The Geosynthetic QAL shall be familiar with ASTM, FTMS, National Sanitation Foundation (NSF), 
Geosynthetic Research Institute (GRI), and other applicable test standards.  The Geosynthetic QAL shall be 
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capable of providing results of destructive seam tests within 24 hours of receipt of test samples and shall 
maintain that standard throughout the installation.  On-site laboratory facilities may be used by the 
Geosynthetic QAL, provided they are appropriately equipped and approved by the Geosynthetic QAC and 
Project Manager.   
 
1.2.12.4   Submittals 
 
The Geosynthetic QAL shall submit all destructive seam test results to the Geosynthetic QAE in written form 
within 48 hours of receipt of test samples unless otherwise specified by the Project Manager.  Geomembrane 
destructive test results shall typically be provided to the Geosynthetic QAE within 24 hours of receipt of test 
samples.  Written test results shall be in an easily readable format and include references to the standard test 
methods used.   
 
1.3 COMMUNICATION 
 
To help ensure a high degree of quality during installation and to ensure a final product that meets all project 
specifications, clear, open channels of communication are essential between all parties.  This section discusses 
appropriate lines of communication and describes all meetings that will be necessary to achieve project goals.   
 
1.3.1   Lines of Communication 
 
The typical lines of communication necessary during a project are illustrated in Exhibit 1-1.  The Soil QAE 
and Geosynthetic QAE shall be able to directly communicate with the Project Manager at all times.   
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Exhibit 1-1 

 
LINES OF COMMUNICATION 

 
  
  PROJECT MANAGER/ENGINEER 
  
  
  
  
  
  

DESIGNER  GENERAL CONTRACTOR GEOSYNTHETIC SOILS 
  QAC QAC 
    
  
  Geosynthetic QAE Soils QAE 
  EARTHWORK  GEOSYNTHETIC  AGGREGATE 
  CONTRACTOR  INSTALLER  SUPPLIER  Geosynthetic  Soils 
       Monitors  Monitors 
  Superintendent  Superintendent    
          
  
   
  GEOSYNTHETIC SOIL QUALITY 
  FABRICATOR QUALITY ASSURANCE 
  ASSURANCE LABORATORY 
   LABORATORY 
   
   
  MANUFACTURER
   
   
   

 
 



May 2011 
1-20 

 
1.3.2   Pre-Construction Meeting 
 
A pre-construction meeting, attended by Project Manager, Designer, Earthwork Contractor, Geosynthetic 
Installer, Soil/Geosynthetic QAE, surveyor, and the Owner’s technical representative, shall be held at the site 
prior to beginning of lining system installation to review the responsibilities of each party and to address any 
other project concerns.  
 
1.3.3   Progress Meetings 
 
A weekly progress meeting shall be held between the Soil/Geosynthetic QAE, Earthwork 
Contractor’s/Installer’s Superintendent, Project Manager and any other concerned parties to discuss current 
progress, planned activities for the next week, issues requiring resolution, and any new business or revisions to 
the work.  
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2.0 DOCUMENTATION 
 
Geosynthetic quality assurance activities shall be thoroughly documented using the means described in the 
following subsections.   
 
2.1 DAILY REPORTS 
 
2.1.1   Geosynthetic Reports 
 
Each Geosynthetic Quality Assurance Monitor shall complete a daily report and/or logs on prescribed forms 
outlining all monitoring activities for that day.  Provided information shall include the precise areas worked 
on, panel numbers, seams completed and approved, seams failed and rejected, any seam repair work, measures 
taken to provide unfinished areas with overnight protection, weather conditions and other appropriate data and 
information.  This report must be completed at the end of each monitor’s shift, prior to leaving the site, and 
submitted to the Geosynthetic QAC.   
 
The Geosynthetic QAE shall review the daily reports submitted by the Quality Assurance Monitors, and 
incorporate a summary of their reports into the QAE’s daily report, identifying any matters requiring action by 
the Project Manager.  The report shall include a summary of the quantities of all material installed that day.  
This report must be completed daily, summarizing the previous day’s activities, and a copy submitted to the 
Project Manager at the beginning of the work day following the report date.   
 
2.2   TEST REPORTS 
 
2.2.1 Geosynthetic Testing Reports 
 
The Geosynthetic QAC shall collate all destructive test reports from all sources including field tests, Installer’s 
laboratory tests (if performed), and Geosynthetic QAL tests.  A summary list of test samples pass/fail results 
shall be prepared by the Geosynthetic QAC on an ongoing basis, and submitted with the weekly progress 
reports.  
 
2.3   PROGRESS REPORTS 
 
Progress reports shall be prepared by the Soil and Geosynthetic QAEs and submitted to the Project Manager 
each week, starting the first Friday of soil placement or geosynthetics deployment on site or other day as 
approved by the Project Manager.  This report shall include an overview of progress to date and an outline of 
any deviation from the project plans or specifications.  The report shall also include any problems or 
deficiencies in installation at the site, an outline of any action taken to remedy the situation, a summary of 
weather conditions and a brief description of activities anticipated for the next reporting period.  All daily 
reports for the period should be appended to each progress report.   
 
2.4 RECORD DRAWINGS 
 
2.4.1   Geosynthetic Drawings 
 
Record drawings shall be prepared by the Geosynthetic QAC or surveyor.  The record drawings shall include, 
at a minimum, the following information for geomembranes: 
 
1. Dimensions of all geomembrane field panels.  
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2. Location, as accurately as possible, of each panel relative to the site survey grid furnished by the Project 
Manager.  

 
3. Identification of all seams and panels with appropriate numbers or identification codes.  
 
4. Location of all patches and repairs. 
 
5. Location of all destructive testing samples. 
 
The record drawings shall illustrate each layer of geomembrane, and if necessary, other drawings shall 
identify problems or unusual conditions of other geosynthetic layers.  All surveying for as-built information 
shall be performed by a licensed land surveyor or as approved by the Project Manager.   
 
2.5   FINAL QUALITY ASSURANCE REPORT 
 
Upon completion of the work, the Soil/Geosynthetic QAC shall submit a final Quality Assurance Report to 
the Project Manager, summarizing the activities of the project, and documenting all aspects of the quality 
assurance program performed.   
 
The final Quality Assurance Report shall include, at a minimum, the following information: 
 
1. Parties and personnel involved with the project. 
 
2. Scope of work. 
 
3. Outline of project. 
 
4. Quality assurance methods. 
 
5. Test results (conformance, destructive and non-destructive, including laboratory tests). 
 
6. Signature page, sealed and signed by a licensed Professional Engineer or licensed Surveyor. 
 
7. Record drawings, sealed and signed by a licensed Professional Engineer. 
 
The Soils/Geosynthetic QAC shall state in the report that the installation has proceeded in accordance with the 
project QAP except as noted to the Project Manager  
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3.0 LINING SYSTEM ACCEPTANCE 
 
3.1   SOIL COMPONENTS ACCEPTANCE 
 
 
The soil components of the lining system will be accepted by the Geosynthetics Installer when: 
 
1. The installation of the soil components is finished. 
 
2. Verification of the adequacy of the constructed components, including repairs, if any, is completed in 

accordance with the project-specific QAP. 
 
3. All documentation of installation is completed. 
 
4. The Soil QAC and/or Owner’s field representative is able to recommend acceptance.   
 
The Soil QAC shall certify that installation of the soil components has proceeded in accordance with the soil 
portions of the project-specific QAP except as noted to the Project Manager.  This certification shall be 
provided in the final Quality Assurance Report as outlined in Section 2.5.  Forms agreed upon at the pre-
construction meeting shall be used to document acceptance of the liner system by the Geosynthetics Installer. 
 
3.2   GEOSYNTHETIC COMPONENTS ACCEPTANCE 
 
Upon written recommendation by the Geosynthetic QAC, the Project Manager shall consider accepting the 
geosynthetic components of the lining system.  The Installer will retain all ownership and responsibility for 
the geosynthetics in the lining system until acceptance by the Project Manager.  At the Project Manager’s 
discretion, the lining system may be accepted in sections or at points of substantial completion.   
 
The geosynthetic components of the lining system will be accepted by the Project Manager when: 
 
1. The installation of the geosynthetic components is finished. 
 
2. Verification of the adequacy of all seams including associated testing and repairs, if any, is completed in 

accordance with the project-specific QAP.   
 
3. All documentation of installation is completed. 
 
4. The Geosynthetic QAC is able to recommend acceptance. 
 
The Geosynthetic QAC shall certify that installation has proceeded in accordance with the geosynthetic 
portions of the project-specific QAP except as noted to the Project Manager.  This certification shall be 
provided in the final Quality Assurance Report as outlined in Section 2.5. 
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4.0   GEOMEMBRANES 
 
4.1   GENERAL 
 
Assurance that the geomembrane has been installed in accordance with the project plans and specifications 
shall be achieved by implementation of the following: 
 

• Verification that the minimum property values certified by the Manufacturer meet project 
specifications; 

• Conformance testing to ensure that the material meets the property values contained in the 
specifications;  

• Visual observation and testing to ensure that proper construction techniques and procedures are 
used to deploy the geomembrane; and 

• Non-destructive and destructive testing to evaluate field seaming quality. 
 
All tests shall be performed in an approved geosynthetics laboratory or in the field as required.  At a 
minimum, the criteria used to determine the acceptability of the geomembrane and of the installed liner shall 
be as defined in the project specifications.   
 
Potential geomembrane options include high density polyethylene (HDPE), linear low density polyethylene 
(LLDPE), un-reinforced flexible polypropylene (fPP) and reinforced flexible polypropylene (fPP-R).  As the 
testing requirements and installation procedures will vary with the type of material chosen, these materials will 
be addressed separately as necessary.  Subsections applicable only to specific geomembrane types will be duly 
noted. 
 
4.2   QUALITY CONTROL DOCUMENTATION 
 
Prior to the installation of any geomembrane, the Manufacturer, Fabricator or Installer shall provide the 
Project Manager with the following information: 
 

1. Copies of dated quality control certificates issued by the resin supplier. 
 
2. Written certification that minimum values given in the specification are guaranteed by the 

Manufacturer. 
 

3. Quality control certificates, signed by a responsible party employed by the Manufacturer.  Each 
quality control certificate shall include roll identification numbers, testing procedures, and results of 
quality control tests.  At a minimum, results shall be given for: 

 
For HDPE Geomembranes: 

• Thickness  - ASTM D 5199 
• Density  - ASTM D 1505/D 792 
• Tensile Properties  - ASTM D 6693-IV 
• Tear Resistance  - ASTM D 1004 
• Puncture Resistance  - ASTM D 4833 
• Stress Crack Resistance - ASTM D 5397 (single point) 
• Carbon Black Content - ASTM D 1603 
• Carbon Black Dispersion  - ASTM D 5596 
• Oxidative Induction Time - ASTM D 3895 or D 5885 
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• Oven Aging at 85°C  - ASTM D 5721, D 3895 or D 5885 
• UV Resistance  - GM 11, ASTM D 3895 or D 5885 
• Asperity Height  - ASTM D 7466 (textured liner only) 
 

For LLDPE Geomembranes: 

• Thickness  - ASTM D 5199 
• Density  - ASTM D 1505/D 792 
• Tensile Properties  - ASTM D 6693-IV 
• 2% Modulus  - ASTM D 5323 
• Tear Resistance  - ASTM D 1004 
• Puncture Resistance  - ASTM D 4833 
• Axi-Symmetric Break  - ASTM D 5617 
• Carbon Black Content - ASTM D 1603 
• Carbon Black Dispersion  - ASTM D 5596 
• Oxidative Induction Time - ASTM D 3895 or D 5885 
• Oven Aging at 85°C  - ASTM D 5721, D 3895 or D 5885 
• UV Resistance  - ASTM D 3895 or D 5885 
• Asperity Height  - ASTM D 7466 (textured liner only) 
 

For Reinforced and Unreinforced fPP Geomembranes: 

• Mass per Unit Area - ASTM D 5261 
• Thickness  - ASTM D 5199 
• Tensile Properties  - ASTM D 6693-IV 
• Multiaxial Elongation  - ASTM D 5617 
• Tear Resistance  - ASTM D 1004 nonreinforced, D5844 reinforced 
• Puncture Resistance  - ASTM D 4833 
• Axi-Symmetric Break  - ASTM D 5617 
• Ply Adhesion - ASTM D 6636 
• Low Temperature Flexibility ASTM D 2316 
• Carbon Black Content - ASTM D 1603 
• UV Resistance  - ASTM D 7238, D6693(IV), GM16, GM23 

 
These quality control tests shall be performed in accordance with the test methods at the frequency 
defined in the specifications. 

 
The following shall be maintained by the Manufacturer and/or Fabricator and will be made available upon 
request: 
 

1. The origin (supplier’s name and production plant) and identification (brand name and number) of 
the resin used to manufacture the geomembrane. 

 
2. Results of tests conducted by the Manufacturer to verify that the resin used to manufacture the 

geomembrane meets the project specifications. 
 
3. A list of the materials which comprise the geomembrane, expressed in the following categories as 

percent by weight:  
 

HDPE/LLDPE - polyethylene, additives, carbon black or other colorants,. 
fPP - flexible polypropylene resin, additives, carbon black or other colorants,. 
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The Manufacturer shall identify all rolls of geomembranes with the following: 
 

1. Manufacturer’s name 
 
2. Product identification 
 
3. Thickness 
 
4. Roll number 
 
5. Roll dimensions 

 
The Geosynthetic QAE shall review these documents and shall report any discrepancies with the above 
requirements to the Project Manager.  The Geosynthetic QAE shall verify that: 
 

1. Property values certified by the Manufacturer meet all of its guaranteed specifications.   
 
2. Measurements of properties by the Manufacturer are properly documented and that the test methods 

used are acceptable. 
 
3. Quality control certificates have been provided at the specified frequency for all rolls, and that each 

certificate identifies the rolls related to it. 
 
4. Rolls are appropriately labeled. 
 
5. Certified minimum properties meet the project specifications.  Any geomembrane sample that does 

not comply with the Specifications will result in rejection of the roll from which the sample was 
obtained.  The Manufacturer shall replace any rejected rolls at no additional cost to the Owner.  If a 
roll is rejected, the Geomembrane Manufacturer shall sample and test each roll manufactured in the 
same lot or at the same time as the failing roll.  Additional testing may be conducted at the 
Manufacturer’s discretion and expense to more closely identify the non-complying rolls. 

 
6. Project specifications and a copy of the QAP are provided by the Project Manager to the Installer.   
 

4.3   CONFORMANCE TESTING   
 
4.3.1   Sampling Procedures 
 
Upon delivery of the geomembrane, the Geosynthetic QAC shall select geomembrane rolls for sampling. 
Samples shall be 3 ft (1 m) long by the roll width.  The Geosynthetic QAC shall mark the machine direction 
on the samples with an arrow.   
 
Unless otherwise specified in the project specifications, samples shall be taken at a rate of not less than one per 
100,000 ft2 (10,000 m2) of geomembrane.  These samples shall be forwarded to the Geosynthetic QAL for 
testing. 
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4.3.2   Conformance Tests 
 
At a minimum, the following conformance tests shall be conducted, unless otherwise indicated in the project 
specifications: 
 

For HDPE Geomembranes: 

• Thickness  - ASTM D 5199 
• Density  - ASTM D 1505/D 792 
• Tensile Properties  - ASTM D 6693-IV 
• Tear Resistance  - ASTM D 1004 
• Puncture Resistance  - ASTM D 4833 
• Carbon Black Content - ASTM D 1603 
• Carbon Black Dispersion  - ASTM D 5596 
• Asperity Height  - ASTM D 7466 (textured liner only) 
 

For LLDPE Geomembranes: 

• Thickness  - ASTM D 5199 
• Density  - ASTM D 1505/D 792 
• Tensile Properties  - ASTM D 6693-IV 
• Tear Resistance  - ASTM D 1004 
• Puncture Resistance  - ASTM D 4833 
• Carbon Black Content - ASTM D 1603 
• Carbon Black Dispersion  - ASTM D 5596 
• Asperity Height  - ASTM D 7466 (textured liner only) 
 

For Unreinforced fPP Geomembranes: 

• Mass per Unit Area - ASTM D 5261 
• Thickness - ASTM D 5199 
• Tensile Properties - ASTM D 638-IV 

 
For Reinforced fPP Geomembranes: 

• Mass per Unit Area - ASTM D 5261 
• Thickness - ASTM D 5199 
• Tensile Properties  - ASTM D 751-A 
 

Prior to construction, direct shear testing (ASTM D 5321) of the geosynthetic-to-geosynthetic and 
geosynthetic-to-soil interfaces must be completed using the actual materials selected for liner 
components for the Engineer's use in verifying slope stability. 
 
 
4.3.3   Test Results 
 
Prior to the deployment of the geomembrane, the Geosynthetic QAE shall review all conformance test results 
to ensure that all test results meet or exceed the property values listed in the project specifications. Any 
nonconformance shall be reported to the Project Manager.  If the Manufacturer and/or Fabricator disputes the 
results of the conformance testing, retesting may be conducted at his expense at two different geosynthetics 
testing laboratories approved by the Owner.   
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If a test result reveals nonconformance, all material from the lot represented by the failing test should be 
considered out-of-specification and rejected.  Alternatively, at the option of the Project Manager, additional 
conformance test samples may be taken to isolate the portion of the lot not meeting the project specification. 
To isolate the out-of-specification material, additional samples must be taken from rolls that have roll numbers 
immediately adjacent to the sampled roll that had failed.  If both additional tests pass, the roll that represents 
the initial failed test and the roll manufactured immediately after that roll (next larger roll number) shall be 
rejected. If one or both of the additional tests fail, then the entire lot shall be rejected or the procedure repeated 
with two additional tests that bracket a greater number of rolls within the lot.   
 
The Manufacturer and/or Fabricator shall bear the cost of any additional tests required as a result of failed 
tests.  The cost of any conformance testing of replacement materials shall also be borne by the Manufacturer 
and/or Fabricator.   
 
4.4   SUBGRADE PREPARATION 
 
4.4.1   Surface Preparation 
 
Immediately prior to any geomembrane deployment, the Geosynthetic QAC shall verify that the subgrade has 
been prepared to the lines and grades specified and that the underlying soil surface is free of rocks, roots, 
vegetation, irregularities, protrusions, wind blown debris, chicken bones, or any other deleterious materials.  
The surface shall provide a firm, unyielding foundation for the geomembrane with no sharp or abrupt changes 
in grade. 

 
Before commencing geomembrane installation, the Installer shall certify in writing that the surface on which 
the geomembrane will be installed is acceptable.  
 
4.4.2   Anchor Trench 
 
The Geosynthetic QAC shall verify and document that: 
 

1. The anchor trench has been constructed according to the project plans and specifications. 
 
2. Rounded corners are provided in the trench so as to avoid sharp bends in the geomembrane. 
 
3. Excessive amounts of loose soil are not allowed to underlie the geomembrane in the anchor trench. 
 
4. The anchor trench is adequately drained to prevent ponding or softening of the adjacent soils while 

the trench is open. 
 
5. The anchor trench is backfilled and compacted promptly after geomembrane deployment as 

outlined in the project specifications.   
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4.5   GEOMEMBRANE DEPLOYMENT 
 
4.5.1   Panel Nomenclature 
 
The Geosynthetic QAC shall ensure that each field panel receives an identification code (number or letter-
number) consistent with the layout plan.  The Geosynthetic QAC shall establish a table or chart showing 
correspondence between roll numbers and field panel identification codes.  The field panel identification code 
shall be used for all quality assurance records.  The geomembrane rolls or panels shall be stored in their 
original packaging until installation begins. 
 
4.5.2   Panel Deployment Procedure 
 
The Geosynthetic QAC shall review the panel deployment progress of the Installer, taking note of wind, rain, 
rilling of the subgrade surface and any other adverse site-specific conditions that may prevent proper liner 
installation.  Deployment under windy conditions is generally not recommended.  If the Installer elects to 
place liner under such conditions, they shall take all necessary steps to avoid damaging the geomembrane.   
 
Geomembrane deployment shall not be undertaken if weather conditions will preclude material seaming 
following deployment.  The number of panels to be deployed in any one day shall be limited to the number of 
panels which can be seamed or secured that day. 
 
The normal acceptable weather conditions for seaming are as follows: 
 

1. Ambient temperature, as measured 1 foot above the liner, between 32ºF (0ºC) and 104ºF (40ºC). 
 
2. Dry conditions (no precipitation or other excessive moisture) 
 
3. No excessive winds. 

 
Ambient temperature shall be measured and ambient conditions appraised by the Geosynthetic QAC in the 
area in which the panels are to be placed.   
 
4.5.4   Method of Deployment 
 
Before the geomembrane is handled on site, the Geosynthetic QAC shall verify the adequacy of the 
deployment equipment and procedures proposed by the Installer.  The equipment and methodology shall not 
pose risk of damage to the geomembrane or underlying subgrade.  Vehicles may not operate directly on the 
geomembrane or the geocomposite clay liner (GCL).  During handling, the Geosynthetic QAC shall observe 
and verify that the Installer’s personnel handle the geomembrane with care.   
 
The Geosynthetic QAC shall verify the following: 
 

1. Equipment used does not damage the geomembrane, GCL, or underlying subgrade by handling. 
 
2. The GCL upon which the geomembrane is placed is acceptable immediately prior to geomembrane 

placement.   
 
3. Geosynthetic elements immediately underlying the geomembrane are clean and free of debris. 
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4. Personnel do not smoke or wear damaging shoes while working on the geomembrane, or engage in 
other activities which could damage the geomembrane. 

 
5. The method used to unroll the panels does not cause excessive scratches or crimps in the 

geomembrane and does not damage the supporting soil. 
 
6. The method used to place the panels minimizes wrinkles especially differential wrinkles between 

adjacent panels. 
 
7. Adequate temporary loading and/or anchoring (such as sand bags or tires), not likely to damage the 

geomembrane, are placed to prevent uplift by wind.  In case of high winds, continuous loading is 
recommended along edges of panels to minimize risk of wind flow under the panels. 

 
8. Direct contact with the geomembrane is minimized, and the geomembrane is protected by 

geotextiles, extra geomembrane, or other suitable materials, in areas where repeated traffic use may 
be expected. 

 
9. Liner has promptly been anchored in trench where applicable. 

 
 
4.5.5   Damage and Defects 
 
Upon delivery to the site, the Geosynthetic QAC shall conduct a surface observation of all rolls for defects and 
for damage.  This examination shall be conducted without unrolling rolls unless defects or damages are found 
or suspected.  The Geosynthetic QAC shall advise the Project Manager, in writing, of any rolls or portions of 
rolls which should be rejected and removed from the site because they have severe flaws, and/or minor 
repairable flaws.   
 
The Geosynthetic QAC shall examine each panel, after placement and prior to seaming, for damage and/or 
defects.  The Geosynthetic QAC shall advise the Project Manager which panels, or portions of panels, should 
be rejected, repaired, or accepted.  Damaged panels, or portions of damaged panels, which have been rejected 
shall be marked and their removal from the work area recorded by the Geosynthetic QAC.  Repairs shall be 
made using procedures described in Section 4.9.   
 
4.5.5 Writing on the Liner 
 
To avoid confusion, the Installer and the Geosynthetic QAC shall each use different colored markers or other 
materials approved by the Project Manager that are readily visible for writing on the geomembrane.  The 
markers used must be semi-permanent and compatible with the geomembrane.  
 
4.6   FIELD SEAMING 
 
4.6.1   Seam Layout 
 
With the submittal of the Fabricator for approval, the Installer shall provide the Project Manager and the 
Geosynthetic QAC with a panel layout drawing.  This drawing shall present all the proposed seams of the 
lining system at the facility.  The Geosynthetic QAE shall review the panel layout drawing and verify that it is 
consistent with accepted state-of-practice.  The Project Manager and Geosynthetic QAC must approve the 
panel layout drawing.   
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In general, seams should be oriented parallel to the line of maximum slope.  In corners and odd-shaped 
geometric locations, the number of seams should be minimized.  No horizontal seam should be less than 5 ft 
(1.5 m) from the toe or crest of the slope, or from areas of potential stress concentrations, unless otherwise 
authorized by the Project Manager.   
 
A seam numbering system compatible with the panel numbering system shall be used by the Geosynthetic 
QAC.   
 
4.6.2   Accepted Seaming Methods 
 
Approved processes for field seaming geomembranes are as follows: 
 

For HDPE Geomembranes: 

• Extrusion Welding 
• Thermal Fusion Welding  

 
For fPP/fPP-R Geomembranes: 

• Thermal Fusion Welding  
• Extrusion Welding (for patches and repairs) 
 

For PVC Geomembranes: 

• Thermal Fusion Welding  
• Chemical Fusion  
 

For LLDPE Geomembranes: 

• Extrusion Welding 
• Thermal Fusion Welding  

 
Proposed alternate processes shall be documented and submitted by the Installer to the Project Manager for 
approval.  
 
4.6.2.1   Thermal Fusion Process 
 
Standard hot wedge welding will create a single, seam of uniform width, whereas a dual track (or split) hot 
wedge will form two parallel seams with a uniform, unbonded, air space between them.  Both methods are 
acceptable, however, dual tank welding is preferred. 
 
The Geosynthetic QAC shall log seaming apparatus, and ambient temperatures, as measured one foot above 
the geomembrane surface, at appropriate intervals and report any noncompliance to the Project Manager.  
Prior to field seaming, the seam area shall be clean and free of moisture, dust, dirt, debris, chicken bones, or 
foreign material of any kind. 
 
The Geosynthetic QAC shall also verify that: 
 

1. The Installer maintains on-site the number of spare operable seaming apparatus agreed upon at the 
pre-construction meeting. 

 
2. Equipment used for seaming will not damage the geomembrane. 
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3. The electric generator is placed on a smooth base such that no damage occurs to the geomembrane 

and any fuel spills can be promptly cleaned without contacting the geomembrane.  Fuel shall not be 
stored on liner surface. 

 
4. A smooth insulating plate or fabric is placed beneath the hot welding apparatus after usage such that 

no damage occurs to the geomembrane. 
 
5. A movable protective layer is used as required by the Installer directly below each overlap of 

geomembrane that is to be seamed to prevent buildup of moisture between the sheets and to prevent 
debris from collecting around the pressure rollers. 

 
6. In general, the geomembrane panels are aligned to have an overlap of 4 to 6 in (100 mm to 150 

mm) for fusion welding.  In any event, the final overlap shall be sufficient to allow peel tests to be 
performed on the seam.   

 
7. No solvent or adhesive is used.   
 
8. The geomembrane is protected from damage in heavy traffic areas. 

 
4.6.2.2   Extrusion Process 
 
The Geosynthetic QAC shall log seaming apparatus and ambient temperatures, as measured 1 foot above 
geomembrane surface, at appropriate intervals and report any noncompliance to the Project Manager. 
 
The Geosynthetic QAC shall verify that: 
 

1. The Installer maintains on-site the number of spare operable seaming apparatus agreed upon at the 
pre-construction meeting. 

 
2. Equipment used for seaming will not damage the geomembrane. 
 
3. Prior to beginning a seam, the extruder is purged until all heat-degraded extrudate has been 

removed from the barrel. 
 
4. Clean and dry welding rods or extrudate pellets are used. 
 
5. The electric generator is placed on a smooth base such that no damage occurs to the geomembrane. 
 
6. Grinding is completed no more than one hour prior to seaming.  The Geosynthetic QAC shall 

review the grinding prior to extrusion welding. 
 
7. A smooth insulating plate or fabric is placed beneath the hot welding apparatus after usage such that 

no damage occurs. 
 
8. The geomembrane is protected from damage in heavy traffic areas. 
 
9. No exposed grinding marks shall be evident. 
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10. In general, the geomembrane panels are aligned to have a nominal overlap of 3 in (75 mm) for 
extrusion welding.  In any event, the final overlap shall be sufficient to allow peel tests to be 
performed on the seam. 

 
11. No solvent or adhesive is used. 
 
12. The procedure used to temporarily bond adjacent panels together does not damage the 

geomembrane; in particular, the temperature of hot air at the nozzle of any temporary welding 
apparatus is controlled such that the geomembrane is not damaged.   

 
4.6.2.3   Chemical Fusion (For PVC only) 
 
Chemical fusion of PVC geomembranes may be achieved through the use of solvents.  This method of 
seaming shall only be used if thermal fusion cannot be used, as determined by the Geosynthetic QAC.   
 
The Geosynthetic QAC shall verify that: 
 

1. In general, the geomembrane panels shall be aligned so as to create a “shingling” effect down 
gradient, with a nominal overlap of 6 in (75 mm) to 8 inches (200 mm) to produce a 4-inch wide 
seam.  The final overlap shall be sufficient to allow peel tests to be performed on the seam. 

 
2. Care shall be taken to clean the seam area with a rag prior to the application of any solvents. 
 
3. The chemical fusion agent shall be applied to both surfaces to be joined, the lower of which shall be 

completely wetted by the agent.  A sufficient amount of solvent shall be placed to ensure a 
continuous 4-inch weld path. 

 
4. After solvent application, the seam area should be rolled with a seam roller to release any air 

bubbles and to form a continuous seam path.   
 
4.6.3   Trial Seams 
 
Trial seams shall be made on fragment pieces of geomembrane liner to verify that conditions are adequate for 
production seaming.  For each combination of seaming apparatus and seaming technician used each day, trial 
seams shall be made at the beginning of each seaming period, if power outages to equipment occur, if 
conditions or equipment settings change, and at least once every five hours.  Trial seams shall be made under 
the same conditions as production seams.   
 
The trial seam sample shall be at least 5 ft (1.6 m) long by 1 ft (0.3 m) wide (after seaming) with the seam 
centered lengthwise.  Seam overlap shall be as indicated in Section 6.6.2.  Two 1-inch wide specimens shall 
be cut by the Installer at the locations selected randomly along the trial seam sample by the Geosynthetic 
QAC.   
 
The specimens shall be tested in peel and shear using a field tensiometer.  The tensiometer shall be capable of 
maintaining a constant jaw separation rate of twenty inches per minute (two inches per minute for HDPE).  
They should not fail in the seam.  If a specimen fails, the entire trial seam operation shall be repeated.  If the 
additional specimen fails, the seaming apparatus and seamer shall not be accepted and shall not be used for 
seaming until the deficiencies are corrected and two consecutive successful trial seams are achieved.  Note that 
such field testing does not apply to PVC chemical fusion seams.  The Geosynthetic QAC shall observe all trial 
seam procedures.   
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4.6.4   General Seaming Procedures 
 
During general seaming, the Geosynthetic QAC shall ensure that the Installer employs the following seaming 
procedures: 
 

1. Fishmouths or wrinkles at the seam overlaps shall be cut along the ridge of the wrinkle in order to 
achieve a flat overlap.  The cut fishmouths or wrinkles shall be seamed and any portion where the 
overlap is inadequate shall then be patched with an oval or round patch of the same geomembrane 
extending a minimum of 6 in (150 mm) beyond the cut in all directions.  All overlaps shall be 
oriented down gradient to produce a “shingling” effect. 

 
2. If seaming operations are carried out at night, adequate illumination as determined by the 

Geosynthetic QAC shall be provided. 
 
3. Seaming shall extend to the outside edge of panels placed in the anchor trench. 
 
4. If applicable, all cross seam tees should be extrusion welded to a minimum distance of 4 inches on 

each side of the tee. 
 
5. To achieve proper support, a flat board, a conveyor belt, or similar hard surface may be placed 

directly under the seam overlap.   
 
4.6.5   Seaming Weather Conditions 
 
4.6.5.1   Cold Weather Conditions 
 
To ensure a quality installation, if seaming is conducted when the ambient temperature is below 32ºF (0ºC), 
the following conditions shall be met: 
 

1. The Geosynthetic QAC shall determine the ambient temperature, as measured 1 foot above the 
geomembrane surface, at intervals of at least once per 100 feet (30 m) of seam length to determine 
if preheating is required.  For extrusion welding, preheating is required if the ambient temperature is 
below 32ºF.  For chemical fusion field seaming, preheating is generally necessary if the temperature 
falls below 40ºF. 

 
2. For fusion welding, preheating may be waived if the Installer demonstrates to the Geosynthetic 

QAE’s satisfaction that welds of equivalent quality may be obtained without preheating at the 
expected temperature of installation.   

 
3. If preheating is required, the Geosynthetic QAC shall observe all areas of geomembrane that have 

been preheated by a hot air device prior to seaming to ensure that they have not been overheated. 
 
4. Care shall be taken to confirm that wind chill does not adversely affect the pre-heat requirements 

specified for welding.  It may be necessary to provide wind protection for the seam area. 
 
5. All preheating devices shall be approved prior to use by the Project Manager. 
 
6. Sheet grinding may be performed before preheating, if applicable. 
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7. Trial seaming, as described in Section 4.6.3, shall be conducted under the same ambient 
temperature and preheating conditions as the production seams.  

 
4.6.5.2   Warm Weather Conditions 
 
Should ambient temperatures, as measured 1 foot above the geomembrane, rise above 104ºF, no seaming of 
the geomembrane shall be permitted unless the Installer can demonstrate to the satisfaction of the Project 
Manager that geomembrane seam quality is not compromised.  Trial seaming, as described in Section 4.6.3, 
shall be conducted under the same ambient temperature conditions as the production seams.  At the option of 
the Geosynthetic QAC, additional destructive tests may be required for any suspect areas.   
 
4.7   NONDESTRUCTIVE SEAM TESTING 
 
4.7.1   General 
 
The Installer shall nondestructively test all field seams over their full length using an air pressure test (for dual 
track thermal welds only), an air lance test (generally for PVC and fPP single track thermal welds), a vacuum 
test (not recommended for PVC liners) or other approved method to verify the continuity of the seams.  The 
Geosynthetic QAC shall observe and document (location, data, test unit number, name of tester, and outcome) 
the nondestructive testing. 
 
4.7.2   Air Pressure Testing 
 
Air pressure testing is applicable to double wedge seaming which produces a double seam with an enclosed 
air channel.  This air space is filled with air, allowing the detection of unbonded sections, voids, and 
discontinuities by monitoring pressure drops. 
 

1. The equipment for air pressure testing shall consist of the following: 
a. An air pump (manual or motor driven), equipped with pressure gauge and capable of 

generating and sustaining a pressure between 25 and 30 psi (160 and 200 kPa) and mounted on 
a cushion to protect the geomembrane.  

b. A rubber hose with fittings and connections.  
c. A sharp hollow needle, or other pressure feed device, approved by Project Manager. 

 
2. The following procedures shall be followed:  

a. Seal both ends of the seam to be tested.  
b. Insert needle or other approved pressure feed device into the air channel created by the fusion 

weld. 
c. Insert a protective cushion between the air pump and the geomembrane.  
d. Pressurize the air channel to a pressure of approximately 30 psi (200K Pa).  Close valve, allow 

2 minutes for pressure to stabilize, and sustain pressure for at least 5 minutes.  
e.  If loss of pressure exceeds the maximum permissible pressure differential as outlined in the 

project specifications or does not stabilize, locate faulty area and repair in accordance with 
Section 7.9.3. 

f. Cut opposite end of tested seam area once testing is completed to verify continuity of the air 
channel.  If air does not escape, locate blockage and retest unpressurized area.  Repair the cut 
end of the air channel. 

g. Remove needle or other approved pressure feed device and patch the hole in the geomembrane 
in a manner applicable to the geomembrane type. 
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4.7.3   Vacuum Testing 
 
Vacuum testing is applicable to extrusion welding and to non-seam areas of the liner.  This method is not 
recommended for PVC liners. 
 

1. The equipment shall consist of the following: 
a. A vacuum box assembly consisting of a rigid housing, a transparent viewing window, a soft 

neoprene gasket attached to the bottom, a porthole or valve assembly, and a vacuum gauge.  
b. A pump assembly equipped with a pressure controller and pipe connections.  
c. A rubber pressure/vacuum hose with fittings and connections.  
d. A soapy solution.  (Geosynthetic QAC shall ensure solution makes bubbles when air is passed 

through.  Windshield washer fluid shall be used as anti-freeze in cold weather.) 
e. A bucket and wide paint brush, or other means of applying the soapy solution. 

 
2. The following procedures shall be followed:  

a. Wet a strip of geomembrane approximately 12 in x 48 in (0.3 m x 1.2 m) with the soapy 
solution.  

b. Place the box over the wetted area.  
c. Close the bleed valve and open the vacuum valve.  
d. Ensure that a leak-tight seal is created.  
e. Energize the vacuum/venturi pump and reduce the applied pressure to approximately 5 psi 

(10 in of Hg/35 kPa) gauge.  
f. For a minimum of 10 seconds, apply vacuum with the box placed and maintaining a seal, 

examine the geomembrane through the viewing window for the presence of soap bubbles. 
g. If no bubble appears after 10 seconds, close the vacuum valve and open the bleed valve, move 

the box over the next adjoining area with a minimum 3 in (75 mm) overlap, and repeat the 
process.  

h. All areas where soap bubbles appear shall be marked and repaired.  
 
4.7.4   Air Lance Testing 
 
Air Lance Testing is applicable to all solvent and single-wedge welded seams.  This method works best for 
relatively thin (40 mil), PVC and fPP liners.  Note that this method will only detect defects that are open at the 
location where the air pressure is directed. 
 

1. The equipment for air lance testing shall consist of the following: 
a. an air compressor, air hose, and an air lance wand equipped with a pressure gauge capable of 

measuring the air flow at the tip 
b. The air lance shall be capable of supplying 80 psi through a 3/16-inch diameter nozzle 

 
2. The following procedures shall be followed:  

a. Place the air lance wand ¼ inch to ½ inch from the edge of the completed seam, directing the 
air pressure beneath the upper edge of the overlapped seam to detect unbonded areas. 

b. Any fluttering or inflation of the localized area is a sign of air penetration through the seam.  
Unbonded areas may also be detected by an audible sound. 

c. If any unbonded areas are detected, locate faulty area and repair in accordance with 
Section 4.9.3. 
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4.8   DESTRUCTIVE SEAM TESTING 
 
4.8.1   General 
 
Destructive tests shall be performed as seaming work progresses to evaluate seam strength.  This will ensure 
the availability of test results before the geomembrane is covered by another material.   
 
4.8.2   Sampling Procedures 
 
The Geosynthetic QAC shall select the locations for seam sampling.  The frequency and locations shall be 
established as follows:   
 

1. A minimum frequency of one test location per 1000 ft (305 m) of production seam length 
performed by each welding machine or as indicated in the project specifications.  This frequency is 
to be determined as an average taken throughout the entire facility.  The Geosynthetic QAC shall 
document the destructive samples taken for each combination of seaming apparatus and technician.   

 
2. Test locations shall be determined during seaming at the Geosynthetic QAC’s discretion.  Special 

consideration shall be given to locations where the potential for imperfect welding, such as 
overheating, contamination, or offset welds exists.   

 
As the Installer cuts samples at the chosen locations, the Geosynthetic QAC shall: 
 

1. Observe sample cutting.  
 
2. Assign a number to each sample, and mark it accordingly.  
 
3. Record sample location on layout drawing. 
 
4. Record reason for taking the sample at this location (e.g., statistical routine, suspicious feature of 

the geomembrane).   
 

At each sampling location, samples for field and laboratory testing shall be taken by the Installer.  Sample 
dimensions shall be as indicated in the project specifications. 
 
First, two specimens for field testing should be taken.  Each of these samples shall be cut with a 1 in (25 mm) 
wide die, with the seam centered parallel to the width.  The distance between these two samples shall be 30 in 
(0.8 m).  If both samples pass the field test described in Section 4.8.3, a sample for laboratory testing shall be 
taken.   
 
The sample for laboratory testing shall be located between the samples for field testing.  The sample for 
laboratory testing shall be as indicated in the project specifications.  This sample shall be cut into two portions 
and distributed to the Geosynthetic QAC for archiving and to the Geosynthetic QAL for testing.  
 
Field seams produced using chemical fusion agents must be allowed to cure until the required seam strength 
values can be achieved. 
 
All holes in the geomembrane resulting from destructive seam sampling shall be repaired in accordance with 
repair procedures described in Section 6.9.3 immediately following receipt of successful test results.  The 
continuity of the new seams in the repaired area shall be tested according to Section 6.7.   
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4.8.3   Field Testing 
 
The two specimens designated for field testing shall be tested using a tensiometer for peel and shear and shall 
not fail according to the criteria in the project specifications.  The tensiometer shall be capable of maintaining 
a constant jaw separation rate of two inches per minute.  If the test passes in accordance with this section, the 
sample qualifies for testing in the laboratory.  If it is non-conforming, the seam should be repaired in 
accordance with Section 4.9.3.  Note that such field testing does not apply to PVC chemical fusion seams.  
Final judgment regarding seam acceptability, based on the conformance criteria provided in the project 
specifications, rests with the Geosynthetic QAE.   
 
The Geosynthetic QAC shall witness all field tests and mark all samples and portions with their number.  The 
Geosynthetic QAC shall also log the date and time, ambient temperature, number of seaming unit, name of 
seamer, welding apparatus temperatures and pressures, and pass or fail description, and attach a copy to each 
sample portion.   
 
4.8.4   Laboratory Testing (on or off-site) 
 
Destructive test samples shall be packaged and shipped, if necessary, under the responsibility of the 
Geosynthetic QAC in a manner which will not damage the test sample.  The sample shall be shipped as soon 
as possible to expedite laboratory testing.  The QAC will be responsible for storing the archive samples.  Test 
samples shall be tested by the Geosynthetic QAL.   
 
Testing shall include bonded seam strength and peel adhesion using the ASTM test method applicable to the 
geomembrane material type.   
 

HDPE LDPE fPP fPP-R 

ASTM D 6392 

 
ASTM D 6392 ASTM D 6392 ASTM D 751*  

*As modified by the National Sanitation Foundation Joint Committee on Flexible Membrane Liners Standard 
54-1991. 

 
The minimum acceptable values to be obtained in these tests shall be provided in the project specifications. 
Specimens shall be selected alternately by test from the samples (i.e., peel, shear, peel, shear).  A passing test 
shall meet the minimum acceptable values in at least 4 of the 5 specimens tested for each method.  The fifth 
must meet or exceed 80% of the given values. 
 
The Geosynthetic QAL shall provide test results within 24 hours of receiving the samples.  The Geosynthetic 
QAE shall review laboratory test results as soon as they become available, and make appropriate 
recommendations to the Project Manager.   
 
4.8.5   Destructive Test Failure 
 
When a sample fails a destructive test, whether that test is conducted by the Geosynthetic QAL or by field 
tensiometer, the Installer has two options: 
 

1. The Installer can repair the seam between any two passing destructive test locations. 
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2. The Installer can trace the welding path to an intermediate location 10 ft (3 m) minimum from the 
point of the failed test in each direction and take a sample with a 1 in (25 mm) wide die for an 
additional field test at each location.  If these additional samples pass the test, then full laboratory 
samples are taken.  If these laboratory samples pass the tests, then the seam is repaired between 
these locations.  If either sample fails, then the process is repeated to establish the zone in which the 
seam should be repaired.   

 
All acceptable repaired seams shall be bound by two locations from which samples passing laboratory 
destructive tests have been taken.  Passing laboratory destructive tests of trial seam samples taken as indicated 
in Section 6.6.3 may be used as a boundary for the failing seam.  In cases exceeding 150 ft (50 m) of repaired 
seam, a sample taken from the zone in which the seam has been repaired must pass destructive testing.  
Repairs shall be made in accordance with Section 4.10.   
 
The Geosynthetic QAC shall document all actions taken in conjunction with destructive test failures. 
 
4.9   DEFECTS AND REPAIRS 
 
4.9.1   Identification 
 
The Geosynthetic QAC shall examine all seams and non-seam areas of the geomembrane to identify any 
defects, holes, blisters, undispersed raw materials, large wrinkles and any sign of contamination by foreign 
matter.  The Installer shall clean the geomembrane surface prior to examination if the Geosynthetic QAC 
determines that the amount of dust or mud inhibits examination.   
 
4.9.2   Evaluation 
 
Each suspect location both in seam and non-seam areas shall be nondestructively tested using the methods 
described in Section 4.7.  Each location which fails the nondestructive testing shall be marked by the 
Geosynthetic QAC and repaired by the Installer.  Other lining system materials shall not cover locations 
which have been repaired until successful nondestructive and/or laboratory tests are obtained.   
 
After the completion of seaming, and prior to the placement of overlying materials, the Geosynthetic QAC 
shall determine if any wrinkles should be cut and reseamed by the Installer.  Seams produced while repairing 
wrinkles shall undergo nondestructive testing.   
 
When placing overlying material on the geomembrane, every effort must be made to minimize wrinkle 
development.  If possible, cover should be placed during the coolest weather.  Small wrinkles should be 
isolated and covered as quickly as possible to prevent their growth.  The Geosynthetic QAC shall observe the 
placement of cover materials to ensure that wrinkle formation is minimized and that, in all cases, the 
geomembrane is not folded over on itself.   
 
4.9.3   Repair Procedures 
 
Any portion of the geomembrane exhibiting a flaw, or failing a destructive or nondestructive test, shall be 
repaired.  Several procedures exist for the repair of these areas, including, but not limited to, use of welded 
patches, cap strips, sealants and/or patching tapes.  The final decision as to the appropriate repair procedure 
shall be agreed upon between the Project Manager, Installer, Designer, and Geosynthetic QAC.   
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The repair procedures available may include: 
a. Patching, used to repair holes, tears, undispersed raw materials, and contamination by foreign 

matter.  
b. Spot welding used to repair pinholes, or other minor, localized flaws.  
c. Capping, used to repair large lengths of failed seams.  
d. Extrusion welding the flap, used to repair areas of inadequate fusion seams which have an 

exposed edge. 
e. Removing bad seam and replacing with a strip of new material welded into place. 

 
The Geosynthetic QAC shall observe all nondestructive testing of repairs and shall record the number of each 
repair, date and test outcome.  Each repair shall be nondestructively tested using the methods described in 
Section 4.7 as appropriate.  Repairs which pass the nondestructive test shall be taken as an indication of an 
adequate repair.  Repairs more than 150 consecutive feet (50 m) long require destructive test sampling.  Failed 
tests require that the repair shall be redone and retested until a passing test results.   
 
4.10   GEOMEMBRANE PROTECTION 
 
The intent of the quality assurance procedures indicated in this Section is to ensure that the installation of 
adjacent materials does not damage the geomembrane.  The quality assurance procedures related to the 
adjacent materials themselves are covered in separate Sections of this manual.   
 
4.10.1   Aggregate/Soils 
 
A copy of the project specifications prepared by the Designer for placement of soils shall be given to the 
Geosynthetic QAE by the Project Manager.  The Geosynthetic QAE shall verify that these project 
specifications are consistent with geosynthetic state-of-practice such as: 
 

1. Placement of soils on the geomembrane shall not proceed at an ambient temperature below 32ºF 
(0ºC) nor above 104ºF (40ºC) unless otherwise specified. 

 
2. Equipment used for placing soil shall not be driven directly on the geomembrane. 
 
3. A minimum thickness of 6 inches (0.15 m) of soil is specified between a light dozer, ground 

pressure of 5 psi (35 kPa) or lighter, and the geomembrane.   
 
4. In any areas traversed by construction traffic (any vehicles other than deployment equipment 

approved by the Project Manager) the soil layer shall have a minimum thickness of 3 ft (0.9 m).  
This requirement may be waived if provisions are made to protect the geomembrane through an 
engineered design.  Drivers shall proceed with caution when on the overlying soil and prevent 
spinning of tires or sharp turns.   

 
The Geosynthetic QAC shall measure soil thickness and verify that the required thickness is present.  The 
Geosynthetic QAC must also verify that final thickness is consistent with the design and verify that placement 
of the soil is done in such a manner that geomembrane damage is unlikely.  
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4.10.2   Sumps and Appurtenances 
 
A copy of the plans and project specifications prepared by the Designer for sumps and appurtenances shall be 
given by the Project Manager to the Geosynthetic QAC.  The Geosynthetic QAC shall review these plans and 
verify that: 

 
1. Installation of the geomembrane in sump and appurtenant areas, and connection of geomembrane to 

sumps and appurtenances have been made according to project specifications. 
 
2. Extreme care is taken while welding around appurtenances since neither non-destructive nor 

destructive testing may be feasible in these areas. 
 
3. The geomembrane has not been visibly damaged while making connections to sumps and 

appurtenances. 
 
4. A representative of the Geosynthetic QAC shall be present at all times when the Installer is welding 

geomembrane to appurtenant structures. 
 
The Geosynthetic QAC shall inform the Project Manager in writing if the above conditions are not fulfilled.   
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5.0   GEOSYNTHETIC CLAY LINERS 
 
5.1   DEFINITIONS AND APPLICABILITY 
 
Assurance that the geosynthetic clay liner (GCL) has been installed in accordance with the project plans and 
specifications shall be achieved by implementation of the following: 
 

• Verification that the minimum property values certified by the Manufacturer meet project 
specifications; 

• Conformance testing to ensure that the material meets the property values contained in the 
specifications; and  

• Visual observation and testing to ensure that proper construction techniques and procedures are 
used to deploy and seam the GCL. 

 
All tests shall be performed in an approved geosynthetics laboratory.  At a minimum, the criteria used to 
determine the acceptability of the GCL shall be as defined in the project specifications.   
 
 
5.2   QUALITY CONTROL DOCUMENTATION 
 
Prior to the installation of any GCL, the Manufacturer or Installer shall provide the Project Manager with the 
following information: 
 

1. Copies of dated quality control information issued by the bentonite supplier. 
 

2. Results of quality control tests conducted by the GCL Manufacturer to verify that the bentonite 
supplied met the GCL Manufacturer’s specifications.  The following quality control tests shall be 
performed on the bentonite: 

 
• Swell Index  - ASTM D 5890 
• Fluid loss  - ASTM D 5891 

 
Tests will be performed at a frequency of one per 100,000 lbs. of sodium bentonite clay. 

 
3. Written certification that the minimum values given in the project specifications are guaranteed by 

the Manufacturer. 
 

4. Quality control certificates, signed by a responsible party employed by the Manufacturer.  Each 
quality control certificate shall include roll identification numbers, testing procedures, and results of 
quality control tests.  At a minimum, results for the finished GCL product shall be given for: 

 
• Mass of GCL  - ASTM D 5993 
• Mass of Bentonite - ASTM D 5993 
• Moisture Content - ASTM D 5993 
• Tensile Strength  (MD) - ASTM D 6768 
• Peel Strength  - ASTM D 6496 
• Permeability, or  - ASTM D 5887 
• Flux   - ASTM D 5887 
• Long-Term Permeability - ASTM D 6766  
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At least one test for mass of GCL, mass of bentonite, moisture content, and peel strength shall be 
performed in accordance with the test methods for every 5,000 yd2 (4,000 m2).  At least one test for 
tensile strength shall be performed in accordance with the test methods for every 25,000 yd2 (20,000 
m2).  At least one test for permeability or index flux shall be performed in accordance with the test 
methods for every 30,000 yd2 (25,000 m2) of GCL produced.  

 
The following shall be maintained by the Manufacturer and be available upon request: 
 

1. The origin (supplier’s name and location of material source) and identification of the bentonite used 
for production of the GCL. 

 
2. Copies of dated quality control information provided by the geotextile Manufacturer. 

 
The Manufacturer shall identify all rolls of GCL with the following: 
 

1. Manufacturer’s name 
 
2. Product identification 
 
3. Roll number 
 
4. Roll dimensions 

 
The Geosynthetic QAE shall review these documents and shall report any discrepancies with the above 
requirements to the Project Manager.  The Geosynthetic QAE shall verify that: 
 

1. Property values certified by the Manufacturer meet all of its guaranteed specifications. 
 
2. Measurements of properties by the Manufacturer are properly documented and that the test methods 

used are acceptable. 
 
3. Quality control certificates have been provided at the specified frequency for all rolls, and that each 

certificate identifies the rolls related to it. 
 
4. Rolls are appropriately labeled. 
 
5. Project specifications and the QAP were submitted by Project Manager to the Installer. 

 
5.3   CONFORMANCE TESTING   
 
5.3.1   Sampling Procedures 
 
Upon delivery of the rolls of GCL, the Geosynthetic QAC shall ensure that conformance test samples are 
obtained in accordance with industry accepted standards such as ASTM D6072.  The rolls to be sampled shall 
be selected by the Geosynthetic QAC.  Samples shall not be taken from any portion of a roll that has been 
damaged.  Unless otherwise specified, samples shall be 2 ft (0.6 m) long by the roll width.  The Geosynthetic 
QAC shall mark the machine direction on the samples with an arrow. 
 
If the Project Manager desires, the Geosynthetic QAC can perform the conformance test sampling at the 
manufacturing plant.  This may expedite the installation process for certain projects.  Unless otherwise 
specified in the project specifications, samples shall be taken at a rate of one per 500,000 ft2 (10,000 m2) of 
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GCL.  These samples shall then be forwarded to the Geosynthetic QAL for testing to ensure conformance 
with the project specifications. 
 
5.3.2   Conformance Tests 
 
At a minimum, the following conformance tests shall be conducted on the finished GCL product, unless 
otherwise indicated in the project specifications: 
 

• Mass of GCL  - ASTM D 5993 
• Mass of Bentonite - ASTM D 5993 
• Tensile Strength  - ASTM D 6768 
• Permeability, or  - ASTM D 5887 
• Flux   - ASTM D 5887 

 
Prior to construction, direct shear testing (ASTM D 5321) of the geosynthetic-to-geosynthetic and 
geosynthetic-to-soil interfaces must be completed using the actual materials selected for liner 
components for the Engineer's use in verifying slope stability. 
 
 
5.3.3   Test Results 
 
All conformance test results shall be reviewed and accepted or rejected by the Geosynthetic QAE prior to the 
deployment of the GCL.  The Geosynthetic QAE shall examine all results from laboratory conformance 
testing and shall report any nonconformance to the Project Manager.  The Geosynthetic QAE shall be 
responsible for checking that all test results meet or exceed the property values listed in the project 
specifications.  If the Manufacturer disputes the results of the conformance testing, retesting may be conducted 
at the expense of the Manufacturer at two different geosynthetic testing laboratories approved by the Owner.   
 
If a test result reveals nonconformance, all material from the lot represented by the failing test should be 
considered out-of-specification and rejected.  Alternatively, at the option of the Project Manager, additional 
conformance test samples may be taken to “bracket” the portion of the lot not meeting specification (note that 
this procedure is valid only when all rolls in the lot are consecutively produced and numbered from one 
manufacturing line).  To isolate the out-of-specification material, additional samples must be taken from rolls 
that have roll numbers immediately adjacent to the sampled roll that had failed.  If both additional tests pass, 
the roll that represents the initial failed test and the roll manufactured immediately after that roll (next larger 
roll number) shall be rejected.  If one or both of the additional tests fail, then the entire lot shall be rejected or 
the procedure repeated with two additional tests that bracket a greater number of rolls within the lot.   
 
The Manufacturer shall bear the cost of any additional tests required as a result of failed tests.  The cost of any 
conformance testing of replacement materials shall also be borne by the Manufacturer.   
 
5.4   GCL DEPLOYMENT 
 
During shipment and storage, the GCL shall be protected from ultraviolet light exposure, moisture, excessive 
humidity, puncture, cutting, or any other damaging conditions.  GCL rolls shall be shipped and stored in 
relatively opaque and water resistant wrappings.  GCL rolls shall be stored on a flat dry surface and covered 
with a tarp or under a roof.  The roll wrappings shall only be removed shortly before deployment. 
 
The Geosynthetic QAC shall observe rolls and track log numbers upon delivery and prior to deployment at the 
site and report any deviations from the above requirements to the Project Manager.   
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The Geosynthetic QAC shall review the GCL panel deployment progress and advise the Project Manager on 
its conformance with the actual field conditions.  The Geosynthetic QAC shall verify that the Installer handles 
the GCL material in a manner that precludes damage and that GCL installation is in accordance with the 
following procedures: 
 

1. On slopes, the GCL rolls shall be deployed down the slope in such a manner as to keep slack out of 
the GCL panel. 

 
2. The GCL should be installed with the proper side of the material facing upward.  The proper 

orientation of the material should be as specified by the project specifications. 
 
3. The Installer shall take any necessary precautions to prevent damage to the prepared subgrade. 
 
4. During placement of the GCL, care shall be taken not to entrap beneath the GCL any stones, 

excessive dust or moisture that could damage the GCL or any underlying geosynthetics. 
 
5. After installation, a visual examination of the GCL shall be carried out over the entire surface to 

ensure the absence of potentially harmful foreign objects, contaminated soil or damaged.   
 
6. Loss of bentonite on edges during deployment should be minimized. 

 
The Geosynthetic QAC shall verify that no more GCL material is deployed during one working day than can 
be covered by the end of that day with the geomembrane.  GCL deployment shall not be undertaken during 
precipitation events or when there is an immediate threat of precipitation.   
 
The Geosynthetic QAC shall note any noncompliance and report it to the Project Manager. 
 
5.5   SEAMING PROCEDURES 
 
5.5.1   Seam Overlap 
 
Adjacent GCL panels shall be joined according to project plans and specifications.  At a minimum, the 
Geosynthetic QAC shall verify the Installer complies with the following requirements: 
 

1. Edge seam overlaps shall be a minimum of 6 in (150 mm). 
 
2. Roll end seam overlaps shall be a minimum 12 in (0.3 m). 
 
3. GCL roll end seams are typically not allowed on slopes.  If they are required, the Geosynthetic 

QAC shall contact the Designer to verify that the method used to attach the GCLs has adequate 
tensile strength. 

 
4. Those GCLs with a nonwoven needle-punched geotextile on both the upper and lower surfaces 

must have bentonite powder or paste placed within the overlap area.  The amount of bentonite 
added shall be as recommended by the manufacturer (typically 0.4 kg/m) 
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Prior to granting approval of the GCL, the Geosynthetic QAC shall visually verify that the following 
requirements are met: 
 

1. The required overlaps are provided.  For GCL materials with a moisture content >12%, the overlap 
shall be doubled and monitored to ensure the appropriate overlap is maintained since the panels 
may be subjected to shrinkage. 

 
2. The amount of the bentonite placed on the seam is as required by the project specifications.   

 
The Geosynthetic QAC shall note any noncompliance and report it to the Project Manager. 
 
5.6   DEFECTS AND REPAIRS 
 
Any portion of the GCL that exhibits flaws shall be repaired.  Prior to acceptance of the installed GCL, the 
Installer shall locate and repair all damaged areas of the liner as directed by the Geosynthetic QAC.  Defects 
or damage can be identified by either rips, tears, premature hydration of the GCL or de-lamination of the 
geotextiles.   
 
Rips or tears in the GCL shall be covered by another piece of material meeting the project specifications.  The 
material shall extend over the entire damaged area with a minimum 24-inch overlap in all directions.  Addition 
of bentonite to patches shall be in accordance with the project specifications.   
 
The QAC shall be notified when the GCL has been exposed to excessive moisture and has significantly 
hydrated prior to placement of overlying material.  Significant hydration is indicated by dissociation of the 
geotextiles from the bentonite core or bentonite displacement caused by light foot traffic.  The hydrated 
material shall be removed and replaced with new dry GCL material.  All defects and repairs shall be reported 
to the Project Manager.   
 
5.7   GCL PROTECTION 
 
The deployment of all materials on top the GCL shall be performed in such a manner as to ensure: 
 

1. The GCL and underlying liner materials are not damaged. 
 
2. Minimal slippage of the GCL on underlying layers occurs. 
 
3. No excess tensile stresses occur in the GCL. 
 

Any noncompliance with these guidelines or the project specifications shall be noted by the Geosynthetic 
QAC and reported to the Project Manager.   
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6.0   GEOCOMPOSITES 
 
6.1   DEFINITION AND APPLICABILITY 
 
Assurance that the geocomposite has been installed in accordance with the project plans and specifications 
shall be achieved by implementation of the following: 
 

• Verification that the minimum property values certified by the Manufacturer meet project 
specifications; 

 
• Conformance testing to ensure that the material meets the property values contained in the 

specifications; and  
 
• Visual observation and testing to ensure that proper construction techniques and procedures are 

used to deploy and seam the geocomposite. 
 
All tests shall be performed in an approved geosynthetics laboratory.  At a minimum, the criteria used to 
determine the acceptability of the geocomposite shall be as defined in the project specifications.   
 
6.2   QUALITY CONTROL DOCUMENTATION 
 
Prior to the installation of any geocomposite, the Manufacturer or Installer shall provide the Project Manager 
with the following information: 
 

1. Reports on quality control tests conducted by the Manufacturer to verify that the finished 
geocomposite, as well as the geonet and geocomposite components thereof, meet the project 
specifications. 

 
2. A specification for the geocomposite that includes all properties published by the Manufacturer, 

measured using the appropriate test methods. 
 
3. The origin (resin supplier’s name and resin production plant) and identification (brand name and 

number) of the resin used to manufacture the geocomposite. 
 
4. Written quality control certificates, signed by a responsible party employed by the Manufacturer 

and stating that the product will meet the minimum average roll values (MARV) given in the 
specification.  The quality control certificates shall include roll identification numbers, testing 
procedures and results of quality control tests.  At a minimum, results shall be given for: 
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• Geocomposite Transmissivity  - ASTM D 4716 
• Geocomposite Ply Adhesion  - ASTM D 7005 
• Geonet Core Thickness   - ASTM D 5199 
• Geonet Core Density   - ASTM D 1505 
• Geonet Core Tensile Strength  - ASTM D 5036 
• Geonet Core Carbon Black Content - ASTM D 1603 
• Geotextile Mass per Unit Area  - ASTM D 5261 
• Grotextile grab Tensile Strength  - ASTM D 4632 
• Geotextile Grab Tensile Elongation - ASTM D 4632 
• Geotextile Trapezoidal Tear Strength - ASTM D 4533 
• Geotextile Puncture (pin) Strength - ASTM D 4833 

 
 The quality control tests for the completed geocomposite shall be performed in accordance with the 

test methods for at least every 50,000 ft2 of geocomposite produced for ply adhesion and at least 
every 540,000 ft2 of geocomposite produced for transmissivity.  The quality control tests for the 
geonet core shall be performed in accordance with the test methods for at least every 50,000 ft2 of 
geocomposite produced.  The quality control tests for the geotextile shall be performed in accordance 
with the test methods for at least every 100,000 ft2 of geocomposite produced. 

 
The Manufacturer shall identify all rolls of geocomposites with the following: 
 

1. Manufacturer’s name 
 
2. Product identification 
 
3. Roll number 
 
4. Roll dimensions 

 
The Geosynthetic QAE shall review these documents and shall report any discrepancies with the above 
requirements to the Project Manager.  The Geosynthetic QAE shall verify that: 
 

1. Property values certified by the Manufacturer meet all of its guaranteed specifications. 
 
2. Measurements of properties by the Manufacturer are properly documented and that the test methods 

used are acceptable. 
 
3. Quality control certificates have been provided at the specified frequency for all rolls, and that each 

certificate identifies the rolls related to it. 
 
4. Roll packages are appropriately labeled. 
 
5. Certified minimum average roll values meet the project specifications.   
 
6. Project specifications and a copy of the QAP were submitted by the Project Manager to the 

Installer.   
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6.3   CONFORMANCE TESTING   
 
6.3.1   Sampling Procedures 
 
Upon delivery of the rolls of geocomposites, the Geosynthetic QAC shall select geocomposite rolls for 
sampling. Unless otherwise specified, samples shall be 3 ft (1 m) long by the roll width.  The Geosynthetic 
QAC shall mark the machine direction on the samples with an arrow.  All lots of material and the particular 
test sample that represents each lot should be defined before the samples are taken. 
 
Samples shall be taken at a rate indicated below in Section 6.3.2.  These samples shall then be forwarded to 
the Geosynthetic QAL for testing to ensure conformance with the project specifications.   
 
6.3.2   Conformance Tests 
 
At a minimum, the following conformance tests shall be performed on geocomposites unless otherwise 
indicated in the project specifications: 
 

• Geocomposite Transmissivity  - ASTM D 4716 
• Geocomposite Ply Adhesion  - ASTM D 7005 
• Geonet Core Thickness   - ASTM D 5199 
• Geonet Core Density   - ASTM D 1505 
• Geonet Core Tensile Strength  - ASTM D 5036 
• Geonet Core Carbon Black Content - ASTM D 1603 
• Geotextile Mass per Unit Area  - ASTM D 5261 
• Grotextile grab Tensile Strength  - ASTM D 4632 
• Geotextile Grab Tensile Elongation - ASTM D 4632 
• Geotextile Trapezoidal Tear Strength - ASTM D 4533 
• Geotextile Puncture (pin) Strength - ASTM D 4833 

 
 The quality control tests for the completed geocomposite shall be performed in accordance with the 

test methods for at least every 100,000 ft2 of geocomposite produced for ply adhesion and at least 
every 500,000 ft2 of geocomposite produced for transmissivity.  The quality control tests for the 
geonet core shall be performed in accordance with the test methods for at least every 100,000 ft2 of 
geocomposite produced, except for carbon black to be tested for at least every 200,000 ft2 of 
geocomposite produced.  The quality control tests for the geotextile shall be performed in accordance 
with the test methods for at least every 100,000 ft2 of geocomposite produced. 

 
Prior to construction, direct shear testing (ASTM D 5321) of the geosynthetic-to-geosynthetic and 
geosynthetic-to-soil interfaces must be completed using the actual materials selected for liner 
components for the Engineer's use in verifying slope stability. 
 
 
6.3.3   Test Results 
 
The Geosynthetic QAC shall review and accept or reject all conformance test results prior to the deployment 
of the geocomposite.  Any nonconformance shall be reported to the Project Manager.  The Geosynthetic QAC 
shall be responsible for checking that all test results meet or exceed the property values listed in the project 
specifications.  If the Manufacturer disputes the results of the conformance testing, retesting may be conducted 
at his expense at two different geosynthetics testing laboratories approved by the Owner.   
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If a test result reveals nonconformance, all material from the lot represented by the failing test should be 
considered out-of-specification and rejected.  Alternatively, at the option of the Project Manager, additional 
conformance test samples may be taken to “bracket” the portion of the lot not meeting project specifications 
(note that this procedure is valid only when all rolls in the lot are consecutively produced and numbered from 
one manufacturing line).  To isolate the out-of- specification material, additional samples must be taken from 
rolls that have roll numbers immediately adjacent to the sampled roll that had failed.  If both additional tests 
pass, the roll that represents the initial failed test and the roll manufactured immediately after that roll (next 
larger roll number) shall be rejected.  If one or both of the additional tests fail, then the entire lot shall be 
rejected or the procedure repeated with two additional tests that bracket a greater number of rolls within the 
lot.   
 
The Manufacturer shall bear the cost of any additional tests required as a result of failed tests.  The cost of any 
conformance testing of replacement materials shall also be borne by the Manufacturer.   
 
6.4   GEOCOMPOSITE DEPLOYMENT 
 
During shipment and storage, the geocomposite shall be protected from ultraviolet light exposure, moisture, 
mud, dirt, dust, puncture, cutting, or any other damaging or deleterious conditions.  Geocomposite rolls shall 
be shipped and stored in relatively opaque and watertight wrappings.  Wrappings shall not be removed until 
shortly before deployment.   
 
The Geosynthetic QAC shall observe rolls upon delivery at the site and report apparently damaged or 
improperly wrapped rolls to the Project Manager.   
 
The Installer shall ensure that geocomposites are not damaged during handling.  The QAC shall ensure that 
the geocomposite is deployed as described below: 
 

1. On slopes, the geocomposites shall be securely anchored and then rolled down the slope in such a 
manner as to continually keep the geocomposite sheet in tension.   

 
2. In the presence of wind, the Contractor shall weigh down all geocomposites with sandbags or the 

equivalent.  These ballast materials shall be installed during deployment and shall remain until 
replaced with cover material.   

 
3. Geocomposites shall be cut using a hook blade or other tool approved by the Project Manager.  If in 

place, special care shall be taken to protect other materials from potential damage caused by the 
cutting of the geocomposites. 

 
4. The Installer shall take any necessary precautions to prevent damage to underlying layers during 

placement of the geocomposite. 
 
5. During placement of geocomposites, care shall be taken not to entrap stones, excessive dust, or 

moisture in or beneath the geocomposite that could damage the geomembrane, cause clogging of 
drains or filters, or hamper subsequent seaming. 

 
The Geosynthetic QAC shall note any noncompliance and report it to the Project Manager. 
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6.5   SEAMING PROCEDURES 
 
In general, no horizontal seams shall be allowed on sideslopes (seams along, not across, the slope) except as 
part of a patch.  When horizontal seams are necessary, adjacent seams shall be offset in adjacent panels and 
shall be "shingled" downhill.  At the option of the Geosynthetic CQA, a stronger thread and stitch may be 
required. 
 
At a minimum, the following requirements shall be met: 
 

1. Adjacent geocomposite shall be overlapped so that the geonet overlaps by at least 4 inches 
and the geotextile overlaps by at least 3 inches.  

2. The geonet overlaps shall be tied with plastic fasteners.  Tying devices shall be white or 
yellow for easy inspection.  Metallic devices are not allowed. 

3. Tying shall be every 5 ft (1.5 m) along the slope and, every 6 in. (0.15 m) in anchor trench 
and along end-to-end seams on the base of the landfill. 

4. In corners of side slopes where overlaps between perpendicular geonet strips are required, an 
extra layer of geonet shall be unrolled along the slope, on top of the previously installed 
geocomposites, from top to bottom of slope. 

5. When more than 1 layer of geonet is installed, joints shall be staggered. 
6. On slopes steeper than 10:1 (horizontal:vertical), all geocomposites shall be continuously sewn.  

Spot sewing is not allowed.  On bottoms and slopes shallower than 10:1, geocomposites shall be 
continually sewn, or thermally bonded if overlying an aggregate layer, with the written approval 
of the Project Manager. 

7. Any sewing shall be done using polymeric thread with chemical and ultraviolet light resistance 
properties equal to or exceeding those of the geotextile.  The color of the sewing thread shall 
contrast the background color of the geotextile.  Unless otherwise noted in the Contract 
Documents, the seam type shall be Federal Standard Type (No. 751.a) SSN-1, and the stitch shall 
be Type 401. 

 
6.6   DEFECTS AND REPAIRS 
 
6.6.1   Identification 
 
If a defect is identified in the geocomposite, the Geosynthetic QAC shall determine the extent and nature of 
the defect.  If the defect is indicated by unsatisfactory test results, the Geosynthetic QAC shall determine the 
extent of the deficient area by additional tests, observations, a review of records and other means that the 
Geosynthetic QAC deems appropriate.   
 
6.6.2   Notification 
 
After determining the extent and nature of the defect, the Geosynthetic QAC shall promptly notify the Installer 
and Project Manager.  A work deficiency meeting shall be held as required between the Installer, Geosynthetic 
QAC, Designer, Project Manager and any other necessary parties to assess the problem, review alternative 
solutions, and implement an action plan.   
 
6.6.3   Repair Procedures 
 
If in the Geosynthetic QAC’s judgment, the defect is determined to be small, (typically smaller than 3 ft 
by 3 ft), the geocomposite shall be repaired as follows:  
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1. If the geonet is judged to be undamaged but the geotextile is damaged, a patch of geotextile 
shall be placed.  The geotextile patch shall provide a minimum 12-inch seam overlap in all 
directions. 

2. If the geonet is judged to be damaged, the damaged geonet shall be removed.  A section of 
geonet shall be cut to replace the removed section.  The geonet shall be tied to the existing 
geonet using white plastic fasteners placed at least every 6 inches on overlap.  A geotextile 
patch shall be placed over the repaired geonet section.  The geotextile patch shall be thermally 
bonded in place with a minimum of 12-inch overlap in all directions.  Sew patch in place or 
thermally bond.  Thermal bonding on nonwoven geocomposite cushion shall require approval 
from the Geosynthetic QAC. 

 
If in the Geosynthetic QAC’s judgement, the defect is determined to be large (typically larger than 3 ft by 
3 ft), the geocomposite shall be replaced.  
 
The final decision as to the appropriate repair shall be agreed upon between the Project Manager, Installer, 
Designer, and Geosynthetic QAE. 
 
The Geosynthetic QAC shall observe any repair and report any noncompliance with the above requirements in 
writing to the Project Manager.   
 
6.7   GEOCOMPOSITE PROTECTION 
 
All soil materials located on top of a geocomposite shall be deployed in such a manner as to ensure: 
 

1. The geocomposite and underlying lining materials are not damaged. 
 
2. Minimal slippage and wrinkling of the geocomposite on underlying layers occurs. 
 
3. No excess tensile stresses occur in the geocomposite. 
 

At a minimum, any noncompliance with these guidelines or the project specifications shall be noted by the 
Geosynthetic QAC and reported to the Project Manager.   
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