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1.0     INTRODUCTION 

 

1.1  Site History 

 

Evergreen Packaging – Canton Mill (Evergreen) owns and operates a solid waste landfill known 

as Landfill No. 6 under Permit #44-061 of the North Carolina Department of Environment and 

Natural Resources (NCDENR), Division of Solid Waste.  The 240-acre site is used for the 

disposal of boiler fly ash, cinders, dewatered wastewater treatment sludge, lime mud, 

woodwaste, biosolids, and asbestos containing material (ACM).   

 

Landfill No. 6 is divided into eight major landfilling areas designated as Areas A through H.  The 

original design of the facility was based upon plans and specifications2 prepared by Law 

Engineering and Testing Company (Law) of Charlotte, North Carolina.  Areas A through E are 

designated for sludge, ash, lime mud, and wood waste disposal.  Areas F, G, and H are 

designated for lime mud and ACM disposal.  Areas A-East, A-West, B, C, F, G, and H have 

been constructed according to the original design specifications and landfilled to capacity.  In 

addition, Areas A-East, A-West, B, C, F, and G have been capped according to the original 

design.  The current operating area, Area D South, will reach capacity in early 2015.  Upon 

reaching capacity in Area D South, the next stage of development is planned for Area D North, 

then Area E.   

 

In 2013, Evergreen retained the services of SME to conduct a hydrogeologic investigation and 

prepare engineering drawings and specifications for Area D North.  SME has prepared this 

document to detail the proposed site development and construction specifications for the 

second phase of development, Area D North.   

 

1.2  Site Location 

 

Evergreen’s Landfill No. 6 is located approximately two (2) miles northwest of the City of Canton 

in Haywood County, North Carolina.  The 240-acre site is situated north of the Pigeon River and 

south of Interstate I-40, between State Routes 1550 and 1513.  A site location plan is provided 

as Figure 1-1.   
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1.3  Basis of Design 

 

The objective of this design is to present a site development plan which will protect the 

environment, complement the existing operation plan, and maximize landfilling volume for the 

planned area of the landfill.   

 

Protection of groundwater quality is provided by the use of a geosynthetic liner.  The liner 

proposed for use is 60-mil textured High Density Polyethylene (HDPE) overlying a geosynthetic 

clay liner at the base of the landfill.   

 

The design of Area D North proposes to include perimeter and temporary landfill access roads 

for efficient traffic movement.  

 

The landfill waste volume is maximized through the base grading plan which includes 2H:1V 

sideslope grades and a minimum 2-percent base grade.   

 

 1.4  Design Support 

 

The proposed design is supported by calculations presented herein for the following:  stability of 

the geomembrane anchor trench; piping system design strength; maximum leachate head-on 

the liner; geotextile cushion design to protect the geomembrane from the leachate collection 

stone; and, erosion control measures and temporary detention of clean storm water runoff.   

 

The design of Area D North is based on engineering evaluations consistent with those normally 

employed in geotechnical engineering for landfills.   
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2.0     LANDFILL DESIGN 

 

2.1  Design Considerations 

 

The proposed landfill facility is designed as a secure landfill for the acceptance of pulp and 

paper production residuals from Evergreen.  In general, the facility will be an area-type landfill 

where waste will be spread and compacted to create an above-grade mound.  The design of 

this landfill is based on the volume and characteristics of the waste and the physical 

characteristics of the site.  The primary objective is to provide an ultimate disposal mechanism 

which will not cause degradation of the environment.   

 

2.2  Base Liner System 

 

Area D North will utilize a liner system consisting of a 60-mil HDPE textured geomembrane and 

geosynthetic clay liner (GCL) over 1 feet of screened, compacted site soils, refer to drawing 

C-300 in Attachment A.  The combination of the HDPE liner and GCL reduces leachate leakage 

rates by providing a barrier with a very low hydraulic conductivity, i.e. 1x10-13 cm/sec, between 

the waste and the native soils.   

 

A textured geomembrane was selected for an increased interface friction angle between the 

geomembrane and the soil subgrade and the overlying non-woven geotextile.  The textured 

geomembrane will provide stable liner sideslopes and allow for safer installation and oversight 

of the geomembrane installation on the 2H:1V sideslopes.  Installation of the geomembrane will 

follow a quality assurance/quality control plan as presented in the Engineering Specifications, 

provided in Attachment D.   

 

2.3  Base Grading 

 

Base grading of Area D North will require filling (fill) and excavation (cut) of soil and weathered 

bedrock to meet the proposed base grades, refer to drawings C-103 and C-104 in 

Attachment A.  The maximum expected excavation depth is approximately 64 feet and 

maximum expected filling depth is approximately 70 feet.  The estimated volume of material 

filling and excavation is listed in Table 2-1 below.   
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TABLE 2-1 
 

ESTIMATED CUT/FILL VOLUMES 
 

Material Cut/Fill Volume (cu yd) 
 

Stripping 17,500 
 

Soil Fill 560,000 
 

Soil Cut 674,000 

 

The overburden soils consist primarily of saprolite (residuum) that transitions to partially 

weathered rock (PWR), which may be soil-like between blocks of rock.  The PWR eventually 

becomes competent bedrock with depth.  Experience at the site has shown that the shallow 

saprolite can be excavated with standard earthmoving equipment.  As the excavation becomes 

deeper into the saprolite, the excavation becomes more difficult requiring machinery with ripping 

attachments.  Finally as the soil transitions to PWR, the saprolite and PWR cannot be 

excavated with heavy equipment, but would require blasting.  In order to better estimate the 

layer of soil and PWR requiring blasting a geophysics program was conducted over Area D 

North.  The geophysical investigation, using seismic refraction techniques, was completed by 

Geo Solutions, Inc. (Geo Solutions) for Area D North.  The geophysical investigation included a 

field investigation, which occurred between February 18 and February 24, 2013.  The 

geophysics program consisted of 12 seismic lines.   

 

In conjunction with the geophysicist, a velocity of 4,000 ft/s or greater was chosen as the criteria 

for requiring blasting to excavate the saprolite or PWR.  That surface when compared to the 

base grades will require about 74,000 cubic yards of material to be blasted by the contractor.  A 

blasting specification is provided in Attachment D.   

 

The proposed base grades were designed to provide a minimum of 4 feet of separation 

between seasonal high water elevation and waste.   

 

2.4  Leachate Collection and Transport System 

 

Leachate collection above the geomembrane is provided through the placement of 15 inches of 

granular drainage material and HDPE perforated collection piping (minimum diameter 6 inches); 

refer to Drawings C-105 and C-300 in Attachment A.  The leachate collection system is a gravity 

drain system that has been designed to meet the Department’s design criteria for maximum 
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head-on a liner using estimated leachate generation rates predicted by the U.S.EPA Hydrologic 

Evaluation of Landfill Performance (HELP) model Version 3.07.   

 

The leachate pipe spacing, based upon the landfill base slopes and HELP model impingement 

rates, will not exceed 200 feet (slope length).  The main leachate collection headers will run in a 

north/south direction and tie into leachate collection piping and a leachate collection sump 

located in Area D South.  An existing pump station then transports the leachate to the existing 

leachate storage ponds via a 6-inch force main connected to the existing 12-inch pipeline 

servicing Area C.  The leachate collection system is designed to drain leachate from the landfill 

without any penetrations through the liner system. 

 

The leachate collection pipes at the base of the landfill will be extended to the rim elevation of 

the landfill.  The purpose of the pipe extensions is to provide access to the header for cleaning 

and maintenance and to provide collection of leachate for above-rim landfilling.  The location of 

the leachate collection piping system is presented in Drawing C-105 located in Attachment A.   

 

2.5  Erosion Control 

 

The site soils consist of micaceous silty-sands and/or sandy-silts which are susceptible to 

erosion.  The construction of Area D North will require a staged schedule or the use of a 

protective material (jute-mat, temporary geotextile, etc.) to minimize exposure of site soils prior 

to geomembrane installation.  An erosion control plan for construction of Area D North is 

provided in Attachment 3 of the Permit to Construct application.  The primary erosion control 

features necessary for completing Area D North are detention basins outfitted with perforated 

manholes to attenuate runoff from large, infrequent storm events while providing stormwater 

detention time for settlement of soil particles.  The detention basins are located at the northern 

boundary of Area D North and Area E.  Additional erosion control during construction will follow 

NCDENR Best Management Practices (BMP).3   

 

Above rim (landfill perimeter road elevation) erosion control is provided through proper grading 

of the perimeter access road.  The road is graded to drain away from the landfill and will drain to 

drainage channels located adjacent to the landfill area.  In addition, a silt fence will be installed 

around the perimeter of the containment dike and will be inspected and maintained to assure 

proper function.   
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2.6  Access Roadways 

 

Access for Area D North will utilize existing roadways around the perimeter of the Work Area 

along with the construction of a 16-foot-wide gravel access road associated with the Area E 

containment berm.   

 

The location of the roadways is presented on Drawings C-103 and C-104, along with detailed 

cross-sections on Drawing C-301 in Attachment A.   

 

2.7  Containment Berm 

 

Area D North is situated upgradient of Area D South and down-gradient of the future landfill 

Area E.  In order to minimize leachate generated by Area D North, upgradient runoff is 

prevented from entering the landfilling area by the construction of an earthen containment berm 

along the southerly boundary of Area E.  The containment berm diverts upgradient runoff into a 

detention basin which discharges through piping located underneath the base liner system of 

the Area D North and Area D South landfills.  Refer to Section 2.8 for a description of the 

stormwater piping system associated with the detention basin. 

 

The containment berm will be constructed ahead of the geomembrane liner system and will 

consist of suitable site soils (silty sand or sandy silt).  The top of the berm will consist of a 

geotextile overlain with 12 inches of ABC road gravel.  The berm sideslopes will also be covered 

with a geotextile and overlain with granular drainage material, #78M stone.  A cross-section of 

the containment berm is shown on Drawing C-300 in Attachment A.   

 

2.8  Stormwater Piping System 

 

The proposed stormwater piping system associated with the Area D North detention basin will 

be located beneath the base liner system and tie into the outlet pipe of an existing detention 

pond.  The existing detention basin will be filled to the base grade elevations; however, the 

existing outlet pipe will continue to transport flow beneath the 6D-South landfill and discharge 

into Detention Pond No. 1.  The location and construction details of the proposed storm drain 

pipe is shown on Drawings C-103 and C-302 in Attachment A. 
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3.0     DESIGN CONSIDERATIONS 

 

3.1  Stability 

 

3.1.1  Landfill Containment Berm and Waste Stability.  SME completed a stability evaluation in 

2007 and 2008 as part of the landfill expansion into Areas D and E.  Components of the 

evaluation included a stability analysis addressing the geotechnical performance of the 

subsurface (foundation) soils, the proposed wastes, perimeter containment dikes, and the 

landfill liner system.  The evaluation considered both static and seismic loading criteria.  The 

analyses were completed using site-specific data collected during the Fall 2007 site 

investigation (See Volume 1 of this application), laboratory testing of representative materials, 

along with data from previous SME investigations and those conducted by others.  

 

Based on interpretations of field and laboratory testing, review of available data, and results of 

the slope stability evaluation, the final grading plan for Areas D and E meet or exceed generally 

accepted safety factor requirements for both static and seismic loading for each condition 

evaluated.  The Stability Evaluation Report with associated data and calculations is presented in 

Attachment B. 

 

3.1.2  Geomembrane Anchor Trench.  The geomembrane liner will be anchored along the inside 

edge of the perimeter access road.  The anchor trench is designed to provide enough pull-out 

resistance to hold the geomembrane in place under normal operating conditions.  The anchor 

trench is also designed to allow the geomembrane to pull out of the trench under extreme 

loading conditions before the limits of the geomembrane are exceeded. 

 

Based on these criteria, the anchor trench will be buried two feet deep and will have a run-out 

length of three feet.  The design calculations and a list of design parameters are provided within 

Attachment C-1.   
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3.2  Leachate Collection System 

 

3.2.1  Maximum Leachate Head-on Liner.  An important design constraint of the leachate 

collection system is the depth at which the leachate will mound on top of the liner system.  The 

depth of the leachate over the liner or head-on the liner is directly related to the leakage rate 

through the liner system.  Therefore, the goal in designing the leachate collection system is to 

minimize the head-on the liner and likewise the leakage rate.  A typical design standard for the 

landfill leachate collection system is to maintain head levels on the liner to less than 12 inches.   

 

The maximum head-on the base liner system is calculated by using Giroud’s method4.  The 

equation to solve the head-on the liner utilizes the slope of the base liner system, the leachate 

collection stone’s hydraulic conductivity, the leachate impingement rate, the thickness of the 

leachate collection stone, and the drainage length between pipes.  The head-on the liner for the 

collection system design is 0.6 feet, which is less than the typical maximum allowable head of 

one foot.  The leachate collection/liner head calculations are shown in Attachment C-2.   

 

3.2.2  Geotextile Cushion.  The geotextile located between the geomembrane liner and the 

leachate collection stone is required to provide adequate cushion to protect the geomembrane 

from puncture.  The method to determine the cushion requirements of the geotextile utilized the 

geotextile weight, the maximum stone diameter, and the confining stresses to calculate a 

cushion pressure capacity (Boschuk5).  The proposed geotextile will provide adequate cushion 

for protection of the liner.  Design calculations presented in Attachment C-3 provide a factor of 

safety of 20.8, which exceeds the recommended minimum of 2.0.  The proposed 16 oz/sy 

cushion geotextile is considered industry standard.   

 

3.2.3  Leachate Collection and Storm Drain Pipe Strength.  The leachate collection piping must 

be able to withstand the anticipated loads produced by the depth of waste placed over the 

pipes.  The pipe material selected for the landfill is HDPE pipe which is manufactured in a 

variety of thicknesses, or Standard Diameter Ratios (SDR).  The design strength to resist 

buckling and critical pressure (crushing) was calculated using pipe thickness, perforations, and 

confining stresses under a positive projecting condition, i.e. no trench.  The proposed pipe and 

thickness, SDR 11, for the perforated leachate collection piping and storm drain piping located 

beneath the landfill meet the minimum factor of safety of 2.3 recommended by the 

manufacturer.  Calculations are provided in Attachment C-4.   
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3.2.4  Leachate Pump Station.  An existing leachate pump station is proposed to transport 

Area D North leachate to the existing 12-inch gravity leachate transport lines located east of 

Area D South.  The leachate pump station consists of two separate 275-gpm pumps housed in 

individual 24” HDPE conduits.  The conduits run from the leachate sump area in Area D South, 

up the perimeter road dike side slope, and to the pump station building which is located along 

the perimeter road on the southern boundary of Area D South.  The pumps were designed to 

remove leachate generated by the 24-hour/25-year storm event over a period of four to five 

days.  Calculations are provided in Attachment C-5.   

 

3.3  Stormwater and Erosion Control 

 

3.3.1  Perimeter Access Roadway Runoff.  The access roadway surrounding Area D North and 

Area E will be graded to drain away from the landfill, refer to Drawings C-103 and C-104 in 

Attachment A.  Calculations of peak surface water flow generated from a 25-year/24-hour 

duration storm were made using the Soil Conservation Service Technical Release Manual 

TR-20 methodology.  The calculations indicate that the capacity of the storm water detention 

ponds will not be exceeded (refer to Attachment 4 in Volume 1 of the Permit to Construct 

application).   

 

3.3.2 Sediment Control During Base Grading.  Sediment control will be provided with the 

installation of silt fence along the entire perimeter of excavations during construction of the 

perimeter road.  Detention basins located in the northwest corners of Area D North and Area E 

will provide sediment control for all upgradient areas which includes the construction of the 

containment berm and landfill access roads.  Rock Filters will be located within ditches for 

additional sediment control. 

 

Sediment control within the contained lined landfill area will not be required as all runoff is 

collected in the leachate collection system and conveyed to the leachate collection ponds. 

 

3.3.3  Stormwater Detention Prior to Landfilling.  The available capacity for stormwater detention 

within the lined Area D North is greater than the required volume of the 25-year/24-hour 

duration storm. 
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3.3.4  Erosion Control During Base Grading.  Base grading of the landfill area consists of 

excavating soil and bedrock.  The on-site soils are micaceous and are susceptible to erosion.  

To minimize erosion, the general contractor will be required to perform the work in conformance 

with the BMP Manual3 prepared by the NCDENR, and to take any additional measures required 

to protect the base soil prior to installation of the geomembrane.  An Erosion and Sediment 

Control Plan describing the measures specified for the landfill development associated with 

Area 6D-North is included as Attachment 4 of the Permit to Construct application.  
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4.0     LANDFILL CONSTRUCTION 

 

Evergreen plans to initiate construction of Area D North in the fall of 2013 and anticipates that 

the facility will be operational by the fall of 2014.  A proposed construction schedule is 

presented on Figure 4-1.  The landfill will be constructed by a general contractor who will be 

responsible for supplying the materials, labor, and equipment necessary to complete the landfill 

construction.  Services of a general contractor will be procured through a competitive bid 

process.  Bid packages for the solicitation of construction services will require the contractor to 

identify and demonstrate familiarity and experience with the various aspects of landfill 

construction.  These will include:   

 

  Earthmoving;  

  Pipe installation; and, 

  HDPE and GCL liner installation.  

 

The specific levels of experience required for the various components of the landfill are included 

in the engineering specifications prepared for the project.  The specifications are provided in 

Attachment D.   

 

4.1  Quality Assurance/Quality Control 

 

To control the quality of the soil materials used in the landfill construction, a quality 

assurance/quality control (QA/QC) program will be implemented.  The program will include 

source testing to demonstrate compliance with material specifications and construction testing 

to demonstrate that the materials have been properly installed.  In addition to source testing of 

soil materials, the contractor will be responsible for submitting to the engineer for review the 

manufacturer’s specifications and warranties for the following items:   

 

  Leachate collection pipes and fittings;  

  Liner geomembrane material; and, 

  Geotextile.   
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The specific items which must be submitted for each of these items is discussed in the 

specifications included in Attachment D.   

 

 4.1.1  Source Testing.  An excess of excavation material (cut) will result from the proposed 

Area D North project.  The material may be used for a source of borrow material; however, 

testing will be required prior to use to demonstrate compliance with the materials specifications.  

Additional materials to be used at the landfill construction will be required to be tested at their 

source prior to being delivered on-site.  The soil materials that will require source testing 

include:  granular drainage material and graded drainage stone for leachate collection, and 

gravel material for the access road.  Samples will be collected at each borrow source in 

accordance with the methods specified by ASTM D 420 and C 702, and tested by the contractor 

prior to the Owner’s acceptance of the materials.  The contractor will be required to have the 

test performed by a State of North Carolina qualified testing laboratory.   

 

4.1.2  Construction Testing.  As the soil materials are used in the landfill construction, in-place 

testing will be performed by Evergreen to monitor material placement and conformance with the 

criteria specified in the construction specifications.  In-place material testing will be performed 

by a qualified materials testing laboratory and will be observed by the owner’s representative.   

 

4.1.3  Liner QA/QC.  The quality assurance and quality control of the facility’s synthetic liner is 

described in the construction specifications contained in Attachment D of this report.   

 

4.2  Weekly Inspection Reports 

 

Weekly inspection reports will be prepared by the owner’s representative during the landfill 

construction period.  The report will include material test results, summary of contractor 

submittals, actions taken, summary of progress made to date, and anticipated work items.   

 

4.3  Photographic Documentation 

 

Photographic documentation of the landfill construction will be taken periodically.  Copies of the 

photographs will be provided in the construction certification report.   
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4.4  Record Drawings 

 

Upon completion of the landfill construction, record drawings will be prepared for the facility.  

The drawings will be sealed by a State of North Carolina Professional Engineer and will be 

submitted to the NCDENR.   

 

4.5  Final Construction Certification and Report 

 

A final construction report will be submitted by Evergreen to the NCDENR following the 

completion of construction at Area D North.  The report will include written certification signed 

and stamped by the engineer supervising the project inspections that the site has been 

constructed in accordance with the approved plans and specifications.   
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5.0     CONCLUSIONS 

 

The Landfill No. 6 Area D North proposed design is a state-of-the-art design which provides 

Evergreen with an optimal operational area which maximizes the waste volume for the project 

area.  Area D North is estimated to require approximately 9-12 months to complete construction.   

 

Based on the proposed landfill base grades and final grades, Area D North will have an 

approximate volume of one million cubic yards, and according to current waste disposal rates, a 

service life of approximately four to five years.   

 

Proposed specifications are attached to this report in Attachment D for use in procuring bids 

and detailing construction activities.   
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ENGINEERING DRAWINGS 



















































































































































 

ATTACHMENT C-2 
 

HEAD-ON LINER CALCULATION 



BLUE RIDGE PAPER PRODUCTS
CANTON, NORTH CAROLINA
LANDFILL No. 6
AREA 6D-NORTH

MAXIMUM HEAD ON LINER CALCULATION
REF. GIROUD, ET AL., 1993
DATE: 7/15/2013
FILE: LINEHEAD-MIN-SLOPE.MCD

DESIGN PARAMETERS

K 1
cm

sec
 Leachate Collection Stone Permeability

L 200 ft Length from Peak of "Saw-Tooth" to LC Header

t 15 in Leachate Collection Stone Thickness

e 0.10167
in

hr
 Impingement Rate, 25-yr/24-hr Storm (6.1 inches)

Assume 40 percent will infiltrate as leachate

 1.146 deg Base Slope of the Landfill (MIN. = 2.0 %)

T max L

4
e

K
 tan ( )

2
tan ( )

2 cos ( )


T max 0.621 ft Maximum Head on the Liner, recommended maximum
1 ft.
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EVERGREEN PACKAGING
CANTON, NORTH CAROLINA
LANDFILL No. 6 
AREA 6D-NORTH

Pipe Calculations                                       Pipe Location: 12" Leachate Transport Pipe
Pipe Strength in Deep Fill                          Pipe Size & Type: 12" dia. SDR 11 HDPE Perforated Pipe

DATE: 8/14/2013
FILE: 12LT-Perf_Deepfill.MCD

Project Parameters

Depth of Overburden H 104.33 ft

Depth of  Waste
Over Pipe D waste 101 ft

Pipe Parameters:
Depth of  Soil 
over Pipe

D soil 3.33 ft
Effective DR: DR 12.571

Depth of groundwater Hgw 0 ft Long term compressive
yield streght Sc 1600 psi

Outside Diameter OD 13.2 in
Unit weight of waste

Unit weight of soil

w 80
lbf

ft3


Short Term Modulus:

Long Term Modulus:

Poisson Ratio of Soil:

Temperature Design Factor:

Estm 100000 psi

s 125
lbf

ft3
 El 23000 psi

Hyperbolic Parameter:  .35

Modulus Number

Modulus Exponent

k 100 f 0.78

n 0.4 (for 100 deg. F)

(for 90% Compaction)
__________________________________________________________________________________

Overbuden weight

  Weighted soil/waste unit weight wt w
D waste

H
 s

D soil

H


wt 81.436
lbf

ft3


Pipe Dimensional Parameters

Pipe Wall Thickness t
OD

DR
t 1.05 in

Mean Radius r
OD t

2
r 6.075 in

Long Term Compressive Yeild Strength due to Temperture

Sct Sc f Sct 1.248 103 psi

Constrained Modulus

Ms k 14.7 psi wt
H

14.7 psi


n


Ms 2.563 103 psi

12LT-Perf_Deepfill.MCD  8/15/2013 1 Sevee & Maher Engineers Inc.



Hoop Thrust Stiffness

Sa
1.43

El t
Ms r Sa 0.922

Vertical Arching Factor, (Eq. 1 of "Guidelines for HDPE Pipes in Deep Fills")

VAF .88 .71
Sa 1

Sa 2.5


VAF 0.896

Radial Direct Earth Pressure, Eq. 3a for Deep Fills

Prd VAF wt H Prd 7.614 103 lbf

ft2


Ring Compressive Stress, Eq. 4 for Deep Fills

S
Prd DR

288 in( )2

ft2

S 332.362 psi N
Sct

S
N 3.755 Safety Factor

Watkins - Gaube Deflection

Secant Modulus, Eq. 6 Es
Ms 1 ( ) 1 2 ( )

1 
Es 1.597 103 psi

Rigity, Eq. 5 Rf
12 Es DR 1( )3

El
Rf 1.291 103

****Input Df factor from Figure 1 Guidlines for HDPE Pipe in Deep Fil ls****
                                                                            Plexco

Df 1.3

Soil Strain (Settlement of Fil l Layer at pipe), Eq. 7

s
wt H

144 in2

ft2
Es s 3.695 %

Pipe Deflection

DEFL Df s DEFL 4.803 % Not to exceed 7.5% for design.

12LT-Perf_Deepfill.MCD  8/15/2013 2 Sevee & Maher Engineers Inc.



Allowable Deflection, Eq. 9

e .05

fD 4.28 Deformaton factor for shape

Allowable Deflection=/Dm

Dallow
e

fD
DR 1( ) Dallow 13.518 %

Constrained Buckling (Use Prism Load with VAF=1),Eq. 11

Rh 1 Geometry Factor

Construction Factor

Calibration Factor

Pressure Critical - psi

Cf .8

 .55

Pcr

Pcr

Cf  Rh El

1

3 Es

1 

2

3


DR 1
Pcr 196.895 psi

SF
Pcr

wt H

144 in2

ft2

SF 3.337 Safety Factor against Buckling

Rule of Thumb for Design  2 SF 4

12LT-Perf_Deepfill.MCD  8/15/2013 3 Sevee & Maher Engineers Inc.



EVERGREEN PACKAGING
CANTON, NORTH CAROLINA
LANDFILL No. 6 
AREA 6D-NORTH

Pipe Calculations                                       Pipe Location: 6" Leachate Collection Pipe
Pipe Strength in Deep Fill                          Pipe Size & Type: 6" dia. SDR 11 HDPE Perforated Pipe

DATE: 8/14/2013
FILE: 6LC-Perf_Deepfill.MCD

Project Parameters

Depth of Overburden H 104.33 ft

Depth of  Waste
Over Pipe D waste 101 ft

Pipe Parameters:
Depth of  Soil 
over Pipe

D soil 3.33 ft
Effective DR: DR 12.571

Depth of groundwater Hgw 0 ft Long term compressive
yield streght Sc 1600 psi

Outside Diameter OD 6.9 in
Unit weight of waste

Unit weight of soil

w 80
lbf

ft3


Short Term Modulus:

Long Term Modulus:

Poisson Ratio of Soil:

Temperature Design Factor:

Estm 100000 psi

s 125
lbf

ft3
 El 23000 psi

Hyperbolic Parameter:  .35

Modulus Number

Modulus Exponent

k 100 f 0.78

n 0.4 (for 100 deg. F)

(for 90% Compaction)
__________________________________________________________________________________

Overbuden weight

  Weighted soil/waste unit weight wt w
D waste

H
 s

D soil

H


wt 81.436
lbf

ft3


Pipe Dimensional Parameters

Pipe Wall Thickness t
OD

DR
t 0.549 in

Mean Radius r
OD t

2
r 3.176 in

Long Term Compressive Yeild Strength due to Temperture

Sct Sc f Sct 1.248 103 psi

Constrained Modulus

Ms k 14.7 psi wt
H

14.7 psi


n


Ms 2.563 103 psi

6LC-Perf_Deepfill.MCD  8/15/2013 1 Sevee & Maher Engineers Inc.



Hoop Thrust Stiffness

Sa
1.43

El t
Ms r Sa 0.922

Vertical Arching Factor, (Eq. 1 of "Guidelines for HDPE Pipes in Deep Fills")

VAF .88 .71
Sa 1

Sa 2.5


VAF 0.896

Radial Direct Earth Pressure, Eq. 3a for Deep Fills

Prd VAF wt H Prd 7.614 103 lbf

ft2


Ring Compressive Stress, Eq. 4 for Deep Fills

S
Prd DR

288 in( )2

ft2

S 332.362 psi N
Sct

S
N 3.755 Safety Factor

Watkins - Gaube Deflection

Secant Modulus, Eq. 6 Es
Ms 1 ( ) 1 2 ( )

1 
Es 1.597 103 psi

Rigity, Eq. 5 Rf
12 Es DR 1( )3

El
Rf 1.291 103

****Input Df factor from Figure 1 Guidlines for HDPE Pipe in Deep Fil ls****
                                                                            Plexco

Df 1.3

Soil Strain (Settlement of Fil l Layer at pipe), Eq. 7

s
wt H

144 in2

ft2
Es s 3.695 %

Pipe Deflection

DEFL Df s DEFL 4.803 % Not to exceed 7.5% for design.

6LC-Perf_Deepfill.MCD  8/15/2013 2 Sevee & Maher Engineers Inc.



Allowable Deflection, Eq. 9

e .05

fD 4.28 Deformaton factor for shape

Allowable Deflection=/Dm

Dallow
e

fD
DR 1( ) Dallow 13.518 %

Constrained Buckling (Use Prism Load with VAF=1),Eq. 11

Rh 1 Geometry Factor

Construction Factor

Calibration Factor

Pressure Critical - psi

Cf .8

 .55

Pcr

Pcr

Cf  Rh El

1

3 Es

1 

2

3


DR 1
Pcr 196.895 psi

SF
Pcr

wt H

144 in2

ft2

SF 3.337 Safety Factor against Buckling

Rule of Thumb for Design  2 SF 4

6LC-Perf_Deepfill.MCD  8/15/2013 3 Sevee & Maher Engineers Inc.



EVERGREEN PACKAGING
CANTON, NORTH CAROLINA
LANDFILL No. 6 
AREA 6D-NORTH

Pipe Calculations                                       Pipe Location: Detention Basin 3 Outlet Pipe
Pipe Strength in Deep Fill                          Pipe Size & Type: 12" dia. SDR 11 HDPE Corr Solid Pipe

DATE: 8/14/2013
FILE: 12SD_Deepfill.MCD

Project Parameters

Depth of Overburden H 104.33 ft

Depth of  Waste
Over Pipe D waste 101 ft

Pipe Parameters:
Depth of  Soil 
over Pipe

D soil 3.33 ft
Effective DR: DR 11

Depth of groundwater Hgw 0 ft Long term compressive
yield streght Sc 1600 psi

Outside Diameter OD 13.2 in
Unit weight of waste

Unit weight of soil

w 80
lbf

ft3


Short Term Modulus:

Long Term Modulus:

Poisson Ratio of Soil:

Temperature Design Factor:

Estm 130000 psi

s 125
lbf

ft3
 El 22000 psi

Hyperbolic Parameter:  .35

Modulus Number

Modulus Exponent

k 100 f 0.78

n 0.4 (for 100 deg. F)

(for 90% Compaction)
__________________________________________________________________________________

Overburden weight

  Weighted soil/waste unit weight wt w
D waste

H
 s

D soil

H


wt 81.436
lbf

ft3


Pipe Dimensional Parameters

Pipe Wall Thickness t
OD

DR
t 1.2 in

Mean Radius r
OD t

2
r 6 in

Long Term Compressive Yeild Strength due to Temperture

Sct Sc f Sct 1.248 103 psi

Constrained Modulus

Ms k 14.7 psi wt
H

14.7 psi


n


Ms 2.563 103 psi

12SD_Deepfill.MCD  8/15/2013 1 Sevee & Maher Engineers Inc.



Hoop Thrust Stiffness

Sa
1.43

El t
Ms r Sa 0.833

Vertical Arching Factor, (Eq. 1 of "Guidelines for HDPE Pipes in Deep Fills")

VAF .88 .71
Sa 1

Sa 2.5


VAF 0.916

Radial Direct Earth Pressure, Eq. 3a for Deep Fills

Prd VAF wt H Prd 7.779 103 lbf

ft2


Ring Compressive Stress, Eq. 4 for Deep Fills

S
Prd DR

288 in( )2

ft2

S 297.116 psi N
Sct

S
N 4.2 Safety Factor

Watkins - Gaube Deflection

Secant Modulus, Eq. 6 Es
Ms 1 ( ) 1 2 ( )

1 
Es 1.597 103 psi

Rigity, Eq. 5 Rf
12 Es DR 1( )3

El
Rf 871.036

****Input Df factor from Figure 1 Guidlines for HDPE Pipe in Deep Fil ls****
                                                                            Plexco

Df 1.3

Soil Strain (Settlement of Fil l Layer at pipe), Eq. 7

s
wt H

144 in2

ft2
Es s 3.695 %

Pipe Deflection

DEFL Df s DEFL 4.803 % Not to exceed 7.5% for design.

12SD_Deepfill.MCD  8/15/2013 2 Sevee & Maher Engineers Inc.



Allowable Deflection, Eq. 9

e .05

fD 4.28 Deformaton factor for shape

Allowable Deflection=/Dm

Dallow
e

fD
DR 1( ) Dallow 11.682 %

Constrained Buckling (Use Prism Load with VAF=1),Eq. 11

Rh 1 Geometry Factor

Construction Factor

Calibration Factor

Pressure Critical - psi

Cf .8

 .55

Pcr

Pcr

Cf  Rh El

1

3 Es

1 

2

3


DR 1
Pcr 224.476 psi

SF
Pcr

wt H

144 in2

ft2

SF 3.805 Safety Factor against Buckling

Rule of Thumb for Design  2 SF 4

12SD_Deepfill.MCD  8/15/2013 3 Sevee & Maher Engineers Inc.



EVERGREEN PACKAGING
CANTON, NORTH CAROLINA
LANDFILL No. 6 
AREA 6D-NORTH

Pipe Calculations                                       Pipe Location: Detention Basin 4 Outlet Pipe
Pipe Strength in Deep Fill                          Pipe Size & Type: 12" dia. SDR 11 HDPE Corr Solid Pipe

DATE: 8/14/2013
FILE: Pond 4 Outlet_Deepfill.MCD

Project Parameters

Depth of Overburden H 65 ft

Depth of  Waste
Over Pipe D waste 0 ft

Pipe Parameters:
Depth of  Soil 
over Pipe

D soil 65 ft
Effective DR: DR 11

Depth of groundwater Hgw 0 ft Long term compressive
yield streght Sc 1600 psi

Outside Diameter OD 13.2 in
Unit weight of waste

Unit weight of soil

w 80
lbf

ft3


Short Term Modulus:

Long Term Modulus:

Poisson Ratio of Soil:

Temperature Design Factor:

Estm 130000 psi

s 125
lbf

ft3
 El 22000 psi

Hyperbolic Parameter:  .35

Modulus Number

Modulus Exponent

k 100 f 0.78

n 0.4 (for 100 deg. F)

(for 90% Compaction)
__________________________________________________________________________________

Overburden weight

  Weighted soil/waste unit weight wt w
D waste

H
 s

D soil

H


wt 125
lbf

ft3


Pipe Dimensional Parameters

Pipe Wall Thickness t
OD

DR
t 1.2 in

Mean Radius r
OD t

2
r 6 in

Long Term Compressive Yeild Strength due to Temperture

Sct Sc f Sct 1.248 103 psi

Constrained Modulus

Ms k 14.7 psi wt
H

14.7 psi


n


Ms 2.518 103 psi

Pond 4 Outlet_Deepfill.MCD  
8/15/2013

1 Sevee & Maher Engineers Inc.



Hoop Thrust Stiffness

Sa
1.43

El t
Ms r Sa 0.818

Vertical Arching Factor, (Eq. 1 of "Guidelines for HDPE Pipes in Deep Fills")

VAF .88 .71
Sa 1

Sa 2.5


VAF 0.919

Radial Direct Earth Pressure, Eq. 3a for Deep Fills

Prd VAF wt H Prd 7.466 103 lbf

ft2


Ring Compressive Stress, Eq. 4 for Deep Fills

S
Prd DR

288 in( )2

ft2

S 285.162 psi N
Sct

S
N 4.376 Safety Factor

Watkins - Gaube Deflection

Secant Modulus, Eq. 6 Es
Ms 1 ( ) 1 2 ( )

1 
Es 1.569 103 psi

Rigity, Eq. 5 Rf
12 Es DR 1( )3

El
Rf 855.608

****Input Df factor from Figure 1 Guidlines for HDPE Pipe in Deep Fil ls****
                                                                            Plexco

Df 1.3

Soil Strain (Settlement of Fil l Layer at pipe), Eq. 7

s
wt H

144 in2

ft2
Es s 3.597 %

Pipe Deflection

DEFL Df s DEFL 4.676 % Not to exceed 7.5% for design.

Pond 4 Outlet_Deepfill.MCD  
8/15/2013

2 Sevee & Maher Engineers Inc.



Allowable Deflection, Eq. 9

e .05

fD 4.28 Deformaton factor for shape

Allowable Deflection=/Dm

Dallow
e

fD
DR 1( ) Dallow 11.682 %

Constrained Buckling (Use Prism Load with VAF=1),Eq. 11

Rh 1 Geometry Factor

Construction Factor

Calibration Factor

Pressure Critical - psi

Cf .8

 .55

Pcr

Pcr

Cf  Rh El

1

3 Es

1 

2

3


DR 1
Pcr 221.817 psi

SF
Pcr

wt H

144 in2

ft2

SF 3.931 Safety Factor against Buckling

Rule of Thumb for Design  2 SF 4

Pond 4 Outlet_Deepfill.MCD  
8/15/2013

3 Sevee & Maher Engineers Inc.



EVERGREEN PACKAGING
CANTON, NORTH CAROLINA
LANDFILL No. 6 
AREA 6D-NORTH

Pipe Calculations                                       Pipe Location: Detention Basin 4 Outlet Pipe
Pipe Strength in Deep Fill                          Pipe Size & Type: 24" dia. SDR 11 HDPE Corr Solid Pipe

DATE: 8/14/2013
FILE: 24SD_Deepfill.MCD

Project Parameters

Depth of Overburden H 64 ft

Depth of  Waste
Over Pipe D waste 0 ft

Pipe Parameters:
Depth of  Soil 
over Pipe

D soil 64 ft
Effective DR: DR 11

Depth of groundwater Hgw 0 ft Long term compressive
yield streght Sc 1600 psi

Outside Diameter OD 25.8 in
Unit weight of waste

Unit weight of soil

w 80
lbf

ft3


Short Term Modulus:

Long Term Modulus:

Poisson Ratio of Soil:

Temperature Design Factor:

Estm 130000 psi

s 125
lbf

ft3
 El 22000 psi

Hyperbolic Parameter:  .35

Modulus Number

Modulus Exponent

k 100 f 0.78

n 0.4 (for 100 deg. F)

(for 90% Compaction)
__________________________________________________________________________________

Overburden weight

  Weighted soil/waste unit weight wt w
D waste

H
 s

D soil

H


wt 125
lbf

ft3


Pipe Dimensional Parameters

Pipe Wall Thickness t
OD

DR
t 2.345 in

Mean Radius r
OD t

2
r 11.727 in

Long Term Compressive Yeild Strength due to Temperture

Sct Sc f Sct 1.248 103 psi

Constrained Modulus

Ms k 14.7 psi wt
H

14.7 psi


n


Ms 2.502 103 psi

24SD_Deepfill.MCD  8/15/2013 1 Sevee & Maher Engineers Inc.



Hoop Thrust Stiffness

Sa
1.43

El t
Ms r Sa 0.813

Vertical Arching Factor, (Eq. 1 of "Guidelines for HDPE Pipes in Deep Fills")

VAF .88 .71
Sa 1

Sa 2.5


VAF 0.92

Radial Direct Earth Pressure, Eq. 3a for Deep Fills

Prd VAF wt H Prd 7.36 103 lbf

ft2


Ring Compressive Stress, Eq. 4 for Deep Fills

S
Prd DR

288 in( )2

ft2

S 281.124 psi N
Sct

S
N 4.439 Safety Factor

Watkins - Gaube Deflection

Secant Modulus, Eq. 6 Es
Ms 1 ( ) 1 2 ( )

1 
Es 1.559 103 psi

Rigity, Eq. 5 Rf
12 Es DR 1( )3

El
Rf 850.318

****Input Df factor from Figure 1 Guidlines for HDPE Pipe in Deep Fil ls****
                                                                            Plexco

Df 1.3

Soil Strain (Settlement of Fil l Layer at pipe), Eq. 7

s
wt H

144 in2

ft2
Es s 3.564 %

Pipe Deflection

DEFL Df s DEFL 4.633 % Not to exceed 7.5% for design.

24SD_Deepfill.MCD  8/15/2013 2 Sevee & Maher Engineers Inc.



Allowable Deflection, Eq. 9

e .05

fD 4.28 Deformaton factor for shape

Allowable Deflection=/Dm

Dallow
e

fD
DR 1( ) Dallow 11.682 %

Constrained Buckling (Use Prism Load with VAF=1),Eq. 11

Rh 1 Geometry Factor

Construction Factor

Calibration Factor

Pressure Critical - psi

Cf .8

 .55

Pcr

Pcr

Cf  Rh El

1

3 Es

1 

2

3


DR 1
Pcr 220.902 psi

SF
Pcr

wt H

144 in2

ft2

SF 3.976 Safety Factor against Buckling

Rule of Thumb for Design  2 SF 4

24SD_Deepfill.MCD  8/15/2013 3 Sevee & Maher Engineers Inc.
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1.0     SCOPE 

 

This Quality Assurance/Quality Control Plan (Plan) addresses construction quality assurance and 

quality control for the construction of Landfill No. 6 Amendment Area D – South of the 

Evergreen Packaging Canton Mill (Canton Mill).  The Landfill No. 6 Amendment 

Area 6D North construction encompasses approximately 17.4 acres, and will be constructed east 

of Areas C Upper and 6A West, with a 12-inch compacted soil liner, GCL, a 60-mil 

geomembrane, 16 oz. non-woven geotextile, and 15 inches of drainage stone.   

 

This plan addresses the manufacturing and installation quality assurance and quality control 

procedures associated with selecting and placing the HDPE geomembrane liner, non-woven 

geotextile, and GCL.  This plan also outlines the characterization of the borrow source soil's 

physical properties to determine its ability to achieve the project's performance criteria; defines 

procedures for soil placement; defines tests and frequency of testing to assure the construction 

meets or exceeds design criteria; and provides a method for documenting the soil placement.  

 

1.1  Parties 

 

The parties discussed in this section are associated with the ownership, design, installation, and 

quality assurance of the liner system.  The definitions, qualifications, and responsibilities of these 

parties are outlined in the following subsections.   

 

Project Manager.  The project manager is the official representative of the Canton Mill.  In this 

manual the term Project Manager shall apply equally to Construction Coordinator.  The Project 

Manager is responsible for coordinating construction and quality assurance activities for the 

project.  The Project Manager shall serve as communications coordinator for the project, and is 

responsible for initiating the pre-bid, pre-construction, and construction meetings.  As 

construction coordinator, the Project Manager shall serve as a liaison between all parties 

involved in the project to assure that communications are maintained.  The Project Manager shall 

also be responsible for proper resolution of all quality assurance issues that arise during 
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construction.  For the construction of Landfill No. 6 Amendment Area D – North of Landfill 

No. 6, the Project Manager is Guy Cote, P.E. of Sevee & Maher Engineers, Inc.   

 

Qualifications.  The selection of the Project Manager is the direct responsibility of the Canton 

Mill.  Qualifications for this position include familiarity with the following:   

 

1. Applicable QAMs.   

2. All applicable regulatory requirements.   

3. Policies and procedures for project management.   

4. Placement techniques of low hydraulic conductivity material.   

 

Designer (Engineer).  The designer (Engineer) is the individual and/or firm responsible for the 

preparation of the design including, project specific engineering drawings, technical 

specifications and the Quality Assurance Manual.  The Engineer is responsible for approving all 

design and specification changes, manufacturer’s material certifications and contractor 

submittals, and for making any design clarifications during the contract bidding process and 

construction of the liner system.  The Engineer may attend the pre-bid, pre-construction, and 

construction meetings upon the request of the Project Manager.  The Engineer may also act as 

the Owner’s Representative and Construction Quality Assurance Agent (CQA Agent) during 

construction of the project.  The Design Firm for the cell development of the Landfill is Sevee & 

Maher Engineers, Inc. (SME) of Cumberland, Maine.  The Project Engineer for the development 

is Guy Cote, P.E. of SME.   

 

Construction Quality Assurance Agent.  The CQA Agent is responsible for review of the borrow 

source and in-place material testing results and for the observation of the Contractor’s work to 

assure that the liner system meets the design specifications.  Qualifications for this position 

include familiarity with the following:   

 

1. Applicable QAMs.   

2. All applicable regulatory requirements.   

3. Placement techniques of low hydraulic conductivity material.   



____________________ 
\\Nserver\cfs\Brpp\NC\6d-n\Docs\S\6DNorth_QAQC.DOC 
Sevee & Maher Engineers, Inc. 
August 15, 2013 

1-3

 4. Experience with soil inspection of landfill projects.   

 

The CQA Agent is also responsible for the following:   

 

 Approval/disapproval of borrow source material test results for the liner;  

 

 The in-place testing and approval of the materials placed by the Contractor; and 

 

 Ensure that the placement techniques utilized conform to industry standard and 

this QAM, and as described in Technical Specification Section 02200 Part 3.2, 

including the following:   

 

- measuring barrier soil lift thickness;  

- monitoring and measuring as necessary the maximum clod size of the soil;  

- assuring the proper lift benching techniques are followed; and  

- assuring that proper lift bonding of the soil is achieved.   

 

The CQA Agent will provide continuous monitoring during placement of the soil.  It is 

anticipated that only one CQA Agent will be necessary during construction of the soil liner.  

However, should the Contractor begin placing the till over separate areas of the landfill 

simultaneously, additional CQA Agents will be added for oversight.  The CQA Agent will be 

under the direction of a State of North Carolina registered Professional Engineer.   

 

Geosynthetic Construction Quality Assurance Agent.  The Geosynthetic Construction Quality 

Assurance Agent (CQA) is a firm independent from the Manufacturer(s) and Installer that shall 

be responsible for observing and documenting activities related to the quality assurance of the 

production and installation of the geosynthetic system on behalf of the Canton Mill.   

 

In this QAM the term Geosynthetic Quality Assurance Engineer (QAE) shall be used to 

designate the engineer (working for the Geosynthetic CQA) in charge of the quality assurance 
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work.  In some cases the duties of the QAE described below may be shared by two individuals: a 

Geosynthetic Quality Assurance Managing Engineer located at the headquarters of the 

Geosynthetic CQA; and a Geosynthetic Quality Assurance Site Manager located at the site.  The 

personnel of the Geosynthetic CQA also include Geosynthetic Quality Assurance Monitors who 

are located at the site for construction observation and documentation.  The CQA agent will 

provide sufficient personnel on-site to enable complete (100%) observation of all deployment, 

seaming, and testing activities.  The required CQA staff level will be a function of the installer's 

schedule.   

 

The Geosynthetic CQA is responsible for observing and documenting activities related to the 

quality assurance of the production and installation of the geosynthetic system.  The 

Geosynthetic CQA is responsible for implementation of the project QAP prepared by the Project 

Manager and management of the Geosynthetic Quality Assurance Laboratory.  The Geosynthetic 

CQA is also responsible for issuing a final certification report, sealed by a registered professional 

engineer.   

 

The specific duties of the Geosynthetic CQA personnel are as follows:   

 

1. The Geosynthetic QAE:   

 

a. Reviews all design drawings and specifications.   

 

b. Reviews other site-specific documentation, including proposed layouts, 

and manufacturer's and installer's literature.   

 

c. Develops a site-specific addendum for quality assurance of  geosynthetics 

(if necessary) with the assistance of the Project Manager.   

 

d. Administers the geosynthetic portions of the QAP, e.g. assigns and 

manages all geosynthetic quality assurance personnel, reviews all field 
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reports, and provides engineering review of all quality assurance related 

issues.   

 

e. Reviews all changes to design drawings and specifications as issued by the 

Designer.   

 

f. Acts as the on-site (resident) representative of the Geosynthetic CQA.   

 

g. Familiarizes all Geosynthetic Quality Assurance Monitors with the site 

and the project QAP.   

 

h. Attends all quality assurance related meetings, e.g., resolution, pre-

construction, daily, weekly.   

 

i. Reviews all Manufacturer and Installer certifications and documentation 

and makes appropriate recommendations.   

 

j. Reviews the Installer's personnel qualifications for conformance with 

those qualifications pre-approved for work on site.   

 

k. Manages the preparation of the as-built drawing(s).   

 

l. Reviews the calibration certification of the on-site tensiometer, if 

applicable.   

 

m. Reviews all Geosynthetic Quality Assurance Monitor's daily reports, logs, 

and photographs.   

 

n. Notes any on-site activities that could result in damage to the 

geosynthetics.   
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o. Reports to the Project Manager, and logs in the daily report, any relevant 

observations reported by the Geosynthetic Quality Assurance Monitors.   

 

p. Prepares his own daily report.   

 

q. Prepares a daily summary of the quantities of geosynthetics installed that 

day.   

 

r. Prepares the weekly summary of geosynthetic quality assurance activities.   

 

s. Oversees the marking, packaging, and shipping of all laboratory test 

samples.   

 

t. Reviews the results of laboratory testing and makes  appropriate 

recommendations.   

 

u. Designates a Geosynthetic Quality Assurance 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. Prepares the final certification report.   

 

x. Monitors the subgrade condition and overburden soil placement. 

 

y. Perform the following responsibilities during the various weather 

conditions:   
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The Geosynthetic Quality Assurance Monitor:   

 

1. Monitors, logs, photographs and/or documents all geosynthetic installation 

operations.  Photographs shall be taken routinely and in critical areas of the 

installation sequence.  These duties shall be assigned by the Geosynthetic QAE.   

 

2. Monitors the following operations for all geosynthetics.   

 

a. Material delivery.   

b. Unloading and on-site transport and storage.   

c. Sampling for conformance testing.   

d. Deployment operations.   

e. Joining and/or seaming operations.   

f. Condition of panels as placed.   

g. Visual inspection by walkover.   

h. Repair operations.   

 

3. Monitors and documents the geomembrane seaming operations, including:   

 

a. Trial seams.   

b. Seam preparation.   

c. Seaming.   

d. Nondestructive seam testing.   

e. Sampling for destructive seam testing.   

f. Field tensiometer testing.   

g. Laboratory sample marking.   

h. Repair operations.   

 

4. 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.   
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The Geosynthetic CQA shall be pre-qualified by the Canton Mill.  The Geosynthetic CQA shall 

be experienced in quality assurance of geosynthetics with emphasis on polyethylene 

geomembranes.  The Geosynthetic CQA shall be experienced in the preparation of quality 

assurance documentation including:  quality assurance forms, reports, certifications, and 

manuals.   

 

The Geosynthetic Quality Assurance Managing Engineer shall hold a B.S., M.S., or Ph.D. 

engineering degree and be registered as a professional Engineer in the State of North Carolina.  

The Geosynthetic Quality Assurance Site Manager shall be specifically experienced in the 

installation of geosynthetics and shall be trained and certified by the Geosynthetic CQA in the 

duties of a Geosynthetic QAE.   

 

Geosynthetic Quality Assurance Monitors shall be quality assurance personnel who have been 

specifically trained in the quality assurance of geosynthetics.  The CQA site manager will have a 

minimum of 5,000,000 ft2 of field experience in polyethylene geomembrane quality assurance.  

Other site monitors will have between 500,000 and 1,000,000 ft2 of experience in polyethylene 

geomembrane quality assurance.   

 

To be considered for pre-qualification, the Geosynthetic CQA must provide the following 

information:   

 

1. Corporate background and information.   

 

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.   
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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.   

 

Prior to beginning work on a project, the Geosynthetic CQA 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 for the engineer to be designated as 

the Geosynthetic QAE.   

 

3. Proof of the required quality assurance experience of all of the quality assurance 

personnel with emphasis on polyethylene geomembranes.   

 

Geosynthetic Quality Assurance Laboratory.  The Geosynthetic Quality Assurance Laboratory 

(QAL) is a firm, independent from the Manufacturer(s) and Installer responsible for conducting 

tests on samples of geosynthetics taken from the site.   

 

The Geosynthetic QAL shall be 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 QAM and/or the project QAP. 

 

The Geosynthetic QAL shall have experience in testing geosynthetics and be familiar with 

American Society for Testing and Materials (ASTM), Federal Test Method Standard (FTMS), 

National Sanitation Foundation (NSF), and other applicable test standards.  The Geosynthetic 

QAL shall be capable of providing verbal results of destructive seam tests within 24 hours of 
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receipt of test samples and shall maintain that standard throughout the installation.  The 

Geosynthetic QAL shall be approved by the Canton Mill.   

 

On-site laboratory facilities may be used by the Geosynthetic QAL provided they are 

appropriately equipped and approved by the Geosynthetic CQA and the Project Manager.   

 

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 verbally 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.   

 

General Contractor.  The general contractor (Contractor) is responsible for construction of the 

liner system including supplying labor, material, equipment, and supervision for placement of 

the liner system.  The primary responsibility of the general contractor is to ensure the liner 

system is constructed in accordance with the design and specifications developed by the 

Engineer and approved by the permitting agency.  The Superintendent is the Contractor’s 

designee who is responsible for the Contractor’s field crew.  The Superintendent shall represent 

the Contractor at all site meetings and shall be responsible for acting as the Contractor’s 

spokesman for the project.  The Contractor shall be responsible for all aspects of liner placement, 

including but not limited to, placement of all erosion control measures, subgrade preparation, 

placement of granular drainage material, placement of low hydraulic conductivity soil, 

vegetative growth media, seeding, fertilizing, and mulching.  The Contractor is also responsible 

for informing the Owner, the Engineer, and the CQA Agent of the scheduling and occurrence of 

all construction activities and of any discrepancies, errors, or omissions in the Contract 

Documents.   

 

The Contractor shall be pre-qualified and approved by the Canton Mill.  The Superintendent 

must be qualified based on previously demonstrated construction experience and management 

ability.  Services of the Contractor will be procured through a competitive bid process.  Bid 
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packages for the solicitation of construction services will require the Contractor to identify and 

demonstrate familiarity and experience with the various aspects of landfill construction.   

 

Subcontractors.  Subcontractors are responsible for that portion of the work that they are 

designated to perform by the General Contractor.  Subcontractors’ work as agents of the General 

Contractor and as such the General Contractor is responsible for the work and actions of the 

Subcontractor.   

 

Materials Testing Lab.  The materials testing lab is a qualified geotechnical laboratory contracted 

by the General Contractor, Owner or Owner’s Representative to test the borrow source and in-

place cover system materials.  The material testing laboratory will determine the quality of the 

borrow source and in-place material in accordance with the ASTM test methods described in the 

project specifications.  The materials testing laboratory will be independent from the General 

Contractor and the Owner.   

 

Manufacturer.  The Manufacturer is the firm responsible for production of any of the various 

geosynthetic liner system components outlined in this QAM.  Each Manufacturer is responsible 

for the production of its geosynthetic product.  In addition, each Manufacturer is responsible for 

the condition of the geosynthetic until the material is accepted by the Project Manager upon 

delivery.  Each Manufacturer shall produce a consistent product meeting the project 

specifications.  Each Manufacturer shall provide quality control documentation for its product as 

specified in this QAM.   

 

Each Manufacturer shall be pre-qualified by the Canton Mill.  Each Manufacturer shall provide 

sufficient production capacity and qualified personnel to meet the demands of the project.  Each 

Manufacturer shall have an internal quality control program for its product that meets the 

requirements presented in this QAM.   

 

A Manufacturer shall meet the following requirements and submit the following information to 

be considered for pre-qualification:   
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1. Corporate background and information.   

 

2. Manufacturing capabilities:   

 

a. Information on plant size, equipment, personnel, number of shifts per day, 

and capacity per shift.   

 

b. Daily production quantity available for the Canton Mill’s facilities.   

 

c. A list of material properties including certified test results, to which are 

attached geosynthetic samples.   

 

d. A list of at least 15 completed landfill or surface impoundment facilities 

totaling a minimum of 15,000,000 ft2 (1,500,000 m2), for which the 

Manufacturer has manufactured a 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, fabricator (if any) and 

installer.   

(3) Type of geosynthetic, surface area of geosynthetic manufactured.  

(4) Available information on the performance of the lining system and 

the facility.   

 

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.   
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5. A fingerprint of the Manufacturer's geosynthetic product (for polyethylene-based 

geosynthetics) in accordance with fingerprinting protocol listed in the project 

specifications.   

 

Prior to the installation of any geosynthetic material, a Manufacturer must submit to the Project 

Manager all quality control documentation required by the appropriate section of this QAM.  

This documentation shall be reviewed by the Geosynthetic Construction Quality Assurance 

Agent before installation can begin.   

 

Installer.  The Installer is the firm responsible for installation of the geosynthetics.  The Installer 

may be affiliated with the Manufacturer.   

 

The Superintendent is responsible for the Installer's field crew.  The Superintendent shall 

represent the Installer at all site meetings and shall be responsible for acting as the Installer's 

spokesman on the project.   

 

The Master Seamer shall be the most experienced seamer of the Installer's field crew.  The 

Master Seamer shall provide direct supervision over less experienced seamers.   

 

The Installer shall be responsible for field handling, storing, deploying, seaming, temporary 

restraining 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.  The Installer shall be responsible for submittal of the documentation 

from the manufacturer.   

 

The Installer shall be pre-qualified and approved by the Canton Mill.  The Installer shall be able 

to provide qualified personnel to meet the demands of the project.  At a minimum, the Installer 

shall provide a Superintendent and a Master Seamer as described below.   

 

The Superintendent must be qualified based on previously demonstrated experience, 

management ability, and authority.  The Superintendent, unless otherwise approved by the 
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Project Manager, shall have previously managed, at a minimum, two installation projects which 

entailed the installation of at least a total of 2,000,000 ft2 (200,000 m2) of polyethylene 

geomembrane.   

 

For geomembrane installation all personnel performing seaming operations shall be qualified by 

experience or by successfully passing seaming tests.  The Master Seamer shall have experience 

seaming a minimum of 1,000,000 ft2 (100,000 m2) of polyethylene geomembrane using the same 

type of seaming apparatus to be used at the site.   

 

To be considered for pre-qualification, the Installer shall submit the following information:   

 

1. Corporate background and information.   

 

2. Description of installation capabilities:   

 

a. Information on equipment (numbers and types), and personnel (number of 

superintendents, number of crews).   

 

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 

(500,000 m2) for which the Installer has installed geosynthetics.  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.   
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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 and the 

facility.   

 

4. The Installer's quality control manual.   

 

5. A copy of a letter of recommendation supplied by the geomembrane 

manufacturer.   

 

Prior to commencement of the installation, the Installer must submit to the Project Manager:   

 

1. Resume of the Superintendent to be assigned to this project, including dates and 

duration of employment.   

 

2. Resume of the Master Seamer to be assigned to this project, including dates and 

duration of employment.   

  

3. A panel layout drawing showing the installation layout identifying field seams as 

well as any variance or additional details which deviate from the engineering 

drawings.  The layout shall be adequate for use as a construction plan and shall 

include dimensions, details, etc.   

 



____________________ 
\\Nserver\cfs\Brpp\NC\6d-n\Docs\S\6DNorth_QAQC.DOC 
Sevee & Maher Engineers, Inc. 
August 15, 2013 

1-16

4. Installation schedule.   

 

5. A list of personnel performing field seaming operations along with  pertinent 

experience information.   

 

6. All geosynthetic quality control certificates as required by this QAM (unless 

submitted directly to the Project Manager by the Manufacturer).   

 

7. 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 Construction Quality Assurance 

Agent before installation of the geosynthetic can begin.   

 

During the installation, the Installer shall be responsible for the submission of:   

 

1. Quality control documentation recorded during installation.   

 

2. Subgrade surface acceptance certificates for each area to be covered by the lining 

system, signed by the Installer.   

 

Upon completion of the installation, the Installer shall submit:   

 

1. The warranty obtained from the Manufacturer.   

 

2. The installation warranty.   
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1.2  Communication 

 

To guarantee a high degree of quality during installation and assure a final product that meets all 

project specifications, clear, open channels of communication are essential.  This section 

discusses appropriate lines of communication and describes all necessary meetings.   

 

Lines of Communication.  The CQAs shall be capable of direct communication with the Project 

Manager at all times.  Access to the Canton Mill’s personnel is also available for issue resolution 

if necessary.   

 

Pre-Construction Meeting.  A pre-construction meeting shall be held at the site prior to 

beginning geosynthetic deployment.  Typically, the meeting shall be attended by the Project 

Manager, Designer, CQA Agent, Contractor, Supervisor, Installer, Geosynthetic QAE, and a 

Canton Mill representative.   

 

Specific topics considered for this meeting include review of the project QAP for any problems 

or additions.  In addition, the responsibilities of each party should be reviewed and understood 

clearly.  The meeting shall be documented by a person designated at the beginning of the 

meeting, and minutes shall be transmitted to all parties.   

 

Progress Meetings.  A weekly progress meeting shall be held between the Canton Mill 

representative, Superintendent, CQA Agent, Geosynthetic QAE, Installer's Superintendent, 

Project Manager, and any other concerned parties.  This meeting shall discuss current progress, 

planned activities for the next week, issues requiring resolution, and any new business or 

revisions to the work.  The CQAs shall log any problems, decisions, or questions arising at this 

meeting in his weekly report.  If any matter remains unresolved at the end of this meeting, the 

Project Manager shall be responsible for the resolution of the matter and the communication of 

the decision to the appropriate parties.   
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2.0     GEOMEMBRANES 

 

2.1  Quality Control Documentation 

 

Prior to the installation of any geomembrane material, the Manufacturer or Installer shall provide 

the Project Manager with the following information:   

 

1. The origin (resin supplier's name and resin production plant), identification (brand 

name and number), and production date of the resin.   

 

2. Copies of the quality control certificates issued by the resin supplier.   

 

3. Reports on tests conducted by the Manufacturer to verify that the quality of the 

resin used to manufacture the geomembrane meets the specifications.   

 

4. Reports on quality control tests conducted by the Manufacturer to verify that the 

geomembrane manufactured for the project meets the project specifications.   

 

5. A statement indicating that the amount of reclaimed polymer added to the resin 

during manufacturing was done with appropriate cleanliness and does not exceed 

2 percent by weight.   

 

6. A list of the materials which comprise the geomembrane, expressed in the 

following categories as percent by weight:  polyethylene, carbon black, other 

additives.   

 

7. A specification for the geomembrane which includes all properties  contained in 

the specifications measured using the appropriate test methods.   

 

8. Written certification that minimum values given in the specification are 

guaranteed by the Manufacturer.   
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9. A characterization of the geomembrane based on the results of fingerprinting 

tests.   

 

10. Quality control certificates, signed by a responsible party employed by the 

Manufacturer.  Each quality control certificate shall include roll identification 

numbers, sampling procedures, and results of quality control tests.  At a 

minimum, results shall be given for:   

 

a. Density 

b. Carbon black content 

c. Carbon black dispersion 

d. Thickness 

e. Tensile properties 

f. Tear resistance 

 

These quality control tests shall be performed in accordance with the test methods specified in 

the specifications, for every 40,000 ft2 (4,000 m2) of geomembrane produced.   

 

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 

 

2.1.1  Product Review:  The Project Manager shall verify that:   

 

1. Property values certified by the Manufacturer meet all of its guaranteed 

specifications.   
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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 properties meet the specifications.   

 

2.2  Conformance Testing 

 

Upon delivery of the rolls of geomembrane, the Geosynthetic CQA shall assure that 

conformance test samples are obtained for the geomembrane.  These samples shall then be 

forwarded to the Geosynthetic QAL for testing to assure conformance to the specifications.   

 

If the Project Manager desires, the Geosynthetic CQA can perform the conformance test 

sampling at the manufacturing plant.  This may be advantageous in expediting the installation 

process for very large projects.   

 

The following conformance tests shall be conducted:   

 

 1. Density 

 2. Carbon black content 

 3. Carbon black dispersion 

 4. Thickness 

 5. Tensile properties 

 

These conformance tests shall be performance in accordance with the test methods specified in 

the specifications.   
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2.2.1  Sampling Procedures:  The rolls to be sampled shall be selected by the Geosynthetic CQA.  

Samples shall be taken across the entire width of the roll and shall not include the first 3 feet 

(1 m).  Unless otherwise specified, samples shall be 3 feet (1 m) long by the roll width.  The 

Geosynthetic CQA shall mark the machine direction on the samples with an arrow.   

 

A lot shall be defined as a group of consecutively numbered rolls from the same manufacturing 

line.  Alternatively, a lot may be designated by the Geosynthetic CQA based on a review of all 

roll information including quality control documentation and manufacturing records.   

 

Unless otherwise specified, samples shall be taken at a rate of one per lot, not to exceed one 

conformance test per 100,000 ft2 (10,000 m2) of geomembrane.   

 

2.2.2  Test Results.  All conformance test results shall be reviewed and accepted or rejected by 

the Geosynthetic CQA prior to the deployment of the geomembrane.   

 

The Geosynthetic CQA shall examine all results from laboratory conformance testing and shall 

report any nonconformance to the Project Manager.  The Geosynthetic CQA shall be responsible 

for checking that all test results meet or exceed the property values listed in the project 

specifications.   

 

If the Manufacturer has reason to believe that failing tests may be the result of the Geosynthetic 

QAL incorrectly conducting the tests, the Manufacturer may request that the sample in question 

be retested by the Geosynthetic QAL with a technical representative of the Manufacturer present 

during the testing.  This retesting shall be done at the expense of the Manufacturer.  

Alternatively, the Manufacturer may have the sample retested at two different approved 

independent laboratories at the expense of the Manufacturer.  If both laboratories produce 

passing results, the material shall be accepted.  If both laboratories do not produce passing 

results, then the original Geosynthetic QAL test results shall be accepted.  The use of these 

procedures for dealing with failed test results is subject to the approval of the Project Manager.   
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If a test result is in 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 roll that was sampled and 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.   

 

2.3  Subgrade Preparation 

 

2.3.1  Surface Preparation:  The earthwork contractor shall be responsible for preparing the 

supporting soil for geomembrane placement.  The Project Manager shall coordinate the work of 

the earthwork contractor and the Installer so that the requirements of the specification are met.   

 

Before the geomembrane installation begins, the Geosynthetic CQA shall verify that:   

 

1. A qualified land surveyor has verified all lines and grades.   

 

2. A qualified geotechnical engineer has verified that the supporting soil meets the 

density specified in the project specifications.   

 

3. The surface to be lined has been rolled, compacted, or handworked so as to be 

free of irregularities, protrusions, loose soil, and abrupt changes in grade.   

 

4. The surface of the supporting soil does not contain stones which may be 

damaging to the geomembrane.   
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5. There is no area excessively softened by high water content.   

 

6. There is no area where the surface of the soil contains desiccation cracks with 

dimensions exceeding those allowed by the project specifications.   

 

The Installer shall certify in writing that the surface on which the geomembrane will be installed 

is acceptable.  A certificate of acceptance shall be given by the Installer to the Geosynthetic 

CQA prior to commencement of geomembrane deployment in the area under consideration.  The 

Project Manager shall be given a copy of this certificate by the Geosynthetic CQA.   

 

After the supporting soil has been accepted by the Installer, it is the Installer's responsibility to 

indicate to the Project Manager any change in the supporting soil condition that may require 

repair work.  The Project Manager may consult with the Geosynthetic CQA regarding the need 

for repairs.  If the Geosynthetic CQA concurs with Installer, the Project Manager shall assure 

that the supporting soil is repaired.   

 

At any time before or during the geomembrane installation, the Geosynthetic CQA shall indicate 

to the Project Manager any locations which may not be adequately prepared for the 

geomembrane.   

 

2.3.2  Anchor Trench:  The Geosynthetic CQA shall verify that the anchor trench has been 

constructed according to the design drawings and specifications.   

 

If the anchor trench is excavated in a clay material susceptible to desiccation, the amount of 

trench open at any time should be minimized.  The Geosynthetic CQA shall inform the Project 

Manager of any signs of significant desiccation associated with the anchor trench construction.   

 

Slightly rounded corners shall be provided in the trench so as to avoid sharp bends in the 

geomembrane.  Excessive amounts of loose soil shall not be allowed to underlie the 

geomembrane in the anchor trench.   
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The anchor trench shall be adequately drained to prevent ponding or softening of the adjacent 

soils while the trench is open.  The anchor trench shall be backfilled and compacted as outlined 

in the project specifications.   

 

Care shall be taken when backfilling the trenches to prevent any damage to the geosynthetics.  

The Geosynthetic CQA shall observe the backfilling operation and advise the Project Manager of 

any problems.  Any problems shall be documented by the Geosynthetic CQA in his daily report.   

 

2.4  Geomembrane Deployment 

 

2.4.1  Panel Nomenclature:  A field panel is defined as a unit of geomembrane which is to be 

seamed in the field, i.e., a field panel is a roll or a portion of roll cut in the field.   

 

It shall be the responsibility of the Geosynthetic CQA to assure that each field panel is given an 

identification code (number or letter-number) consistent with the layout plan.  This identification 

code shall be agreed upon by the Project Manager, Installer, and Geosynthetic CQA.  This field 

panel identification code shall be as simple and logical as possible.  In general, it is not 

appropriate to identify panels using roll numbers since roll numbers established in the 

manufacturing plant are usually cumbersome and are not related to location in the field.  The 

Geosynthetic CQA 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 Geosynthetic CQA shall verify that field panels are installed at the locations indicated on the 

Installer's layout plan, as approved by the Project Manager.   

 

2.4.2  Panel Deployment Procedure:  The Geosynthetic CQA shall review the panel deployment 

progress of the Installer (keeping in mind issues relating to wind, rain, clay liner desiccation, and 

other site-specific conditions) and advise the Project Manager on its compliance with the 

approved panel layout drawing and its suitability to the actual field conditions.  Once approved, 

only the Project Manager can authorize changes to the panel deployment procedure.  The 
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Geosynthetic CQA shall verify that the condition of the supporting soil does not change 

detrimentally during installation.   

 

The Geosynthetic CQA shall record the identification code, location, and date of installation of 

each field panel.   

 

2.4.3  Deployment Weather Conditions:  Geomembrane deployment shall not proceed at an 

ambient temperature below 32oF (0oC) or above 104oF (40oC) unless otherwise authorized, in 

writing, by the Project Manager.  Geomembrane placement shall not be performed during any 

precipitation, in the presence of excessive moisture (e.g. fog, dew), in an area of ponded water, 

or in the presence of excessive winds.  Geomembrane deployment shall not be undertaken if 

weather conditions will preclude material seaming following deployment.   

 

The Geosynthetic CQA shall verify that the above conditions are fulfilled.  Ambient temperature 

shall be measured by the Geosynthetic CQA in the area in which the panels are to be deployed.  

The Geosynthetic CQA shall inform the Project Manager of any weather related problems which 

may not allow geomembrane placement to proceed.   

 

2.4.4  Method of Deployment:  Before the geomembrane is handled on site, the Geosynthetic 

CQA shall verify that handling equipment to be used on the site is adequate and does not pose 

risk of damage to the geomembrane.  During handling, the Geosynthetic CQA shall observe and 

verify that the Installer's personnel handle the geomembrane with care.   

 

The Geosynthetic CQA shall verify the following:   

 

1. Any equipment used does not damage the geomembrane by handling, trafficking, 

excessive heat, leakage of hydrocarbons, or other means.   

 

2. The prepared surface underlying the geomembrane has not deteriorated since 

previous acceptance, and is still acceptable immediately prior to geomembrane 

placement.   
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3. Any geosynthetic elements immediately underlying the geomembrane are clean 

and free of debris.   

 

4. All 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 minimized wrinkles (especially differential 

wrinkles between adjacent panels).   

 

7. The method used to place the panels prevents bridging of the geomembrane.   

 

8. Adequate temporary loading and/or anchoring (e.g. sand bags, tires), not likely to 

damage the geomembrane, has been placed to prevent uplift by wind.  In case of 

high winds, continuous loading, e.g. by sand bags, is recommended along edges 

of panels to minimize risk of wind flow under the panels.   

 

9. Direct contact with the geomembrane is minimized, and the geomembrane is 

protected by geotextiles, extra geomembrane, or other  suitable materials, in areas 

where excessive traffic may be expected.   

 

The Geosynthetic CQA shall inform the Project Manager if the above conditions are not 

fulfilled.   

 

2.4.5  Damage and Defects:  Upon delivery to the site, the Geosynthetic CQA shall conduct a 

surface observation of all rolls for defects and for damage.  This inspection shall be conducted 

without unrolling rolls unless defects or damages are found or suspected.  The Geosynthetic 
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CQA 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 CQA shall inspect each panel, after placement and prior to seaming, for 

damage and/or defects.  The Geosynthetic CQA 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 CQA.  Repairs shall be made using procedures described in 

Section 2.8.   

 

2.4.6  Writing on the Liner:  To avoid confusion, the Installer and the Geosynthetic CQA shall 

each use different colored markers that are readily visible for writing on the geomembrane.  The 

markers used must be semi-permanent and compatible with the geomembrane.   

 

2.5  Field Seaming 

 

2.5.1  Seam Layout:  Before installation begins, the Installer must provide the Project Manager 

and the Geosynthetic CQA with a panel layout drawing, i.e. a drawing of the facility to be lined 

showing all expected seams.  The Geosynthetic CQA shall review the panel layout drawing and 

verify that it is consistent with accepted state-of-practice.  No panels may be seamed without the 

written approval of the panel layout drawing by the Project Manager.  In addition, panels not 

specifically shown on the panel layout drawing may not be used without the Project Manager's 

prior approval.   

 

In general, seams should be oriented parallel to the line of maximum slope, i.e. oriented along, 

not across, the slope.  In corners and odd-shaped geometric locations, the number of seams 

should be minimized.  No horizontal seam should be less than 5 feet (1.5 m) from the toe of the 

slope, or areas of potential stress concentrations, unless otherwise authorized by the Project 

Manager.   
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A seam numbering system compatible with the panel numbering system shall be used by the 

Geosynthetic CQA.   

 

2.5.2  Accepted Seaming Methods:  Approved processes for field seaming are extrusion welding 

and fusion welding.  Proposed alternate processes shall be documented and submitted by the 

Installer to the Project Manager for approval.  Only apparatus which have been specifically 

approved by make and model shall be used.  The Project Manager shall submit all documentation 

regarding seaming methods to be used to the Geosynthetic CQA for review.   

 

 2.5.2.1  Extrusion Process 

 

 The Geosynthetic CQA shall log ambient, seaming apparatus, and geomembrane surface 

temperatures at appropriate intervals and report any noncompliances to the Project 

Manager.   

 

 The Geosynthetic CQA shall verify that:   

 

1. The Installer maintains on-site the number of spare operable seaming 

apparatus decided upon at the pre-construction meeting.   

 

2. Equipment used for seaming is not likely to 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 shall be completed no more than 1 hour prior to seaming.   
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7. A smooth insulating plate or fabric is placed beneath the hot welding 

apparatus after usage.   

 

8. The geomembrane is protected from damage in heavily trafficked areas.   

 

9. Exposed grinding marks adjacent to an extrusion weld shall be minimized.  

In no instance shall exposed grinding marks extend more than 1/4 inch 

from the seamed area.   

 

10. In general, the geomembrane panels are aligned to have a nominal overlap 

of 3 inch (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 unless the product is approved in writing 

by the Project Manager prior to use (samples shall be submitted to the 

Project Manager for testing and evaluation).   

 

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 or degraded.   

 

 2.5.2.2  Fusion Process 

 

 The Geosynthetic CQA shall log ambient, seaming apparatus, and geomembrane surface 

temperatures at appropriate intervals and report any noncompliances to the Project 

Manager.   
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 The Geosynthetic CQA shall also verify that:   

 

1. The Installer maintains on-site the number of spare operable seaming 

apparatus decided upon at the pre-construction meeting.   

 

2. Equipment used for seaming is not likely to damage the geomembrane.   

 

3. For cross seams, the edge of the cross seam is ground to an incline prior to 

welding.   

 

4. The electric generator is placed on a smooth base such that no damage 

occurs to the geomembrane.   

 

5. A smooth insulating plate or fabric is placed beneath the hot welding 

apparatus after usage.   

 

6. The geomembrane is protected from damage in heavily trafficked areas.   

 

7. 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 prevent debris from collecting 

around the pressure rollers.   

 

8. In general, the geomembrane panels are aligned to have a nominal overlap 

of 5 inches (125 mm) for fusion welding.  In any event, the final overlap 

shall be sufficient to allow peel tests to be performed on the seam.   

 

9. No solvent or adhesive is used unless the product is approved in writing 

by the Project Manager prior to use (samples shall be submitted to the 

Project Manager for testing and evaluation).   
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2.5.3  Seam Preparation:  The Geosynthetic CQA shall verify that prior to seaming, the seam 

area is clean and free of moisture, dust, dirt, debris or foreign material of any kind.  If seam 

overlap grinding is required, the Geosynthetic CQA must assure that the process is completed 

according to the Manufacturer's instructions within one hour of the seaming operation, and in a 

way that does not damage the geomembrane.  The Geosynthetic CQA shall also verify that 

seams are aligned with the fewest possible number of wrinkles and "fishmouths.”   

 

2.5.4  Trial Seams:  Trial seams shall be made on fragment pieces of geomembrane liner to 

verify that conditions are adequate for production seaming.  Such trial seams shall be made at the 

beginning of each seaming period, and at least once each five hours, for each production seaming 

apparatus used that day.  Each seamer shall make at least one trial seam each day.  Trial seams 

shall be made under the same conditions as actual seams.  Additional trial seams will be required 

after any change of operator, equipment shutdown, significant idle time, or significant weather 

change.  Additional trial seams due to idle time or weather will be at the discretion of the 

Geosynthetic CQA.   

 

The trial seam sample shall be at least 5 feet (1.0 m) long by 1 foot (0.3 m) wide (after seaming) 

with the seam centered lengthwise.  Seam overlap shall be as indicated in Section 2.5.2.   

 

Five specimens shall be cut from the sample with a 1 inch (25 mm) wide die.  The specimens 

shall be cut by the Installer at locations selected randomly along the trial seam sample by the 

Geosynthetic CQA.  Four specimens shall be tested in peel and one tested in shear using a field 

tensiometer.  The tensiometer shall be capable of maintaining a constant jaw separation rate of 

20 inches per minute.  If a specimen fails, the entire 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 welds are 

achieved.  The Geosynthetic CQA shall observe all trial seam procedures.   

 

2.5.5  General Seaming Procedures:  During general seaming, the Geosynthetic CQA shall be 

cognizant of the following:   
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1. For fusion welding, it may be necessary to place a movable protective layer of 

plastic directly below each overlap of geomembrane that is to be seamed.  This is 

to prevent any moisture buildup between the sheets to be welded and prevent  

debris from collecting around the pressure rollers.   

 

2. If required, a firm substrate shall be provided by using a flat board, a conveyor 

belt, or similar hard surface directly under the seam  overlap to achieve proper 

support.   

 

3. 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 

inches (150 mm) beyond the cut in all directions.   

 

4. If seaming operations are carried out at night, adequate illumination shall be 

provided.   

 

5. Seaming shall extend to the outside edge of panels placed in the anchor trench.   

 

6. All cross seam tees should be extrusion welded to a minimum distance of 4 inches 

on each side of the tee.   

 

7. No field seaming shall take place without the Master Seamer being present.   

 

The Geosynthetic CQA shall verify that the above seaming procedures (or any other procedures 

agreed upon and indicated in the project manual) are followed, and shall inform the Project 

Manager of any nonconformance.   
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2.5.6  Seaming Weather Conditions:   

 

 2.5.6.1  Normal Weather Conditions 

 

 The normal required weather conditions for seaming are as follows:   

 

1. Ambient temperature between 32oF (0oC) and 104oF (40oC).   

 

2. Dry conditions, i.e. no precipitation or other excessive moisture, such as 

fog or dew.   

 

3. No excessive winds.   

 

 The Geosynthetic CQA shall verify that these weather conditions are fulfilled and  notify 

the Project Manager in writing if they are not.  Ambient temperature shall be measured 

by the Geosynthetic CQA in the area in which the panels are to be placed.  The Project 

Manager will then decide if the installation is to be stopped or special procedures used.   

 

 2.5.6.2  Cold Weather Conditions 

 

 To assure a quality installation, if seaming is conducted when the ambient temperature is 

below 32oF (0oC), the following conditions must be met:   

 

1. Geomembrane surface temperatures shall be determined by the 

Geosynthetic CQA at intervals of at least once per 100 foot of seam length 

to determine if preheating is required.  For extrusion welding, preheating 

is required if the surface temperature of the geomembrane is below 32oF 

(0oC).   
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2. Preheating may be waived by the Project Manager based on a 

recommendation from the Geosynthetic CQA, if the Installer demonstrates 

to the Geosynthetic CQA'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 CQA shall inspect all areas of 

geomembrane that have been preheated by a hot air device prior to 

seaming, to assure that they have not been overheated.   

 

4. Care shall be taken to confirm that the surface temperatures are not 

lowered below the minimum surface temperatures specified for welding 

due to winds or other adverse conditions.  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. Additional destructive tests (as described in Section 2.4) shall be taken at 

an interval between 500 feet and 250 feet of seam length, at the discretion 

of the Geosynthetic CQA.   

 

7. Sheet grinding may be performed before preheating, if applicable.   

 

8. Trial seaming shall be conducted under the same ambient temperature and 

preheating conditions as the actual seams.  Under cold weather conditions, 

new trial seams shall be conducted if the ambient temperature drops by 

more than 5oF from the initial trial seam test conditions.   
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 2.5.6.3  Warm Weather Conditions 

 

 At ambient temperatures 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 shall be conducted under the same ambient temperature 

conditions as the actual seams.   

 

 At the option of the Geosynthetic CQA, additional destructive tests (as described in 

Section 2.4) may be required for any suspect areas.   

 

2.6  Nondestructive Seam Testing 

 

The Installer shall nondestructively test all field seams over their full length using a vacuum test 

unit, air pressure test (for double fusion seams only), or other approved method.  Vacuum testing 

and air pressure testing are described in Sections 2.6.1 and 2.6.2, respectively.  The purpose of 

nondestructive tests is to check the continuity of seams.  It does not provide quantitative 

information on seam strength.  Nondestructive testing shall be carried out as the seaming work 

progresses, not at the completion of all field seaming.  At a minimum of once every 4 hours of 

seaming and when operation has been suspended for greater than one hour or if breakdown of 

seaming equipment occurs, weld samples will be tested in peel and shear in accordance with the 

destructive test requirements of the contract documents.   

 

For all seams, the Geosynthetic CQA shall:   

 

1. Observe nondestructive testing procedures.   

 

2. Record location, data, test unit number, name of tester, and  outcome of all testing.   

 

3. Inform the Installer and Project Manager of any required repairs.   
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2.6.1  Vacuum Testing.  The following procedures are applicable to vacuum testing.   

 

 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 of distilled water.   

 

e. A bucket and wide paint brush, or other means of applying the soapy 

solution.   

 

2. The following procedures shall be followed:   

 

a. Energize the vacuum pump and reduce the tank pressure to approximately 

2.5 to 3.0 psi gauge.   

 

b. Wet a strip of geomembrane approximately 12 inches by 48 inches 

(0.3 m x 1.2 m) with the soapy distilled water solution.   

 

c. Place the box over the wetted area.   

 

d. Close the bleed valve and open the vacuum valve.   

 



____________________ 
\\Nserver\cfs\Brpp\NC\6d-n\Docs\S\6DNorth_QAQC.DOC 
Sevee & Maher Engineers, Inc. 
August 15, 2013 

2-20

e. Assure that a leak-tight seal is created.   

 

f. For a period of not less than 15 seconds, apply vacuum and examine the 

geomembrane through the viewing window for the presence of soap 

bubbles.   

 

g. If no bubble appears after 15 seconds, close the vacuum valve and open 

the bleed valve, move the box over the next adjoining area with a 

minimum 3 inches (75 mm) overlap, and repeat the process.   

 

h. All areas where soap bubbles appear shall be marked and repaired in 

accordance with Section 2.8.   

 

2.6.2  Air Pressure Testing.  The following procedures are applicable to double fusion welding 

which produces a double seam with an enclosed space.   

 

 1. The equipment shall consist of the following:   

 

a. An air pump (manual or motor driven), equipped with pressure gauge 

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 approved pressure feed device.   

 

2. The following procedures shall be followed:   

 

a. Seal both ends of the seam to be tested.   
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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. Energize the air pump to a pressure between 25 and  30 psi (160 and 

200 kPa), close valve, allow 2 minutes for pressure to stabilize, and 

sustain pressure for at least 5 minutes.   

 

e. If loss of pressure exceeds 4 psi (30 kPa) or does not stabilize, locate 

faulty area and repair in accordance with Section 2.8.   

 

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.  Seal the cut end of the air channel.   

 

g. Remove needle or other approved pressure feed device and seal.   

 

2.6.3  Test Failure Procedures.  The Installer shall complete any required repairs in accordance 

with Section 2.8.  For repairs, the Geosynthetic CQA shall:   

 

1. Observe the repair and testing of the repair.   

 

2. Mark on the geomembrane that the repair has been made.   

 

3. Document the repair procedures and test results.   

 

2.7  Destructive Seam Testing.  Destructive seam tests shall be performed at selected locations.  

The purpose of these tests is to evaluate seam strength.  Seam strength testing shall be done as 

the seaming work progresses, not at the completion of all field seaming.   
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2.7.1  Location and Frequency.  The Geosynthetic CQA shall select locations where seam 

samples will be cut out for laboratory testing.  Those locations shall be established as follows:   

 

1. A minimum frequency of one test location per 1,000 feet of seam length 

performed by each welder.  This minimum frequency is to be determined as an 

average taken throughout the entire facility.   

 

2. Test locations shall be determined during seaming at the Geosynthetic CQA's 

discretion.  Selection of such locations may be prompted by suspicion of 

overheating, contamination, offset welds, or any other potential cause of 

imperfect welding.   

 

The Installer shall not be informed in advance of the locations where the seam samples will be 

taken.   

 

2.7.2  Sampling Procedures.  Samples shall be cut by the Installer at locations chosen by the 

Geosynthetic CQA as the seaming progresses so that laboratory test results are available before 

the geomembrane is covered by another material.  The Geosynthetic CQA 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).   

 

All holes in the geomembrane resulting from destructive seam sampling shall be immediately 

repaired in accordance with repair procedures described in Section 2.8.  The continuity of the 

new seams in the repaired area shall be tested according to the project specifications.   
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2.7.3  Sample Dimensions.  At a given sampling location, two types of samples shall be taken by 

the Installer.  First, two samples for field testing should be taken.  Each of these samples shall be 

cut with a 1 inch (25 mm) wide die, with the seam centered parallel to the width.  The distance 

between these two samples shall be 42 inches (1.1 m).  If both samples pass the field test 

described in Section 2.6.3, 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 12 inches (0.3 m) wide by 42 inches (1.1 m) long with the 

seam centered lengthwise.  The sample shall be cut into three parts and distributed as follows:   

 

1. One portion to the Installer for optional laboratory testing, 12 inches x 12 inches 

(0.3 m x 0.3 m).   

 

2. One portion for Geosynthetic QAL testing, 12 inches x 18 inches (0.3 m x 0.5 m) 

and  

 

3. One portion to the Project Manager for archive storage, 12 inches x 12 inches 

(0.3 m x 0.3 m).   

 

Final determination of the sample sizes shall be made at the pre-construction meeting.   

 

2.7.4  Field Testing.  The two 1-inch (25 mm) wide strips mentioned in Section 2.7.3 shall be 

tested in the field 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 20 inches per minute.  If the test passes in accordance with this section, the 

sample qualifies for testing in the laboratory.  If it fails, the seam should be repaired in 

accordance with Section 2.8.  Final judgment regarding seam acceptability, based on the failure 

criteria, rests with the Geosynthetic CQA.  Both tracks are to be tested in peel.   
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The Geosynthetic CQA shall witness all field tests and mark all samples and portions with their 

number.  The Geosynthetic CQA 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.   

 

2.7.5  Laboratory Testing.  Destructive test samples shall be packaged and shipped, if necessary, 

under the responsibility of the Geosynthetic QAL in a manner which will not damage the test 

sample.  The Project Manager will be responsible for storing the archive samples.  Test samples 

shall be tested by the Geosynthetic QAL.   

 

Testing shall include properties as defined in the specifications.  The minimum acceptable values 

to be obtained in these tests are indicated in the specifications.  At least 5 specimens shall be 

tested in each shear and peel.  Specimens shall be selected alternately by test from the samples 

(i.e. peel, shear, peel, shear...).  Parent material strength will be determined by sampling the 

actual sheets adjacent to the destructive test location, in the same direction the seam is tested.   

 

The Geosynthetic QAL shall provide verbal test results no more than 24 hours after they receive 

the samples.  The Geosynthetic CQA shall review laboratory test results as soon as they become 

available, and make appropriate recommendations to the Project Manager.   

 

2.7.6  Destructive Test Failure Procedures.  The following procedures shall apply whenever 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 test locations.   

 

2. The Installer can trace the welding path to an intermediate location (at 10 feet 

(3 m) minimum from the point of the failed test in each direction) and take a 

sample with a 1 inch (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 
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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 2.5.4 may be used as a boundary for the failing seam.  In 

cases exceeding 150 feet (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 2.8.   

 

The Geosynthetic CQA shall document all actions taken in conjunction with destructive test 

failures.   

 

2.8  Defects and Repairs 

 

2.8.1  Identification.  All seams and non-seam areas of the geomembrane shall be examined by 

the Geosynthetic CQA for identification of defects, holes, blisters, undispersed raw materials, 

and any sign of contamination by foreign matter.  Because light reflected by the geomembrane 

helps to detect defects, the surface of the geomembrane shall be clean at the time of examination.  

The geomembrane surface shall be cleaned by the Installer if the amount of dust or mud inhibits 

examination.   

 

2.8.2  Evaluation.  Each suspect location both in seam and non-seam areas shall be 

nondestructively tested using the methods described in Section 2.6 as appropriate.  Each location 

which fails the nondestructive testing shall be marked by the Geosynthetic CQA and repaired by 

the Installer.  Work shall not proceed with any materials which will cover locations which have 

been repaired until appropriate nondestructive and laboratory test results with passing values are 

available.   

 

2.8.3  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 
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these areas.  The final decision as to the appropriate repair procedure shall be agreed upon 

between the Project Manager, Installer, and Geosynthetic CQA.   

 

1. The repair procedures available include:   

 

a. Patching, used to repair large holes, tears, undispersed raw materials, and 

contamination by foreign matter.   

 

b. Spot welding or seaming used to repair small tears,  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.  Repairs of this type shall be 

approved by the Geosynthetic CQA and shall not exceed 50 feet (15 m) in 

length.   

 

e. Removing bad seam and replacing with a strip of new material welded 

into place.   

 

2. For any repair method, the following provisions shall be satisfied:   

 

a. Surfaces of the geomembrane which are to be repaired using extrusion 

methods shall be abraded no more than one hour prior to the repair.   

 

b. All surfaces shall be clean and dry at the time of the repair.   

 

c. All seaming equipment used in repairing procedures shall meet the 

requirements of the QAM.   
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d. Patches or caps shall extend at least 6 inches (150 mm) beyond the edge of 

the defect, and all corners of patches shall be rounded with a radius of 

approximately 3 inches (75 mm).   

 

2.8.4  Repair Verification.  Each repair shall be numbered and logged.  Each repair shall be 

nondestructively tested using the methods described in Section 2.6 as appropriate.  Repairs 

which pass the nondestructive test shall be taken as an indication of an adequate repair.  Repairs 

more than 150 feet long may be of sufficient extent to require destructive test sampling, at the 

discretion of the Geosynthetic CQA.  Failed tests indicate that the repair shall be redone and 

retested until a passing test results.  The Geosynthetic CQA shall observe all nondestructive 

testing of repairs and shall record the number of each repair, date, and test outcome.   

 

2.8.5  Large Wrinkles.  When seaming of the geomembrane is completed, and prior to placing 

overlying materials, the Geosynthetic CQA shall indicate to the Project Manager which wrinkles 

should be cut and reseamed by the Installer.  The number of wrinkles to be repaired should be 

kept to an absolute minimum.  Therefore, wrinkles should be located during the coldest part of 

the installation process, while keeping in mind the forecasted weather to which the uncovered 

geomembrane may be exposed.  Wrinkles are considered to be large when the geomembrane can 

be folded over onto itself.  This is generally the case for a wrinkle that extends 12 inches from 

the subgrade.  Seams produced while repairing wrinkles shall be tested as outlined above.   

 

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 available.  

In addition, small wrinkles should be isolated and covered as quickly as possible to prevent their 

growth.  The placement of cover materials shall be observed by the Geosynthetic CQA to assure 

that wrinkle formation is minimized.   

 

2.9  Geomembrane Protection 

 

The quality assurance procedures indicated in this section are intended only to assure that the 

installation of adjacent materials does not damage the geomembrane.   
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2.9.1  Soils.  A copy of the specifications prepared by the Designer for placement of soils shall 

be given to the Geosynthetic CQA by the Project Manager.  The Geosynthetic CQA shall verify 

that these specifications are consistent with the 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. Placement of soil on the geomembrane should be done during the coolest part of 

the day to minimize the development of wrinkles in the geomembrane.   

 

3. A geotextile or other cushion approved by the Designer is generally required 

between aggregate and the geomembrane.   

 

4. Equipment used for placing soil shall not be driven directly on the geomembrane.   

 

5. A minimum thickness of 1 foot (0.3 m) of soil is specified between a light dozer 

(ground pressure of 5 psi (35 kPa) or lighter) and the geomembrane.   

 

6. In any areas traversed by any vehicles other than low ground pressure vehicles 

approved by the Project Manager, the soil layer shall have a minimum thickness 

of 3 feet (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 CQA shall measure soil thickness and verify that the required thicknesses are 

present.  The Geosynthetic CQA must also verify that final thicknesses are consistent with the 

design and verify that placement of the soil is done in such a manner that geomembrane damage 
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is unlikely.  The Geosynthetic CQA shall inform the Project Manager if the above conditions are 

not fulfilled.   

 

2.9.2  Sumps and Appurtenances.  A copy of the plans and specifications prepared by the 

Designer for appurtenances shall be given by the Project Manager to the Geosynthetic CQA.  

The Geosynthetic CQA shall review these plans and verify that:   

 

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

geomembrane to appurtenances have been made according to 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 

appurtenances.   

 

The Geosynthetic CQA shall inform the Project Manager in writing if the above conditions are 

not fulfilled.   

 

2.10  Lining System Acceptance 

 

Upon written recommendation by the Geosynthetic CQA, the Project Manager shall consider 

accepting the geosynthetic lining system.  The conditions of acceptance are described below.  

The Installer and Manufacturer(s) will retain all ownership and responsibility for the 

geosynthetics in the lining system until acceptance by the Canton Mill.  At the Canton Mill's 

discretion, the geosynthetic lining system may be accepted in sections or at points of substantial 

completion.   

 

The geosynthetic lining system shall be accepted by the Canton Mill when:   

 

1. The installation of the lining system, or section thereof, is finished.   
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2. Verification of the adequacy of all seams and repairs, including associated testing, 

is completed.   

 

3. All documentation of installation is completed.   

 

4. The Geosynthetic CQA is able to recommend acceptance.   

 

The Geosynthetic CQA shall certify that installation has proceeded in accordance with the 

geosynthetic portions of the project QAP except as noted to the Project Manager.   
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3.0     GEOTEXTILES 

 

3.1  Quality Control Documentation 

 

Prior to the installation of any geotextile, the Manufacturer or Installer shall provide the Project 

Manager with the following information:   

 

1. The origin (resin supplier's name and resin production plant) and identification 

(brand name and number) of the resin used to manufacture the geotextile.   

 

2. Copies of the quality control certificates issued by the resin supplier.   

 

3. Reports on tests conducted by the Manufacturer to verify that the quality of the 

resin used to manufacture the geotextile meets the Manufacturer's resin 

specifications.   

 

4. Reports on quality control tests conducted by the Manufacturer to verify that the 

geotextile manufactured for the project meets the project specifications.   

 

5. A statement indicating that the reclaimed polymer added to the resin during 

manufacturing was done with appropriate cleanliness.   

 

6. A list of the materials which comprise the geotextile, expressed in the following 

categories as percent by weight:  base polymer, carbon black, other additives.   

 

7. A specification for the geotextile which includes all properties contained in the 

project specifications measured using the appropriate test methods.   

 

8. Written certification that minimum average roll values given in the specification 

are guaranteed by the Manufacturer.   
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9. For non-woven geotextiles, written certification that the Manufacturer has 

continuously inspected the geotextile for the presence of needles and found the 

geotextile to be needle free.   

 

10. Quality control certificates, signed by a responsible party employed by the 

Manufacturer.  The quality control certificates shall include roll identification 

numbers, sampling procedures, and results of quality control tests.  At a 

minimum, results shall be given for those properties stated in Section 02272 Part 

1.05(A) of the project specifications.   

 

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

 

1. Manufacturer's name 

2. Product identification 

3. Roll number 

4. Roll dimensions 

 

3.1.1  Product Review:  The Project Manager 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 properties meet the project specifications.   
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3.2  Geotextile Deployment 

 

During shipment and storage, the geotextile shall be protected from ultraviolet light exposure, 

precipitation or other inundation, mud, dirt, dust, puncture, cutting, or any other damaging or 

deleterious conditions.  Geotextile rolls shall be shipped and stored in relatively opaque and 

watertight wrappings.  Wrappings shall be removed shortly before deployment.   

 

The Geosynthetic CQA shall observe rolls upon delivery at the site and any deviation from the 

above requirements shall be reported to the Project Manager.   

 

The Installer shall handle all geotextiles in such a manner as to assure they are not damaged in 

any way, and the following shall be complied with:   

 

1. On slopes, the geotextiles shall be securely anchored and then rolled down the 

slope in such a manner as to continually keep the geotextile sheet in tension.   

 

2. In the presence of wind, all geotextiles shall be weighted with sandbags or the 

equivalent.  Such sandbags shall be installed during deployment and shall remain 

until replaced with cover material.   

 

3. Geotextiles shall be cut using a geotextile cutter (hook blade) only.  If in place, 

special care shall be taken to protect other materials from damage which could be 

caused by the cutting of the geotextiles.   

 

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

underlying layers during placement of the geotextile.   

 

5. During placement of geotextiles, care shall be taken not to entrap, in or beneath 

the geotextile, stones, excessive dust, or moisture that could damage the 

geomembrane, cause clogging of drains or filters, or hamper subsequent seaming.   
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6. A visual examination of the geotextile shall be carried out over the entire surface, 

after installation, to assure that no potentially harmful foreign objects, such as 

needles, are present.   

 

The Geosynthetic QAL shall note any noncompliance and report it to the Project Manager.   

 

3.3  Seaming Procedures 

 

On slopes steeper than 10 horizontal:1 vertical, all geotextiles shall be continuously sewn (i.e., 

spot sewing is not allowed).  Geotextiles shall be overlapped a minimum of 3 inches prior to 

seaming.  In general, no horizontal seams shall be allowed on sideslopes (i.e., seams shall be 

along, not across, the slope), except as part of a patch.   

 

On bottoms and slopes shallower than 10 (horizontal):1 (vertical), geotextiles shall be seamed as 

indicated above (preferred), or thermally bonded with the written approval of the Project 

Manager.   

 

The Installer shall pay particular attention at seams to assure that no earth cover material could 

be inadvertently inserted beneath the geotextile.   

 

Any sewing shall be done using polymeric thread with chemical and ultraviolet light resistance 

properties equal to or exceeding those of the geotextile.  Sewing shall be done using machinery 

and stitch types specified in the project specifications or as approved in writing by the Project 

Manager.   

 

3.4  Defects and Repairs 

 

Any holes or tears in the geotextile shall be repaired as follows:   
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On slopes, a patch made from the same geotextile shall be sewn into place in accordance with the 

project specifications.  Should any tear exceed 10 percent of the width of the roll, that roll shall 

be removed from the slope and replaced.   

 

Care shall be taken to remove any soil or other material which may have penetrated the torn 

geotextile.   

 

The Geosynthetic CQA shall observe any repair and report any noncompliance with the above 

requirements in writing to the Project Manager.   

 

3.5  Geotextile Protection 

 

All soil materials located on top of a geotextile shall be deployed in such a manner as to assure:   

 

1. The geotextile and underlying lining materials are not damaged.   

 

2. Minimal slippage of the geotextile on underlying layers occurs.   

 

3. No excess tensile stresses occur in the geotextile.   

 

Unless otherwise specified by the Geosynthetic CQA, all lifts of soil material shall be in 

conformance with the guidelines given in Section 4.9.1.   
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4.0     GEOSYNTHETIC CLAY LINERS (GCL) 

 

4.1  Quality Control Documentation 

 

Prior to the installation of any GCL, the Manufacturer or Installer shall provide the Project 

Manager with the following information:   

 

 1. The origin (bentonite and geotextile supplier's name and bentonite and geotextile 

production plant) and identification (brand name and number) of the bentonite 

and geotextile used to manufacture the GCL.   

 

 2. Copies of the quality control certificates issued by the bentonite and geotextile 

supplier.   

 

 3. Reports on tests conducted by the Manufacturer to verify that the quality of the 

bentonite and geotextile used to manufacture the GCL meets the Manufacturer's 

bentonite and geotextile specifications.   

 

 4. Reports on quality control tests conducted by the Manufacturer to verify that the 

GCL manufactured for the project meets the project specifications.   

 

 5. A specification for the GCL which includes all properties contained in the project 

specifications measured using the appropriate test methods.   

 

 6. Written certification that minimum average roll values given in the specification 

are guaranteed by the Manufacturer.   

 

 7. For non-woven geotextiles, written certification that the Manufacturer has 

continuously inspected the geotextile for the presence of needles and found the 

geotextile to be needle free.   
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 8. Quality control certificates, signed by a responsible party employed by the 

Manufacturer.  The quality control certificates shall include roll identification 

numbers, sampling procedures, and results of quality control tests.  At a 

minimum, results shall be given for those properties stated in Section 02275 Part 

1.04(B) of the project specifications.   

 

  Quality control tests shall be performed in accordance with the test methods 

specified in the project specifications for at least every 50,000 ft2 of GCL 

produced.   

 

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

 

 1. Manufacturer's name 

 2. Product identification 

 3. Roll number 

 4. Roll dimensions 

 

4.1.1  Product Review:  The Project Manager 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 properties meet the project specifications.   
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4.2  Conformance Testing 

 

Upon delivery of the rolls of GCLs, the Project Manager shall assure that conformance test 

samples are obtained for the GCL.  Samples shall be obtained for conformance testing at a 

frequency of 1 sample per 100,000 ft2 delivered, with a minimum of 1 per lift.  These samples 

shall then be forwarded to an independent laboratory for testing to assure conformance to the 

project specifications.   

 

The conformance tests shall be performed in accordance with the test methods indicated in 

Section 31 05 19.16 Part 1.6.  Other conformance tests may be required by the Project Manager.   

 

4.2.1  Sampling Procedures:  The rolls to be sampled shall be selected by the Project Manager.  

Samples shall be taken across the entire width of the roll.  Samples shall not be taken from any 

portion of a roll which has been subjected to excess pressure or stretching.  Unless otherwise 

specified, samples shall be 3 ft long by the roll width.  All lots of material and the particular test 

sample that represents each lot should be defined before the samples are taken.   

 

A lot shall be defined as a group of consecutively numbered rolls from the same manufacturing 

line.  Alternatively, a lot may be designated by the Project Manager based on a review of all roll 

information including quality control documentation and manufacturing records.   

 

Unless otherwise specified, samples shall be taken at a rate of one per lot, not less than one 

conformance test per 100,000 ft2 of GCL.   

 

4.2.2  Test Results.  All conformance test results shall be reviewed and accepted or rejected by 

the Project Manager prior to the deployment of the GCL.   

 

The Project Manager shall be responsible for checking that all test results meet or exceed the 

property values listed in the project specifications.   
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If the Manufacturer has reason to believe that failing tests may be the result of the independent 

laboratory incorrectly conducting the tests, the Manufacturer may request that the sample in 

question be retested by the independent laboratory with a technical representative of the 

Manufacturer present during the testing.  This retesting shall be done at the expense of the 

Manufacturer.  Alternatively, the Manufacturer may have the sample retested at two different 

approved independent laboratories at the expense of the Manufacturer.  If both laboratories 

produce passing results, the material shall be accepted.  If both laboratories do not produce 

passing results, then the original independent laboratory test results shall be accepted.  The use of 

these procedures for dealing with failed test results is subject to the approval of the Project 

Manager.   

 

If a test result is in 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 roll that was sampled and 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.   

 

4.3  GCL Deployment 

 

During shipment and storage, the GCL shall be protected from ultraviolet light exposure, 

precipitation or other inundation, mud, dirt, dust, puncture, cutting, or any other damaging or 

deleterious conditions.  GCL rolls shall be shipped and stored in relatively opaque and watertight 

wrappings.  Wrappings shall be removed shortly before deployment.   

 



___________________ 
\\Nserver\cfs\Brpp\NC\6d-n\Docs\S\6DNorth_QAQC.DOC 
Sevee & Maher Engineers, Inc. 
August 15, 2013 

4-5

The Project Manager shall observe rolls upon delivery at the site and any deviation from the 

above requirements shall be reported to the Project Manager.   

 

The Installer shall handle all GCLs in such a manner as to assure they are not damaged in any 

way, and the following shall be complied with:   

 

 1. On slopes, the GCLs shall be securely anchored and then rolled down the slope in 

such a manner as to continually keep the GCLs fully relaxed (but not wrinkled).   

 

 2. GCLs shall be cut using a utility knife or special (manufacturer) cutter only.  If in 

place, special care shall be taken to protect other materials from damage which 

could be caused by the cutting of the GCLs.   

 

 3. The Installer shall take any necessary precautions to prevent damage to 

underlying layers during placement of the GCL.   

 

 4. A visual examination of the GCL shall be carried out over the entire surface, after 

installation, to assure that no potentially harmful foreign objects, such as needles, 

are present.   

 

 5. The Installer shall sign and submit subgrade surface acceptance certificates for 

each area to be covered by the GCL.   

 

 6. The Installer shall deploy no more GCL material than can be covered with 

geomembrane by the end of that working day; this shall be verified by the Project 

Manager.   

 

 7. The Installer shall use a core pipe to lift the GCL during deployment which does 

not bend excessively creating unacceptable tension in the GCL, this shall be 

verified by the Project Manager.   
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 8. To prevent damage, the GCL panels should not be dragged along the subgrade 

surface.   

 

4.4  Seaming Procedures 

 

GCLs shall be overlapped a minimum of 6 inches prior to seaming.  In general, no horizontal 

seams shall be allowed on sideslopes (i.e., seams shall be along, not across, the slope), except as 

part of a patch.  The GCL shall be seamed with a minimum of 115 g/lf of bentonite.   

 

The Project Manager shall pay particular attention at seams to assure that no earth cover material 

could be inadvertently inserted beneath the GCL.   

 

4.5  Defects and Repairs 

 

Any holes or tears in the GCL shall be repaired as follows:   

 

Place a bead of granular bentonite at the minimum rate of one-half pound per linear foot around 

the damaged area, cut a batch of new GCL to fit over the damaged area and extending a 

minimum of two feet beyond it, and carefully backfill.   

 

Care shall be taken to remove any soil or other material which may have penetrated the damaged 

GCL.   

 

4.6  GCL Protection 

 

All soil materials located on top of a GCL shall be deployed in such a manner as to assure:   

 

 1. The GCL is not damaged.   

 

 2. Minimal slippage of the GCL on underlying layers occurs.   
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 3. No excess tensile stresses occur in the GCL.   

 

4.7  Installation Documentation 

 

The Project Manager shall prepare and submit the following information as part of the project 

documentation plan:   

 

 1. A panel layout drawing in which the GCL roll numbers are keyed to their location 

in the field.  Location where damage was encountered and repaired shall also be 

marked.   

 

 2. All conformance testing results.   

 

 3. All daily reports detailing the GCL deployment.   

 

 4. Subgrade surface acceptance certifications signed by the responsible parties.   

 

 5. A compilation of all CQA checklists completed during the installation.   

 

 6. All manufacturer's certifications and accompanying test data.   

 

 7. A description of deviations, if any, made to the original CQA plan during the 

installation.   

 

 8. The Geosynthetic Construction quality Control Agent will accept the GCL prior 

to placement.   
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5.0     LINER SOIL QUALITY ASSURANCE 

 

Approximately 620,000 cubic yards of common borrow soil will be required to cover the base 

and build the slopes of Landfill No. 6 Amendment Area 6D North.  Common borrow No. 1 is the 

soil that will serve as bedding layer for the HDPE geomembrane liner.  Common borrow No. 2 is 

the soil layer that will be used to create separation from the HDPE geomembrane from either 

groundwater/surface water and/or bedrock or to build embankments.   

 

The Canton Mill will retain the services of a technician familiar with various aspects of landfill 

construction, to serve as the on-site representative during construction.  Services of a general 

contractor will be procured through a competitive bid process.  Bid packages for the solicitation 

of construction services will require the contractor to identify and demonstrate familiarity and 

experience with the various aspects of landfill construction.  To control the quality of the soil 

materials used in the landfill development, this Quality Assurance/Quality Control (QA/QC) 

program will be implemented.  The program will include borrow source testing to demonstrate 

compliance with material specifications, and construction testing to demonstrate that materials 

have been properly installed.   

 

5.1  Borrow Source Testing 

 

The contractor, as part of his proposal, will be required to identify the till borrow source.  Once 

the construction contract has been awarded, the selected contractor will be required to perform 

an initial borrow source testing program.  The contractor shall employ a testing laboratory 

acceptable to the Canton Mill to perform the soil testing of a potential borrow source to pre-

qualify it.  The intent of this program will be to determine the variability of the source properties, 

and its compliance with the project specifications.  The Canton Mill’s representative will 

accompany the contractor during the collection of the soil samples to develop an understanding 

of the variability of the till borrow source.  The contractor will also be required to submit soil 

logs and a plan of the borrow source showing the locations where the samples were collected. 

 



___________________ 
\\Nserver\cfs\Brpp\NC\6d-n\Docs\S\6DNorth_QAQC.DOC 
Sevee & Maher Engineers, Inc. 
August 15, 2013 

5-2

The laboratory shall perform the analysis as shown on Table 5-1 and Table 5-2.   

TABLE 5-1 

 
AREA 6D NORTH 

BORROW SOURCE TESTING PROGRAM 
COMMON BORROW NO. 1 (WITHIN 1 FOOT OF SYNTHETIC LINER) 

 
 

Test Method
Test

Frequency1
Required 
Properties 

 
Grain Size 
Analysis 

 
ASTM D 422-
63 

1/3000 yd3 Minimum 20% soil 
particles passing #200 
sieve; maximum particle 
size <1 inch

Moisture/Density ASTM D 1557 1/5000 yd3 (2)
 

Notes:   
 
1. Test frequency per source. 
2. Moisture density tests used to define maximum dry density and 

associated optional moisture content. 
 

TABLE 5-2 
 

AREA 6D NORTH 
BORROW SOURCE TESTING PROGRAM 
NO. 78 LEACHATE COLLECTION STONE 

 
 

Test Method
Test

Frequency1
Required 
Properties 

 
Grain Size 
Analysis 
 

 
ASTM D 422 1/3000 yd3 (2) 

 
Notes:   
 
1. Test frequency per source. 
2. Grain size distribution listed in  specifications packet.   
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6.0     SOIL QUALITY CONTROL 

 

The following quality control procedures and testing will be utilized by the Canton Mill to guide 

and document construction of the soil liner.   

 

6.1  Subgrade Preparation 

 

The areas receiving soil will be prepared by the Contractor prior to placing the till.  Preparation 

of the subgrade will include grading of subgrade.   

 

6.2  Liner Soil Placement 

 

The following QA/QC procedures will be used during placement of the soil liner material.   

 

6.2.1  Moisture Control.  Moisture content of the common borrow No. 1 shall range from 0 to 4 

percent higher than optimum, as determined by ASTM D 698 (standard proctor) or as 

determined necessary to meet the project specifications.  Moisture content of the common 

borrow No. 2 soil must be less than 2 percent of optimum as determined by ASTM D 698.  

Where subgrade or a layer of soil material must be moisture conditioned before compaction, 

water will be uniformly applied to surface of subgrade, or layer of soil material, in proper 

quantities to prevent free water appearing on surface during or subsequent to compaction 

operations.   

 

Soil material that is too wet to permit compaction to the specified density will be removed and 

replaced, or scarified and air dried.   

 

Soil material that has been removed because it is too wet to permit compaction may be 

stockpiled or spread and allowed to dry.  The soils may be disced, harrowed, or pulverized until 

moisture content is reduced to a satisfactory level.   
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6.2.2  Placement and Compaction.  Placement of fill materials will be in layers not more than 15” 

in loose depth for material compacted by heavy compaction equipment, and not more than 6" in 

loose depth for material compacted by hand-operated tampers.  Low hydraulic conductivity soil 

used for the geomembrane bedding layer will have a maximum in-place compacted lift thickness 

of 12 inches.  Lift thickness will be measured by the Contractor and the CQA Agent during 

placement at the frequency of 5 tests per acre per lift.  The Contractor may use driven wooden 

grade stakes to aid in the placement of each lift provided that all the grade stakes are collected 

and accounted for at the completion of the work and that all holes left behind by the grade stakes 

are filled with granular bentonite.  Other methods of determining lift thickness such as GPS 

survey or free-standing flexible grade stakes can also be used.  The CQA Agent may also 

determine lift thickness by digging small test pits through the loose soil lift into the underlying 

layer.   

 

Before compaction, moisten or aerate each layer as necessary to provide the optimum moisture 

content.  Compact each layer to required percentage of maximum dry density for each area 

classification.  Do not place backfill or fill material on surfaces that are muddy, frozen, or con-

tain frost or ice. 

 

Place backfill and fill materials evenly adjacent to structures, to required elevations.  Take care 

to prevent wedging action of backfill against structures by carrying the material uniformly 

around structure to approximately same elevation in each lift.  To connect soil barrier layer lifts 

to a completed barrier layer section (as a result of repairs or sequential liner section at 

construction), offset the lifts by one-half the compaction equipment width to create a horizontal 

bench without continuous vertical joints through all lifts of the barrier layer.   

 

To provide for clod break-up of the till material, a minimum number of 2 passes will be made 

with deep footed pad roller.  The CQA Agent will perform visual inspections and measurements 

as necessary to assure the maximum clod size of the cover soil does not exceed 2 to 3 inches.  

The Contractor shall make the necessary adjustments including increasing the number of passes 

with the sheepsfoot roller, decreasing the lift thickness or adjusting the moisture content of the 

clay to control the clod size of the cover soil.   
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To eliminate desiccation cracks the surface will be moistened (as necessary) and reworked with 2 

passes of a smooth drum roller.  Desiccation is defined as moisture content below optimum, or 

cracks deeper than 1 inch.   

 

Sealing the lifts will encourage runoff from storms, thus limiting development of excessively 

moist or wet lenses of soil within the barrier layer.   

 

To promote good bonding between lifts, the lift surface shall be scarified or otherwise roughened 

by tracking with a bulldozer prior to placing the next lift of till.  The Contractor shall scarify the 

in-place lift surface to an approximate depth of 1 inch.  The CQA Agent shall visually assure that 

the soil has been properly scarified prior to placement of subsequent lifts.  The scarified zone 

will be considered part of the loose lift thickness of the subsequent lift.   

 

The following types of equipment will be specified for compaction:   

 

 Caterpillar 825H Pad Foot Roller or equivalent equipment approved by the CQA Agent.  

Equivalent equipment shall meet the following specifications:   

 

 Minimum Operating Weight    72,000 lbs 

 Maximum Drum Width    44.4 inches 

 Maximum Pad Tip Area    18 square inches 

 Minimum Pad Height     7.5 inches 

 Minimum Wheel Diameter    66 inches 

 

 The passage of compaction equipment in either direction (forward or backward) is 

considered a "pass.”   

 

The following equipment will be used to obtain a smooth roll surface.   
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 Caterpillar CS563 Vibratory Drum Roller or equivalent equipment approved by the CQA 

Agent.  Equivalent equipment shall meet the following specifications:   

 

 Minimum Operating Weight    24,500 lbs 

 Vibration Frequency     1400 to 1800 vpm 

 Centrifugal Force 

  High amplitude    50,000 lbs 

  Low amplitude    35,000 lbs 

 Maximum Drum Width    7.0 feet 

 

6.3  Geomembrane Protection 

 

The quality assurance procedures indicated in this section are intended to assure that the 

installation of adjacent materials does not damage the geomembrane.   

 

6.3.1  Soils.  A copy of the specifications prepared by the Designer for placement of soils shall 

be given to the Geosynthetic CQA by the Project Manager.  The Geosynthetic CQA shall verify 

that these specifications are consistent with the 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. Placement of soil on the geomembrane should be done during the coolest part of 

the day to minimize the development of wrinkles in the geomembrane.   

 

3. A geotextile or other cushion approved by the Designer is required between 

aggregate and the geomembrane.   

 

4. Equipment used for placing soil shall not be driven directly on the geomembrane.   
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5. A minimum thickness of 1 foot (0.3 m) of soil is specified between a light dozer 

(ground pressure of 5 psi (35 kPa) or lighter) and the geomembrane.   

 

6. In any areas traversed by any vehicles other than low ground pressure vehicles 

approved by the Project Manager, the soil layer shall have a minimum thickness 

of 3 feet (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 CQA shall measure soil thickness and verify that the required thicknesses are 

present.  The Geosynthetic CQA must also verify that final thicknesses are consistent with the 

design and verify that placement of the soil is done in such a manner that geomembrane damage 

is unlikely.  The Geosynthetic CQA shall inform the Project Manager if the above conditions are 

not fulfilled.   

 

6.3.2  Sumps and Appurtenances.  A copy of the plans and specifications prepared by the 

Designer for appurtenances shall be given by the Project Manager to the Geosynthetic CQA.  

The Geosynthetic CQA shall review these plans and verify that:   

 

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

geomembrane to appurtenances have been made according to 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 

appurtenances.   

 

The Geosynthetic CQA shall inform the Project Manager in writing if the above conditions are 

not fulfilled.   
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6.4   In-Place Testing 

 

As the liner material is used in the landfill development, in-place testing will be performed by 

the owner’s representative to monitor material placement and conformance with the criteria 

specified in the construction specifications.  In-place material testing will be performed by a 

qualified materials testing laboratory and will be observed by the CQA Agent.  Testing will be 

performed on each lift prior to placement of the subsequent lift.  The contractor will be required 

to remove or rework material not conforming with material properties specified.   

 

The owner’s testing service shall perform the field moisture content and field density tests 

specified in Table 6-1 and Table 6-2 to document the liner soil in-place properties.  The 

Contractor shall be responsible for grain size analysis.   

TABLE 6-1 
 

AREA 6D NORTH 
IN-PLACE TESTING PROGRAM 

LINER SOIL 
 

 
Test Method

Test
Frequency1

Required 
Properties 

 
Grain Size 
Analysis 

 
ASTM D 422-
63 

1/1000 cy Minimum 20% soil 
particles passing #200 
sieve; maximum soil 
particle size <1 inch 

Field Moisture 
Content 

ASTM D 3017 10/acre/lift 0 to 6% above optimum 

Field Density ASTM D 2922 10/acre/lift 90% of maximum 
Liner Thickness Hand Auger 5/acre/lift 12 inch per lift 

Note 
 
1. Backfill all in-place test holes with bentonite.   

 
TABLE 6-2 

 
AREA 6D NORTH 

IN-PLACE TESTING PROGRAM 
NO. 78 LEACHATE COLLECTION STONE 

 
 

Test Method
Test

Frequency
Required 
Properties 

 
Grain Size 
Analysis 

 
ASTM D 422-63 1/3000 cy (1) 

Note 
 
1. Grain size distribution listed in specifications packet.   
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7.0     CONSTRUCTION DOCUMENTATION 

 

During construction, the Canton Mill’s representative will document that the compaction 

procedures are being followed, the soil and geosynthetic materials are provided and installed for 

the Valley Fill liner as specified.  A full-time project representative will be assigned to the 

construction of the liner.   

 

7.1  Inspection Reports 

 

Inspection reports will be prepared daily and summarized weekly by the Canton Mill’s 

representative during the closure of the Landfill.  The reports will include, but is not limited to:   

 

 Contractor submittals, 

 Soil and geomembrane material test results, 

 A summary of work progress, 

 Photographs, and 

 Record drawings. 

 

The weekly summaries will be forwarded to the NCDENRDSW on a regular basis. 

 

7.2  Final Construction Certification and Report 

 

A final construction report will be submitted by the Canton Mill to the NCDENRDSW within 30 

days following the completion of construction of the Valley Fill Cell at the Landfill.  The report 

will include, but is not limited to:   

 

 Written certification signed and stamped by Engineer supervising project 

inspection (Statement of Compliance),  

 Submittals,  

 Field changes and construction modifications,  
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 QA/QC testing reports,  

 Daily reports, and  

 Photographs.   

 

The report will also contain a request that the NCDENRDSW conduct an inspection of the 

facility for a finding of compliance with the Solid Waste Management Regulations. 




