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EXECUTIVE SUMMARY 
 
GENERAL 
 
The following is a Permit to Construct Application submitted on behalf of Davidson County for 
construction of the Phase 2 - Area 2 disposal unit at the County's existing landfill facility near 
Lexington.  Area 2 will be a lined Subtitle D landfill unit located adjacent to and east of the 
existing Area 1 unit currently in operation.  It is the intent of the County to proceed with the 
construction of Area 2 in early 2013.  The County anticipates that it will run out of space in the 
existing Area 1 unit by late 2013. 
 
The overall Phase 2 unit will occupy approximately 88 acres (lined) and have a gross volume of 
approximately 8.2 million cubic yards (MCY).  The Phase 2 - Area 2 landfill unit will occupy 
approximately 11.9 acres (lined) and have a gross volume of 0.9 MCY.  At the projected gate 
rates as described in the Facility and Engineering Plan (Attachment A), Area 2 has been 
designed for approximately 5 years of disposal volume. 
 
Phase 2 - Area 2 will use either a standard composite liner system or an alternative liner system, 
as allowed under North Carolina regulations.  The components of the liner and leachate 
collection systems will consist of the following components (top-down): 
 

Standard Liner System: 
 

 a leachate collection system (LCS) consisting of: 
 

Base and Side Slopes: 
< a 24-inch thick layer of leachate collection media (No. 78 stone); 
< a series of perforated collection pipes placed within coarse 

aggregate columns; and 
< a Type GT-C geotextile. 

 
Alternatively, on the landfill base, the upper 12-inches of collection media 
may be replaced by a Type GT-S geotextile and a 12-inch thick layer of 
protective cover soil.  On the landfill side slopes, all LCS components 
listed above may be replaced by a drainage geocomposite and a 24-inch 
thick layer of protective cover soil. 

 
 a 60-mil thick HDPE geomembrane liner; and 
 a 24-inch thick soil liner with a permeability of no more than 1 x 10-7 cm/sec  

(“compacted clay liner”). 
 

OR 
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Alternative Liner System: 
 

 a LCS (components as listed above for the standard liner system); 
 a 60-mil HDPE geomembrane liner; 
 a geosynthetic clay liner (GCL); and 
 an 18-inch thick soil liner with a permeability of no more than 1 x 10-5 cm/sec 

(“compacted soil liner”). 
 
According to the guidelines set forth by North Carolina Division of Waste Management (DWM) 
the alternative liner system described above is considered an approved alternative having 
previously been demonstrated to provide at least the same protection as the standard composite 
liner. 
 
Leachate generated from Area 2 will be collected in a sump located on the north side of the unit. 
 From the sump, the leachate will be pumped using side riser pumps to the existing leachate 
storage tank facility located to the northeast of Area 2. 
 
Area 2 may be constructed in two cells (Cells 1 and 2) of approximately equal lined area.  If the 
County decides to do this, the required details for incremental construction are included in this 
application. 
 
This document also provides an updated plan for the development of Phase 2 which consists of 
Areas 1 through 8.  These units are planned to be filled in sequence as the prior areas become at 
or near capacity.  Based on a disposal rate of 115,000 tons per year, Phase 2 has a remaining life 
expectancy of approximately 40 years. 
 
REGULATORY REFERENCES 
 
This submittal has been prepared in accordance with the requirements of the North Carolina 
Solid Waste Management Rules (15A NCAC 13B.1600) and the North Carolina Sedimentation 
Control Rules (15A NCAC 4) which are enforced by the Division of Waste Management 
(DWM) and the Division of Land Quality, respectively, of the North Carolina Department of 
Environment and Natural Resources (DENR).  Included in this submittal are the following 
documents (with applicable rule(s) in italics): 
 

Facility and Engineering Plan (.1619 and .1620); 
Technical Specifications (.1620); 
Construction Quality Assurance (CQA) Manual (.1621); 
Operations Manual (.1625); 
Closure and Post-Closure Plan (.1629); 
Erosion and Sedimentation Control Plan (.1624 and 15A NCAC 4); 
Slope Stability, Settlement, and Bearing Capacity Evaluation (.1620); 
Permit to Construct Drawings (.1619, .1620, .1624, .1625, .1629, and 15A NCAC 4); and 
Design Hydrogeologic Report (.1623). 
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The Facility and Engineering Plan presents plans for the development and detailed engineering 
design of Phase 2 - Area 2, and, along with the Technical Specifications, slope stability and 
settlement, and bearing capacity evaluation, and Project Drawings, has been prepared to comply 
with the requirements of 15A NCAC 13B.1619 and .1620. 
 
The Construction Quality Assurance (CQA) Manual has been prepared to provide the Owner, 
Engineer, and CQA Engineer the means to govern the construction quality and to satisfy landfill 
certification requirements under current North Carolina Solid Waste Management regulations.  
This document has been prepared to comply with the requirements of 15A NCAC 13B.1621. 
 
The Operations Manual outlines and describes protocols for facility operation and maintenance 
and was prepared to provide landfill personnel with a clear understanding of how the Design 
Engineer assumed that the completed facility would be operated.  Along with the Project 
Drawings, the Operations Manual has been prepared to comply with the requirements of 15A 
NCAC 13B.1625. 
 
The Closure and Post-Closure Plan was prepared to outline the requirements for closure and 
post-closure activities at the landfill facility (including MSW and C&D units) and includes a cost 
analysis for each.  Along with the Project Drawings, this document has been prepared to comply 
with the requirements of 15A NCAC 13B.1629. 
 
The Erosion and Sedimentation Control Plan was prepared to describe both initial and long term 
(final) erosion and sedimentation control measures used at the site.  This document, along with 
the Project Drawings, was prepared to satisfy the requirements of 15A NCAC 13B.1624 and 
15A NCAC 4. 
 
The Design Hydrogeologic Report was prepared to describe the site geologic and hydrogeologic 
characteristics and complies with the requirements of 15A NCAC 13B.1623.  This report also 
includes updated water quality and landfill gas monitoring plans for Phase 2. 
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SECTION 1.0 
INTRODUCTION 

 
1.1 OVERVIEW 
 
The Davidson County Landfill facility is located near Lexington, North Carolina and operates 
under NC Solid Waste Permit 29-06.  The landfill facility includes an active 14.7 acre Subtitle D 
municipal solid waste (MSW) landfill (Phase 2 - Area 1) and an active construction and 
demolition debris (C&D) landfill.  The facility includes scales and scale house facilities (2), 
administrative offices, a maintenance building, a white goods, scrap metal, and tire handling 
area, a citizen’s convenience center, a household hazardous waste (HHW) collection facility, and 
a recycling building.  The facility also has three closed MSW landfill units (Phase 1 (lined) and 
Holly Grove Landfill - Areas 1 and 2 (unlined)) which are maintained by the County. 
 
Based on current projections, Phase 2 - Area 1 is expected to remain in operation until mid to 
late 2013.  Once Area 1 has reached capacity, the County will need to expand laterally into the 
Area 2 landfill unit.  The purpose of this Facility and Engineering Plan is to present the updated 
plans for the development of Phase 2 and to specifically discuss the detailed design of Phase 2 - 
Area 2.  It is the intent of Davidson County to proceed with the construction of Area 2 in early 
2013. 
 
Note that Area 2 may be constructed in two cells (Cells 1 and 2) of approximately equal lined 
area.  If the County decides to do this, the required details for incremental construction are 
included in this application. 
 
A letter of Site Suitability was issue on March 23, 2012 pertaining to remaining portions of 
Phase 2 (24.3 Acres) which have been added to the previously approved area.  The landfill units 
in these portions of the site are denoted as Area 3 and Area 8 in this updated plan. 
 
This section gives a brief overview of this report and a description of the site.  Section 2 gives a 
description of the development of the Davidson County MSW Landfill including the currently 
proposed Phase 2 - Area 2 unit.  Sections 3 through 5 of this report focus on the design of the 
liner system, the leachate management system, and the final cover system of the Phase 2 - Area 2 
disposal unit, respectively. 
 
1.2 SITE DESCRIPTION 
 
The Phase 2 site is located in the northern portion of the facility which is separated from the 
southern portion by the North Carolina Railroad (NCRR) right of way.  Phase 2 is bounded to 
the north by Old U.S. Highway 29, to the east by adjacent properties, to the south by the NCRR 
right of way, and to the west by Rich Fork Creek.  There are wetland areas to the north and west 
along Rich Fork Creek and to the south of the proposed Phase 2 footprint adjacent to the railroad 
right of way.  The topographic relief of the site is approximately 100 feet, ranging from elevation 
640 feet to elevation 740 feet.  Existing conditions are shown on Drawing S1 of the Permit to 
Construct Drawings (Attachment H to the Permit to Construct Application).  Access to Phase 2 
is from Old U.S. Highway 29. 
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The proposed Phase 2 -Area 2 Subtitle D landfill unit will occupy approximately 11.9 acres 
(lined) immediately to the east of the existing Area 1 unit.  At the projected gate rates described 
in Section 2.0 (Facility Report), Phase 2 - Area 2 has been designed for approximately 5 years of 
disposal volume.  Additionally, Phase 2 has been designed to meet current DWM setback and 
horizontal buffer requirements:  300 feet from property lines, 500 feet from residences or active 
water wells. 
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SECTION 2.0 
FACILITY REPORT 

 
2.1  OVERVIEW 
 
This section presents an updated plan for the development of the Phase 2 MSW landfill unit of 
Davidson County’s Landfill facility.  This report has been prepared in accordance with the 
requirements of Rule .1619 of the North Carolina Solid Waste Management Regulations.  Note 
that a separate Facility and Engineering Plan for the site’s C&D landfill unit is contained in the 
approved permit application for Phases 3 and 4 of the C&D landfill1. 
 
2.2  FACILITY SERVICES AND WASTE STREAM 
 

2.2.1  Facility Services 
 

Currently, the following activities or services are provided at the Davidson County 
Landfill facility: 

 
 Scales and scale house facilities 
 Administrative offices and maintenance building 
 Subtitle D MSW landfill 
 C&D landfill 
 White goods, scrap metal, and tire handling area 
 Convenience center 
 Household hazardous waste (HHW) collection facility 
 Recycling building. 

 
 

2.2.2  Types of Waste 
 

The Davidson County Landfill facility accepts municipal solid waste (MSW) originating 
from residential, commercial, and industrial sources, construction and demolition debris 
(C&D) waste,  and other wastes (i.e. white goods and tires).  These wastes are segregated 
and directed to on-site facilities for disposal or processing/handling are as described 
below. 

 
2.2.3  Disposal Rates and Estimated Variances 

 
Based on the 2010-2011 Solid Waste Management Annual Report information provided 
by the County, the landfill accepted 112,821 tons of MSW from 7/1/10 to 6/30/11 
(average 9,402 tons per month or 376 tons per day based on 300 operating days per year). 
This tonnage has been typical for the facility in recent years.  As documented during the 

                                                 
1 Richardson Smith Gardner & Associates, Inc. (2011), Permit Amendment Application, Davidson County C&D 
Landfill, Phases 3 & 4, as revised through June 2011 (approved by NCDWM - July 2011). 
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local government approval process2, the County has set a maximum disposal rate of 
150,000 tons per year for the landfill (average of 12,500 tons/month or 500 tons/day 
based on 300 operating days per year).  Note that monthly variances based on County 
records indicate that the maximum anticipated monthly variance is about plus or minus 
20 percent from average.  For purposes of facility life expectancy calculations, a disposal 
rate of 115,000 tons is assumed. 

 
2.2.4  Service Area 

 
The landfill facility currently serves Davidson County.  Per the local government 
approval process2, the landfill may also serve adjacent Counties (Guilford, Forsyth, 
Davie, Rowan, Stanly, Montgomery, and Randolph) at the discretion of the Board of 
Commissioners. 

 
2.2.5  Procedures for Waste Segregation 

 
Wastes are segregated at each scale house.  Operators at each scale house are trained to 
classify and segregate the waste stream.  MSW and C&D wastes will directed to the 
active MSW or C&D landfill unit.  Tires, white goods, and scrap metal will be directed to 
the appropriate processing/handling area where they will be temporarily stockpiled for 
collection by recycling contractors.  Small loads and recyclables and household 
hazardous waste will be directed toward the citizen’s convenience center or the HHW 
collection facility. 

 
Employees at the landfill are trained in the safety procedures for the handling and 
detection of illegal waste.  The screening of unacceptable waste will be done through the 
random checking of incoming loads by a County employee at each scale house and at 
each tipping area.  When unacceptable waste is detected at the scale house, the load will 
be rejected and not permitted into the facility.  If hazardous waste is found at the tipping 
area, identification of the truck or persons will be made (if possible) and documented, 
then the hazardous waste will be identified and placed in a hazardous waste container and 
taken to a designated hazardous waste staging area for proper disposal.  If this occurs, the 
event will be reported to the appropriate authorities. 
 
Refer also to the facility Operations Manual (Attachment D) for more information. 

 
2.2.6  Equipment Requirements 

 
The County will maintain on-site equipment required to perform the necessary landfill 
activities.  Periodic maintenance of all landfilling equipment, and minor and major repair 
work will be performed at designated maintenance zones. 

 
 

                                                 
2 Davidson County Board of Commissioners (2004), “Resolution to Approve Phase 2 of the Davidson County 
(MSW) Landfill”, approved May 11, 2004. 
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2.3  LANDFILL CAPACITY 
 

2.3.1  Total Operating Capacity and Life Expectancy 
 

Drawing S2 (Site Development Plan - Base Grades) and Drawing S3 (Site Development 
Plan - Final Cover Grades) (Attachment H), show conceptual subgrade and final cover 
grades for the development of Phase 2.  The final cover side slopes will be at a 4H to 1V 
slope, then transition at flatter slopes (5 to 8%) to the peak elevations. 
 
The estimated gross and net operating capacities, life expectancies, and areas of existing 
and planned MSW landfill units are shown in Table 2.1.  Note that the approximate total 
capacities and waste footprint areas for closed MSW landfill units are also shown in 
Table 2.1.  The net capacity for waste and corresponding life expectancy of each landfill 
unit accounts for daily and intermediate cover and/or final cover.  As noted in Section 
2.2.3, life expectancies were calculated based on a disposal rate of 115,000 tons per year. 

 
2.3.2  In-Place Ratio of Waste to Soil and Compaction Factor 

 
The capacities obtained above were based on a 10 percent periodic cover ratio and a 
compaction factor of 1,400 pounds per cubic yard (pcy).  The assumed periodic cover 
ratio is indicative of the County’s current practices of using a tarp as an alternative to 
placing 6 inches of daily cover soil.  The assumed compaction factor of 1,400 pcy is 
based on a recent analysis of waste density in Phase 2 and is typical for the use of large 
compactors for compaction of the waste.  Based on historic data from the Phase 1 MSW 
landfill unit, waste density values are anticipated to increase with waste thickness. 

 
Note that changes in landfill operations (i.e. changes in the use of alternative daily cover 
and/or compaction equipment/methods) may affect the values assumed above and, thus, 
alter the life of the various landfill units. 

 
2.4  AVAILABLE SOIL RESOURCES AND REQUIRED SOIL QUANTITIES 
 

2.4.1 Earthwork Quantities 
 

The soils required to construct and operate the existing and planned MSW landfill units 
will be removed from on-site borrow sources.  The soils removed during excavation of 
landfill units may be used for structural fill, soil liner, periodic cover, final cover, and 
general fill.  These excavation (cut) and structural fill (fill) volumes are shown in Table 
2.2. 

 
2.4.2 Soil Liner 

 
The soil required for the soil liner will be on-site soils (An adequate supply of 1 x 10-5 
cm/sec or less soil is anticipated within the Phase 2 footprint).  The in-place volume 
required for each landfill unit is shown in Table 2.3. 
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2.4.3 Leachate Collection System (LCS) and Protective Cover 
 

Overlying the liner system is the leachate collection system and protective cover.  This 
layer is 24 inches thick on both the landfill base and side slopes.  The required in-place 
volume of protective cover for each landfill unit is shown in Table 2.4.  A portion of this 
volume will consist of aggregate, which will come from off-site sources. 

 
2.4.4 Daily and Intermediate Cover 

 
Assuming the previously mentioned periodic cover ratios, the required in-place volume 
for use as daily and intermediate cover during operations of each landfill unit is shown in 
Table 2.5. 

 
2.4.5 Vegetative Soil Layer 

 
On the basis of the 2 foot thick vegetative soil layer required for the landfill final cover, 
the in-place volume required for all of Phase 2 (Areas 1-8) is 283,301 CY 

 
2.4.6 Soil Summary 

 
The above on-site and off-site soil quantities are summarized in Table 2.6.  Note that, 
based on the proposed base grades, long-term there is a soil surplus of on-site soil.  
However, due to compaction factors, waste, other potential uses, etc., this surplus should 
be minor. 

 
2.5  FACILITY DESIGN CRITERIA 
 
Existing and proposed MSW landfill units were/will be constructed in accordance with Section 
.1624 of the North Carolina Administrative Code, Title 15A, Chapter 13, Subchapter 13B 
including the following requirements.  
 

2.5.1  Horizontal Separation Requirements 
 

The horizontal separation requirement between the disposal boundary (edge of waste) 
and the property lines is a minimum of 300 feet; the minimum buffer between private 
residences and wells and the disposal boundary is 500 feet; and the minimum buffer 
between any surface water (stream, river, creek) and the disposal boundary is 50 feet.  
The proposed design satisfies all buffer requirements. 
 
2.5.2  Vertical Separation Requirements 

 
The post-settlement bottom elevation of the liner system will meet the minimum 
requirement of four feet above the seasonal high groundwater table and bedrock. 
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2.6  CONTAINMENT AND ENVIRONMENTAL CONTROL SYSTEMS 
 
The following systems and elements are the basic containment and environmental controls for 
the Phase 2 - Area 2 MSW landfill unit.  Technical specifications and construction quality 
assurance requirements can be found in Attachments B and C, respectively.  Also refer to the 
Permit to Construct Drawings (Attachment H) for details. 
 

2.6.1  Landfill Subgrade and Perimeter Berms 
 

The landfill subgrade elevations are designed for minimum post-settlement slopes of 2 
percent (NCAC .1624(b)(7)).  The subgrade elevations will be achieved by excavation or 
placement of compacted structural fill (embankment).  During excavation, a 
determination of unsuitable soils (i.e. soils which are too soft, wet, or organic) will be 
made.  Where unsuitable soils are found, the soils will be undercut and backfilled with 
structural fill. 
 
In addition to providing the liner foundation in fill areas, structural fill will be used for 
berm and roadway construction.  Structural fill will consist of on-site soils removed 
during excavation of the landfill units or imported borrow soils, except that no CH, OL, 
or OH soils will be allowed. 

 
2.6.2  Liner and Leachate Collection Systems 

 
The lined area for Phase 2 is approximately 88 acres and is shown on Drawing S1 (Site 
Development Plan – Base Grades).  The liner will consist of either a standard composite 
liner system or an alternative liner system as allowed under North Carolina regulations.  
The components of the liner and leachate collection systems will consist of the following 
components (top-down): 

 
Standard Liner System: 

 
 a leachate collection system (LCS) consisting of: 

 
Base and Side Slopes: 
< a 24-inch thick layer of leachate collection media (No. 78 stone); 
< a series of perforated collection pipes placed within coarse 

aggregate columns; and 
< a Type GT-C geotextile. 

 
Alternatively, on the landfill base, the upper 12-inches of collection media 
may be replaced by a Type GT-S geotextile and a 12-inch thick layer of 
protective cover soil.  On the landfill side slopes, all LCS components 
listed above may be replaced by a drainage geocomposite and a 24-inch 
thick layer of protective cover soil. 

 
 a 60-mil thick HDPE geomembrane liner; and 
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 a 24-inch thick soil liner with a permeability of no more than 1 x 10-7 cm/sec  

(“compacted clay liner”). 
 

OR 
 

Alternative Liner System: 
 

 a LCS (components as listed above for the standard liner system); 
 a 60-mil HDPE geomembrane liner; 
 a geosynthetic clay liner (GCL); and 
 an 18-inch thick soil liner with a permeability of no more than 1 x 10-5 cm/sec 

(“compacted soil liner”). 
 

The detailed discussion of the design of the liner and leachate collection systems can be 
found in Section 3.0 (Liner System Design) and Section 4.0 (Leachate Management 
System Design), respectively. 

 
Note that, for the purposes of this report and the calculations of volumes, the above listed 
alternative liner has been assumed.  It is possible that a different alternative liner system 
will be proposed at a future date for future areas. 

 
2.6.3  Stormwater/Leachate Separation System 

 
In order to increase facility operating efficiency by reducing the leachate treatment 
quantities, stormwater/leachate separation is planned for each landfill unit.  Leachate is 
considered to be any precipitation or fluid that comes in direct contact with the waste.  
This liquid will be collected by the LCS and pumped to the leachate storage tanks.  
Precipitation that falls in areas where it does not contact waste, such as within inactive 
areas, does not have to be treated as leachate.  This fraction of the precipitation is treated 
as stormwater - that is, treated for removal of sediment only. 

 
For landfill units that have waste placed in them, precipitation infiltrates or runs-off into 
the LCS.  For areas that have no waste, run-off is captured in one or more low points 
where a pump conducts the water to a perimeter drainage structure.  This run-off does not 
contact waste or leachate.  At their discretion, the County may also employ the use of 
geosynthetic rain cover (GRC) to further segregate leachate and stormwater.  The GRC, 
if used, is removed and discarded as each portion of an area is placed into active 
operation.  For additional discussion of the leachate-stormwater separation system, see 
the Operations Manual (Attachment D). 

 
2.6.4  Final Cover System 

 
The final cover system for Phase 2 will consist of the following components (top-down): 
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 a 24-inch thick vegetative soil layer (including 6 inches of topsoil); 
 a drainage geocomposite (with drainage breaks); 
 a 30-mil textured LLDPE geomembrane; and 
 a 12-inch thick intermediate cover layer. 

 
Note that this system differs from the regulatory minimum final cover (RMC) (see 
Section 2.9.2).  A detailed discussion of the design of the final cover system can be found 
in Section 5.0 (Final Cover System Design). 
 
Drawing FC1 (Areas 1 & 2 – Final Cover Grading and Drainage Plan) (Attachment H) 
shows the layout of a partial closure (5.3 acres) of Areas 1 and 2.  Note that the County 
may elect to develop more final slopes prior to performing any closure activities. 

 
2.6.5  Erosion and Sedimentation Control 

 
Erosion and sedimentation control devices/measures will be designed and maintained to 
manage the run-off generated by the 25-year 24-hour storm event and conform to the 
requirements of the North Carolina Sedimentation Pollution Control Law (15A, NCAC, 
4). 

 
A detailed discussion of site erosion and sedimentation control can be found in the 
Erosion and Sedimentation Control Plan (Attachment F). 

 
2.6.6  Landfill Gas Control 

 
The landfill gas (LFG) control system for Phase 2 will consist of collection wells placed 
within the waste to capture the gas and either passively vent or flare the gas via utility 
flares or, as required, actively collect and flare the gas via header piping and a 
blower/flare system.  The collection wells should be placed before any geosynthetics are 
placed.  The selected system will be designed to limit the gas pressures on the final cover 
geosynthetics.  Also refer to the facility Operations Manual (Attachment D) for a 
discussion of LFG monitoring and record keeping requirements. 
 
Davidson Gas Producers is currently under contract with the County to own and operate a 
LFG to energy (electrical generation) project at the site.  As part of this project, active 
LFG collection from the closed Phase 1 (lined) and Holly Grove (unlined) landfill units is 
being conducted and the gas is utilized by a reciprocating engine generator set (genset).  
When the genset is not in operation, the gas is flared.  Davidson Gas Producers intends to 
construct a pipeline to Phase 2 in the near future to begin active collection from Phase 2.   

 
Note that the volume of waste projected in the Phase 2 - Area 2 unit will cause the total 
volume of MSW waste at the facility to exceed the 2.75 million ton threshold of the 
EPA’s New Source Performance Standards (NSPS) and will, therefore, bring this facility 
under these guidelines (Note that the design capacity of existing units plus Phase 2 - Area 
1 is approximately 2.6 M tons).  Depending on the quantity of landfill gas emissions, a 
Title V air quality permit application may be required.  The final LFG control system 
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design will be prepared either voluntarily or in accordance with the requirements of the 
Title V permit, should one be required. 
 
2.6.7  Access and Roadways 

 
The Phase 2 MSWLF unit is accessed from Old U.S. Highway 29.  A scale and a scale 
house are located near this entrance.  Drawing S2 (Site Development Plan - Base 
Grades) shows this infrastructure. 

 
All-weather access to active areas as well as areas under intermediate cover will be 
provided.  Access ramps into the landfill units will be provided where necessary. 

 
2.7  SLOPE STABILITY, SETTLEMENT, AND BEARING CAPACITY 
 
An evaluation of the slope stability of the overall waste mass and perimeter berms, the 
LCS/protective cover veneer, and the final cover veneer, as well as evaluations of foundation 
settlement and bearing capacity are addressed in Attachment G.  These analyses indicate that 
the proposed Phase 2 - Area 2 landfill configuration will satisfy applicable regulatory criteria. 
 
2.8  LEACHATE MANAGEMENT 
 
The general leachate management system includes the collection, storage, treatment (if required), 
and disposal of the leachate generated.  The collection and transmission of leachate to the on-site 
storage tank is as described in Section 4.0 (Leachate Management System Design).  From the 
storage tank, the leachate is pumped into tanker trucks and hauled on a regular basis to a local 
wastewater treatment plant (WWTP) for disposal.  Pretreatment, if required, will be employed 
on-site to meet the standards for disposal into the WWTP.  Alternatively, the County may install 
a force main if deemed feasible. 
 
A detailed discussion of the leachate management system, including anticipated leachate 
volumes, can be found in Section 4.0 (Leachate Management System Design). 
 
2.9  SPECIAL ENGINEERING FEATURES 
 
Special engineering features proposed for Phase 2 include an alternative liner system and an 
alternative final cover system. 
 

2.9.1  Alternative Liner System 
 

An alternative liner system as described in Section 2.6.2 is proposed for use in Phase 2 
due to the lack of 1 x 10-7 cm/sec soil on-site. 

 
2.9.2  Alternative Final Cover System 

 
An alternative final cover system as described in Section 2.6.4 is proposed to eliminate 
the soil barrier component.  A demonstration of the infiltration through the proposed 
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alternative final cover system versus the infiltration through the regulatory minimum 
cover is presented in Section 5.3.1. 
 

TABLE 2.1 
TOTAL OPERATING CAPACITY AND LIFE EXPECTANCY 

MSW LANDFILL UNITS 
 
 

Landfill Unit 
 

Area 
(Acres) 

 
Gross Capacity 

(CY) 
Net (Waste) Capacity 

(CY/Tons) 

 
Life Expectancy 

(Years) 
 

Unlined Landfill Units 
 
Holly Grove LF 
Areas I & II 

 
32.1 

 
1,497,972 1,115,517 CY 

669,310 Tons 

 
Closed 

 
Total (Unlined): 

 

 
32.1 

 
1,497,972 1,115,517 CY 

669,310 Tons 

 
Closed 

 
Lined (Subtitle D) Landfill Units 

 
Phase 1 
(Areas 1-3) 

 
31.9 

 
2,291,403 2,062,263 CY 

1,415,217 Tons 

 
Closed 

 
Phase 2 - Area 1 

 
14.7 

 
866,081 778,542 CY 

522,687 Tons 

 
1.72 

 
Phase 2 - Area 2 

(See Note 3) 

 
11.9 

 
897,827 808,045 CY 

565,631 Tons 

 
4.9 

 
Phase 2 - Area 3 

 
14.6 

 
1,226,455 1,103,809 CY 

772,666 Tons 

 
6.7 

 
Phase 2 - Area 4 

 
10.9 

 
905,038 814,535 CY 

570,174 Tons 

 
5.0 

 
Phase 2 - Area 5 

 
7.0 

 
1,374,502 1,237,052 CY 

865,936 Tons 

 
7.5 

 
Phase 2 - Area 6 

 
9.1 

 
564,683 508,215 CY 

355,751 Tons 

 
3.1 

 
Phase 2 - Area 7 

 
13.3 

 
1,106,473 995,826 CY 

697,078 Tons 

 
6.1 

 
Phase 2 - Area 8 

 
6.3 

 
1,284,861 901,404 CY 

630,983 Tons 

 
5.5 

 
Total (Lined): 

 

 
119.7 

 
10,517,323 9,209,691 CY 

6,396,123 Tons 

 
40.5 

 
Notes: 
1. The gross capacity figures shown for Phase 2 – Areas 1 through 7 are from top of protective cover to 

top of intermediate cover.  For other landfill units the gross capacity figures are from top of subgrade 
(unlined units) or top of protective cover (lined units) to top of final cover.  Also note that the gross 
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capacity figure for Phase 2 – Area 8 includes the vegetative soil layer volume for all of Phase 2. 
2. Life expectancy for the active Area 1 unit shown above is from 2/20/12. 
3. The capacity and life expectancy of Area 2 - Cells 1 and 2 are as follows: 

 
 Area 2 - Cell 1 Area 2 - Cell 2 
Area (Acres) 5.9 5.9 
Gross Capacity (CY) 330,895 566,932 
Net Capacity (CY/Tons) 297,806/208,464 510,239/357,167 
Life Expectancy (Years) 1.8 3.1 

 
 

TABLE 2.2 
GENERAL EARTHWORK QUANTITIES 

 
 

Landfill Unit Cut (CY) Fill (CY) 
 

Phase 2 - Area 2 192,632 7,287 
 

Phase 2 - Area 3 290,466 3,516 
 

Phase 2 - Area 4 191,807 14,972 
 

Phase 2 - Area 5 128,955 1,120 
 

Phase 2 - Area 6 254,083 32,093 
 

Phase 2 - Area 7 209,324 44,697 
 

Phase 2 – Area 8 149,126 18,675 

 
 

TABLE 2.3 
SOIL LINER QUANTITIES 

 
 

Landfill Unit Required Volume (CY) 
 

Phase 2 - Area 2 28,798 
 

Phase 2 - Area 3 35,332 
 

Phase 2 - Area 4 26,378 
 

Phase 2 - Area 5 16,940 
 

Phase 2 - Area 6 22,022 
 

Phase 2 - Area 7 32,186 
 

Phase 2 - Area 8 15,246 

 
Notes: 
1.  The quantity shown above is for a thickness of 18 inches. 
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TABLE 2.4 
LEACHATE COLLECTION SYSTEM/PROTECTIVE COVER QUANTITIES 

 
 

Landfill Unit Required Volume (CY) 
 

Phase 2 - Area 2 38,397 
 

Phase 2 - Area 3 47,109 
 

Phase 2 - Area 4 35,171 
 

Phase 2 - Area 5 22,587 
 

Phase 2 - Area 6 29,363 
 

Phase 2 - Area 7 42,915 
 

Phase 2 - Area 8 20,328 

 
Notes: 
1.  The quantity shown above is for a thickness of 24 inches. 

 
 
 

TABLE 2.5 
DAILY AND INTERMEDIATE COVER QUANTITIES 

 
 

Landfill Unit Required Volume (CY) 
 

Phase 2 - Area 1 30,8181 
 

Phase 2 - Area 2 89,783 
 

Phase 2 - Area 3 122,645 
 

Phase 2 - Area 4 90,504 
 

Phase 2 - Area 5 137,450 
 

Phase 2 - Area 6 56,468 
 

Phase 2 - Area 7 110,647 
 

Phase 2 - Area 8 100,156 

 
Notes: 
1.  Volume shown above for Phase 1 is from 2/20/12. 
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TABLE 2.6 
SOIL SUMMARY 

 
 

Material Quantity (CY) 

 
On-Site1: 
 
Excavation 1,416,373 
 
Structural Fill (122,360) 
 
Soil Liner (176,902) 
 
Daily/Intermediate Cover (738,471) 
 
Vegetative Soil Layer (283,301) 
 

On-Site Total2: 95,339 
 
Off-Site: 
 
LCS/Protective Cover (See Table 2.4 - Note 3) (235,869) 

 

 
Notes: 
1. On-site material refers to materials available and used within the MSW footprint (and related 

development areas) only. 
2. Soil surplus shown will likely be less due to compaction factors, waste, other possible uses, 

etc. 
3. A portion of the LCS/Protective Cover may be on-site soil depending on the selected options. 
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SECTION 3.0 
LINER SYSTEM DESIGN 

 
3.1 OVERVIEW 
 
This section addresses the design of the Phase 2 - Area 2 liner system.  Technical specifications 
and construction quality assurance requirements for liner system components can be found in 
Attachments B and C, respectively.  Also refer to the Permit to Construct Drawings 
(Attachment H) for liner system details. 
 
3.2  LINER SYSTEM COMPONENTS 
 
As described in Section 2.6.2, the liner will consist of either a standard composite liner system 
or an alternative liner system as allowed under North Carolina regulations.  The components of 
the liner system will consist of the following components (top-down): 
 

Standard Liner System: 
 

 a leachate collection system (LCS) (see Section 2.6.2); 
 a 60-mil thick HDPE geomembrane liner; and 
 a 24-inch thick soil liner with a hydraulic conductivity of no more than 1 x 10-7 

cm/sec (“compacted clay liner”). 
 

OR 
 

Alternative Liner System: 
 

 a LCS (see Section 2.6.2); 
 a 60-mil HDPE geomembrane liner; 
 a geosynthetic clay liner (GCL); and 
 an 18-inch thick soil liner with a hydraulic conductivity of no more than 1 x 10-5 

cm/sec (“compacted soil liner”). 
 
The liner system will be placed on structurally sound, compacted, or adequately prepared native 
soil subgrades at a maximum slope of 3H:1V. 
 

3.2.1  Geomembrane 
 

The geomembrane component of the liner system will function as the primary barrier 
layer.  The geomembrane will be a textured 60-mil thick High Density Polyethylene 
(HDPE) synthetic liner.  The geomembrane will be installed by a qualified contractor. 

 
3.2.2  Geosynthetic Clay Liner (GCL) 
 
The GCL will function as a secondary barrier layer in the alternative liner system.  The 



  
Davidson County MSW Landfill - Phase 2 - Area 2 Facility and Engineering Plan 
May 2012 LINER SYSTEM DESIGN  Page 3.0-2 

selected material for the GCL will consist of a layer of sodium bentonite bonded between 
two geotextiles.  The selected GCL will provide a maximum hydraulic conductivity of 5 
x 10-9 cm/sec when hydrated and will be reinforced to prevent potential shearing in the 
bentonite layer.  A GCL also offers the addition of self healing capabilities, there is no 
required seaming (other than overlapping), and the bentonite has a high cation exchange 
rate. 

 
3.2.3  Soil Liner 

 
The soil liner will function as a secondary barrier layer.  The soil liner will consist of 
compacted on-site or imported borrow soils.  The soil liner will be compacted in 6 inch 
lifts to achieve the required hydraulic conductivity and strength requirements. 

 
3.3  LINER SYSTEM DESIGN 
 

3.3.1  Slope Stability 
 

An evaluation of the slope stability of the landfill is provided in Attachment G.  
Although the project site lies outside a seismic impact zone, both static and seismic slope 
stability analyses were performed.  The evaluation indicates that the liner system will be 
able to satisfy design criteria (FSstatic = 1.5; FSseismic = 1.0) under both short-term 
(protective cover veneer stability) and long-term (waste mass) conditions if the minimum 
peak interface shear strength for the weakest interface is defined by the following values: 

 
Normal Loads </= 1,000 psf (Based on Veneer Stability)*: 
 

Cohesion = 0 psf 
Phi = 26.6 degrees 

 
* Also applies to internal shear strength of the leachate collection media and 
protective cover.  Note that the analysis was performed assuming no seepage 
force (i.e., no flowing water) in the leachate collection media and protective 
cover.  Because of the use of a granular or geosynthetic drainage media the 
material strength is expected to be greater than required and the chance of 
seepage induced instability is minimal. 

 
Normal Loads > 1,000 psf (Based on Global Stability):  
 

Cohesion = 0 psf 
Phi = 20 degrees 

 
Based on the slope stability analyses performed, a textured geomembrane and reinforced 
GCL (if used) are required on both the base and side slopes of the landfill.  Interface 
shear strength testing of the materials representative of those to be used in construction 
should be conducted prior to installation to verify that the above minimum criteria is met. 
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3.3.2  Settlement 
 

An evaluation of the settlement of the landfill foundation is provided in Attachment G.  
Based on a worst case cross section, the evaluation indicates that the maximum total 
foundation settlement will be less than 6-inches under maximum loads.  Strains resulting 
from differential settlements are expected to be negligible meaning that no adverse 
impacts on the function of the liner or leachate collection systems are anticipated. 

 
3.2.3  Bearing Capacity 

 
An evaluation of the bearing capacity of the landfill is provided in Attachment G.  Both 
the bearing capacity of the landfill subgrade and the bearing capacity of the leachate 
collection system under anticipated construction and operations equipment loads were 
evaluated.  Based on the anticipated conditions, the landfill subgrade and the leachate 
collection system have adequate bearing capacity.  The evaluation of the equipment loads 
also determined the required vertical separation between equipment and the underlying 
geomembrane (see Sections 3.4.1 and 3.4.2). 

 
3.3.4 Anchor Trench Design 

 
An anchor trench size of 1.5 feet wide by 1.5 feet deep with a 3 foot setback from the 
crest of the slope was evaluated to allow pullout of the geomembrane before the yield 
stress in the geomembrane is achieved (see Appendix A).  In this configuration, the 
anchor trench provides sufficient resistance to prevent pullout during anticipated loading 
conditions.  Large scale yielding or tearing of the geomembrane is, however, prevented 
under extreme loading conditions since the geomembrane is designed to pull out of the 
anchor trench rather than yield.  It should be noted that the anchor trench calculations are 
very conservative, since the use of geosynthetics with the above listed minimum interface 
shear strength values (see Section 3.3.1) provide for an inherently stable system (see also 
Section 3.4.1). 

 
3.3.5 Protection of Geomembrane 
 
Appendix A contains a cushion geotextile analysis which shows the minimum weight of 
nonwoven geotextile required to perform adequately as a cushion under long-term loads. 
 Based on the analysis, the Type GT-C (cushion) geotextile should be a minimum 10.5 
oz./SY nonwoven geotextile in order to protect the geomembrane from the gravel 
columns surrounding the leachate pipes.  Conservatively, a 12 oz./SY nonwoven 
geotextile is specified to satisfy this requirement. 
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3.4  ANTICIPATED STRESSES 
 

3.4.1  Installation Stresses 
 

The most critical time for potential damage to the liner system occurs following 
installation of the geomembrane liner when the overlying components are placed.  
Installation stresses imposed on the geomembrane due to deployment are negligible 
under normal procedures.  Due to the selection of textured HDPE geomembrane on 
facility side slopes, interface friction angles for geosynthetics are expected to be greater 
than the maximum 3H:1V side slope angle (see Section 3.3.1).  Thus, negligible stresses 
will be placed on geosynthetics and the system will be inherently stable. 

 
Installation of the drainage geocomposite, Type GT-C geotextile, and/or 
aggregate/protective cover over the geomembrane (and other geosynthetics) will need to 
be performed with extreme care so as to minimize the potential for damage to these 
geosynthetics.  The aggregate/protective cover will be placed on landfill side slopes by 
pushing from the bottom up using low ground pressure (LGP) (< 6 psi) dozers.  This 
operation will be carefully observed such that the development of wrinkles and tension in 
the underlying geosynthetics is minimized.  With the exception of properly operated 
ATVs used in deployment of the geosynthetics, no construction equipment should be 
allowed to drive down the landfill side slopes.  Based on the bearing capacity analysis, it 
is recommended that non-LGP dozers (up to 12 psi contact stress), if used on the landfill 
base slopes, operate on at least 1 foot of aggregate/protective cover; also, it is 
recommended that trucks used to haul material into the landfill have at least 3 feet of 
separation between the truck tires and the geomembrane. 

 
3.4.2  Operational Stresses 
 
Operational stresses are greatest during placement of the initial lift of waste.  The facility 
Operations Manual (Attachment D) discusses the placement of an initial 4 to 5 foot 
(min.) lift of select waste (free of larger items) to minimize the potential for damage to 
the liner system.  Based on the bearing capacity analysis, it is recommended that waste 
compactors have at least 3 feet of vertical separation to the liner system (when 
compacting the initial lift). 

 
3.4.3  Long-Term Stresses 

 
Settlement analyses included in Attachment G demonstrate that the anticipated tensile 
stresses in the liner system due to settlement of underlying subgrade will be negligible. 
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SECTION 4.0 
LEACHATE MANAGEMENT SYSTEM DESIGN 

 
4.1 OVERVIEW 
 
This section addresses the design of the Phase 2 - Area 2 leachate management system.  The 
leachate management system for the proposed landfill consists of the leachate collection system 
(LCS) and the leachate transmission and storage system.  The LCS will consist of natural and/or 
geosynthetic drainage media on the base and side slopes of the landfill as well as a collection 
pipe network and sumps.  The leachate transmission and storage system consists of pumps, 
piping, valves, and leachate storage tanks.  Technical specifications and construction quality 
assurance requirements for leachate management system components can be found in 
Attachments B and C, respectively.  Also refer to the Permit to Construct Drawings 
(Attachment H) for leachate management system details. 
 
4.2 LEACHATE COLLECTION SYSTEM (LCS) COMPONENTS 
 
The LCS will be constructed directly above the geomembrane on both the base and side slopes 
of the landfill.  The LCS functions to collect leachate as quickly as is practical and to conduct the 
fluid out of the landfill via the sumps.  The LCS also provides protection of the liner system.  
The goal of the LCS is to minimize the hydraulic head acting on the liner, thereby reducing the 
leak potential.  As described in Section 2.6.2, the components of the leachate collection system 
(LCS) will consist of the following components (top-down): 
 

Base and Side Slopes: 
 

 a 24-inch thick layer of leachate collection media (No. 78 stone); 
 a series of perforated collection pipes placed within coarse aggregate columns; and 
 a Type GT-C geotextile. 

 
Alternatively, on the landfill base and/or side slopes, the upper 12-inches of collection media 
may be replaced by a Type GT-S geotextile and an overlying 12-inch thick layer of protective 
cover soil.  On the landfill side slopes, all LCS components listed above may be replaced by a 
drainage geocomposite and an overlying 24-inch thick layer of protective cover soil. 
 
Additionally, as noted in Section 2.6.3, the County may elect to install geosynthetic rain cover 
over the LCS to aid stormwater/leachate separation. 
 

4.2.1  Drainage Aggregate 
 

Drainage aggregate used in the LCS will consist of coarse aggregate and/or leachate 
collection media.  Coarse aggregate (No. 57 or similar aggregate meeting required 
permeability and angularity criteria) will provide primary leachate removal capacity and 
will be placed around collection piping and within sumps.  Leachate collection media 
(No. 78 or similar aggregate meeting required permeability angularity criteria) also will 
provide significant leachate removal capacity and will be placed as a blanket drain.  The 
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minimum required permeability of the leachate collection media was determined in the 
LCS drainage layer analysis (see Section 4.4.1 and Appendix A). 

 
4.2.2  Drainage Geocomposite 

 
The drainage geocomposite will function as a blanket drain to conduct leachate to 
collection piping and the sump(s).  The drainage geocomposite will consist of a 
polyethylene drainage net (geonet) bonded on both sides with a nonwoven, needle-
punched geotextile.  The minimum required transmissivity of the drainage geocomposite 
was determined in the leachate collection drainage layer analysis (see Section 4.4.1 and 
Appendix A).  The minimum required properties of the drainage geocomposite to 
perform as a cushion were determined in the cushion geotextile analysis (see Section 
3.3.5 and Appendix A). 

 
4.2.3  Separator (Type GT-S) Geotextile 

 
A nonwoven separator (Type GT-S) geotextile will be used as a component of the 
drainage geocomposite and as a filter/separator between leachate collection media and 
soil protective cover (where used).  The Type GT-S geotextile will also be installed over 
gravel columns to keep the aggregate from fouling prior to waste placement.  Due to 
long-term bio-clogging concerns, the geotextile should be cut and laid back or removed 
from gravel columns just ahead of waste placement so that the waste can be placed in 
direct contact with the aggregate.  The minimum required properties of the Type GT-S 
geotextile to perform as a filter were determined in the filter geotextile analysis (see 
Section 4.4.4 and Appendix A). 
 
4.2.4  Cushion (Type GT-C) Geotextile  

 
A nonwoven cushion (Type GT-C) geotextile will be used as a cushion between drainage 
aggregate and the geomembrane to minimize the risk of damage to the geomembrane.  
The minimum required properties of the Type GT-C geotextile to perform as a cushion 
were determined in the cushion geotextile analysis (see Section 3.3.5 and Appendix A). 
 
4.2.5  Collection Piping  

 
The leachate collection piping will be high density polyethylene (HDPE) (DR 17) pipe.  
The required pipe dimension ratio (DR) (ratio of outside pipe diameter to wall thickness) 
was selected based upon the maximum static and dynamic loading conditions to be 
placed on the pipe (see Section 4.4.3 and Appendix A). 

 
Collection pipes have coarse aggregate placed over and around them and are referred to 
as "gravel columns" (see Drawing S7 (Leachate Management System Plan)).  These 
gravel columns will provide a significant amount of storage, provide primary leachate 
removal capacity, and will be resistant to biological clogging.  Since the gravel column 
aggregate extends through the protective cover and will be in direct contact with the 
waste (the Type GT-S geotextile placed initially will be removed prior to waste 
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placement), the long-term clogging potential will be significantly reduced.  Cleanout 
ports are designed, where possible, at the end of leachate collection piping along the 
perimeter berm to allow periodic hydro-washing of the piping when necessary.  The 
collection piping of the LCS will conduct the leachate to the sump for the removal from 
the landfill by side riser pumps. 

 
4.2.6  Leachate Sump 

 
The leachate sump will function as the collection point for leachate within the Area 2 
landfill unit.  The typical sump and side riser layout is shown on Drawing LM2 
(Leachate Management System Details - Sheet 2 of 3).  As designed, the sump will be 
filled with coarse aggregate and will have a storage capacity of approximately 1,100 
gallons (accounting for 30% porosity in the stone) for operation of the side riser pumps 
(see Section 4.3.1 and Appendix A). 

 
4.2.7  Geosynthetic Rain Cover (GRC) 

 
The GRC will consist of a thin geomembrane.  The GRC will be used at the option of the 
County to prevent stormwater infiltration through the protective cover and the gravel 
columns of the LCS in inactive cells.  Where used, the GRC will be removed by 
operations personnel prior to activation of an individual disposal area or portion thereof. 

 
4.3 LEACHATE TRANSMISSION AND STORAGE SYSTEM COMPONENTS 
 
Leachate from the Area 2 LCS will be collected in the leachate sump as shown on Drawing S7 
(Leachate Management System Plan).  The leachate collected in the sump will be pumped to the 
existing leachate storage tank via a force main. 
 

4.3.1  Pumps 
 
Two side riser pumps will be used in each leachate sump.  The pumps selected for this 
application will be Leachator MSTG type, or equal that are rated at a minimum flow of 
50 to 75 gpm.  The pumps and control system will include alarms for power outage, high 
level, and no-flow conditions.  A flow meter will be included to monitor leachate 
production.  During normal operations, the pumps will alternate to reduce wear on one 
particular pump.  Under high flow conditions, both pumps will operate in tandem to keep 
the head on the liner system to a minimum.  The requirements of each pump were 
determined in the pump calculations (see Section 4.4.5 and Appendix A). 

 
4.3.2  Transmission Piping 

 
The leachate transmission piping will be HDPE pipe.  The required pipe DR was selected 
as described above for collection piping (see Section 4.2.3) based upon the maximum 
static and dynamic loading conditions to be placed on the pipe (see Section 4.4.3 and 
Appendix A). 
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4.3.3  Storage Tank 
 

The existing leachate storage tank (Tank A) is a (42’ diameter x 34’ high) glass-fused-to-
steel (or equal) for protection against corrosion and the tank is situated inside a secondary 
containment area consisting of another larger diameter tank (123’ diameter by 5.5’ high). 
 From the tank, the leachate is pumped and hauled and/or direct pumped (if a future force 
main is installed) to a local wastewater treatment plant (WWTP).  The existing tank has a 
total capacity of approximately 340,000 gallons.  If future leachate flow projections 
dictate, up to two additional tanks, each with a capacity of approximately 340,000 gallons 
will be installed. The existing secondary containment tank has a capacity of 490,000 
gallons (capacity of approximately 376,000 gallons or 111% of the total capacity of any 
one of the main storage tanks when accounting for 2 non-leaking tanks). 

 
4.4  LEACHATE MANAGEMENT SYSTEM DESIGN 
 

4.4.1  LCS Drainage Layer Analysis 
 
The spacing of the LCS collection pipes was evaluated to verify that the maximum 
hydraulic head on the geomembrane will be less than 1 foot (or within the thickness of 
the drainage geocomposite - where used) during normal operating conditions.  The 
analysis (see Appendix A) was conducted using McEnroe’s mounding equations and 
considered various impingement rates corresponding to active, intermediate, and final 
conditions (based on HELP Model projections - See Section 4.6).  The analyses for 
intermediate and final conditions conservatively includes reduction factors (intrusion, 
creep deformation, chemical clogging, and biological clogging plus an overall factor of 
safety) to represent these longer-term cases. 

 
Based on the analysis, a minimum permeability of 0.5 cm/sec was selected for the 
leachate collection media and a minimum transmissivity of 2.0 x 10-4 m3/m/sec was 
selected for the drainage geocomposite (where used).  Transmissivity tests for the 
drainage geocomposite should be conducted based on anticipated field conditions 
(maximum normal load, boundary conditions, and gradient). 

 
4.4.2  LCS Pipe Sizing 

 
The capacity of LCS piping was evaluated by comparing the maximum capacity of 
various pipe diameters with the peak daily leachate generation rate (0.42 inches/day = 
11,400 gallons/acre/day) (see Appendix A).  Based on this evaluation, a 6-inch diameter 
HDPE (DR 17) (I.D. = 5.8-inches) will handle all of Area 2 (11.9 Acres) with a factor of 
safety of 3.5. 

 
4.4.2.1  LCS Pipe Perforation Analysis 

 
The maximum LCS pipe perforation size was evaluated based on the size of the 
pipe bedding.  LCS pipe perforation calculations are presented in Appendix A.  
For No. 57 stone (or similarly graded) bedding, a maximum perforation size of 
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0.5 inches (diameter of circular holes or slot width) is acceptable. 
 

The number of perforations required will depend on the quantity of leachate being 
handled by the pipe.  However, for collection piping located along the center of 
each cell, 2 rows of 0.5-inch diameter circular holes or 0.125-inch wide by 1.0-
inch long slots aligned 60 degrees from the bottom of the pipe with holes 4 to 6 
inches apart will allow much greater inflow to the pipe than required to handle the 
peak leachate generation rates (Optionally, a third row of perforations can be 
added along the top of the pipe.).  Likewise, for the perforated portion of side 
riser piping in the landfill sumps, 5 or 6 rows of 0.5-inch diameter circular holes 
evenly spaced around the circumference of the pipe with holes 6 inches apart 
should provide more than adequate capacity.  With the larger number of holes in 
the side riser piping, the holes should be staggered or offset from one row of holes 
to the next. 

 
4.4.3  Leachate Pipe Mechanical Properties 
 
All leachate piping will be HDPE.  For HDPE pipe, the required pipe dimension ratios 
(DR) for collection, side riser, and transmission piping were selected based upon 
anticipated static and dynamic loading conditions both during and after construction.  
Both the static and dynamic criteria are discussed briefly below.  Pipe stress analyses for 
HDPE pipe are presented in Appendix A.  All collection and side riser piping will be 
bedded in No. 57 (or similar) stone to ensure a safe load distribution on the piping under 
long-term conditions. 

 
4.4.3.1  Static Load Requirement 

 
The vertical stress applied by the fully constructed landfill, including (for 
collection and side riser piping) maximum waste and final cover loads, was used 
to calculate the required DR.  Calculations were performed for crushing, 
buckling, and pipe deflection. 

 
For HDPE collection piping (also represents a conservative evaluation for side 
risers and transmission piping), the analysis for static loading was performed 
using a normal compressive stress greater than anticipated to account for potential 
future vertical expansion (approximately 73 psi assuming a maximum 
waste/cover thickness of +150 feet and a density of 70 pcf).  The analysis 
indicates that the selected DR of 17 will have factors of safety of 2.6 and 4.5 for 
crushing and buckling, respectively.  The analysis also indicates that pipe 
deflections for the proposed piping will be within acceptable limits. 

 
4.4.3.2  Equipment Loading (Dynamic Load Requirement) 

 
During construction of the landfill, it may be necessary for certain construction 
equipment to operate over the pipe.  Under this worst case condition, a dynamic 
impact factor of 1.5 was used to account for equipment loading.  Under no 
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circumstances should tracked vehicles be allowed to turn when operating over the 
pipe. 

 
For analysis, typical construction and operations equipment were selected for 
calculation of dynamic crushing loads. 

 
On the basis of the selected DR, the following equipment limitations will be 
employed: 
 

 Placement of the leachate collection media/protective cover and No. 57 
stone: 
o Low ground pressure (LGP) (< 6 psi) tracked equipment on 6H:1V 

and steeper slopes (12 inch minimum cover over geosynthetics and/or 
piping); 

o Tracked equipment with ground pressure of 12 psi or less on slopes 
flatter than 6H:1V (12 inch minimum cover over geosynthetics and/or 
piping); 

o Wheeled equipment (hauling vehicles) (3 foot minimum cover over 
geosynthetics and/or piping). 

 
 Placement of initial lift of waste: 

o Landfill compactors and hauling vehicles (3 foot minimum cover over 
geosynthetics and/or piping). 

 
4.4.4  Filter Geotextile Analysis 

 
A filter geotextile analysis was performed to determine the apparent opening size (AOS) 
and permittivity required for the proper performance of 1) the Type GT-S geotextile and 
2) the upper geotextile component of the drainage geocomposite.  The analysis (see 
Appendix A) assumes that the protective cover will be sands and silty sands (based on 
the typical grain size curves evaluated).  Based on the filter geotextile analysis, 
recommended AOS and permittivity of the upper geotextile component are as follows: 

 
AOS (upper geotextile) (ASTM D 4751):   70+ (U.S. Sieve) 
Permittivity (upper geotextile) (ASTM D 4491):  1.0 sec-1  

 
AOS and permittivity were determined based on typical values for a 6 oz./sy non-woven 
geotextile. 

 
The soils proposed for use as protective cover should be evaluated prior to construction 
to ensure compatibility with all the design assumptions stated herein. 

 
4.4.5  Leachate Pump Calculations 
 
Calculations (see Appendix A) were performed for each pump to determine the required 
pumping system parameters.  On the basis of these calculations, the selected leachate side 
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riser pumps will be capable of pumping at approximately 50 to 75 gpm under anticipated 
conditions. 

 
4.5  LEACHATE PRETREATMENT 
 
Pretreatment of the leachate may be required in order to discharge to the local WWTP.  
Experience with new lined landfills indicates that leachate pretreatment is generally not required 
during the initial years of landfill operations.  The majority of the leachate generated during this 
time comes from precipitation that has had little contact with waste. 
 
As the landfill becomes mature, the concentrations of constituents in the leachate will increase - 
although the leachate volume may decrease with time.  At this point, the County may add a 
pretreatment system if required by the WWTP. 
 
It should be noted that as Federal and State mandated waste screening and prohibition is 
continued (e.g. for lead acid batteries, household hazardous waste, etc.) the impact on leachate 
quality is expected to reduce the future potential need for pretreatment. 
 
4.6  LEACHATE GENERATION 
 
The leachate management system for Phase 2 has been designed to minimize head on the liner 
system and to maximize effective operations.  The leachate generation rate for the landfill is 
heavily dependent on the following: 
 

 Design storm event(s); 
 Amount of waste in the cell; and 
 Method of landfill operations. 

 
An evaluation of leachate generation rates was performed to estimate flow rates during active, 
interim, and closed conditions (see Appendix A).  The Hydrologic Evaluation of Landfill 
Performance (HELP) Model (version 3.07) was used to confirm the volume of leachate 
anticipated during these three discrete conditions.  It was found that the HELP Model values 
were approximately equal to or somewhat lower than empirical generation rates for these 
conditions which are based upon actual data.  Thus, the empirical rates were applied to the 
proposed operational conditions to yield leachate generation rates for various stages of landfill 
development. 
 
In order to determine typical leachate flow rates, empirical daily leachate generation values of 
1,200 gallons per acre per day (gpapd) for active, 500 gpapd for interim, and 100 gpapd for final 
were applied to the proposed operational scenarios.  Each operational scenario is basically a 
"snapshot" developed to depict the typical combination of areas which are being operated, under 
active, interim, and final cases. 
 
In order to simulate a “surge” volume, a precipitation event of 2.8 inches for a 1-year 24-hour 
storm was applied over a maximum open area of the landfill corresponding to each newly 
opened cell and added to the leachate being produced under active, interim, and final conditions. 
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 The 1-year recurrence interval was selected since it is a conservative representation of the 
timeframe that an area will be open and only partially filled across the bottom.  As shown in the 
calculations, the flow rate with the 1-year 24-hour storm event is estimated at approximately 
246,000 gallons.  This should be considered as a "worst case" scenario.  Once covered by waste, 
the potential for a “surge” event in the landfill is essentially eliminated due to the ability of the 
waste to absorb and slowly release precipitation.  The more typical flow rate for Phase 2 - Area 2 
operations is anticipated to be less than 22,000 gallons per day. 
 
The ability to prevent ponding in the landfill rests on the ability to hold leachate in the storage 
tanks.  As noted above, the capacity of the existing storage tank (Tank A) is approximately 
340,000 gallons, which is greater than the total volume of leachate that can be generated by the 
“surge” event.  This means that little to no ponding of leachate will occur in the landfill when the 
tank can handle the entire design storm. 
 
In order to minimize the ponding potential in the landfill, the County will remove leachate from 
the storage tank at a rate to maintain a typical volume of 80,000 gallons (approximate 8 foot 
depth), or less, of leachate in Tank A until all active areas are covered by waste. 
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SECTION 5.0 
FINAL COVER SYSTEM DESIGN 

 
5.1 OVERVIEW 
 
This section addresses the design of the final cover system for Phase 2 - Areas 1 and 2.  
Technical specifications and construction quality assurance requirements for final cover system 
components can be found in Attachments B and C, respectively.  A facility Closure and Post-
Closure Plan, including cost analyses, is provided as Attachment E.  Also refer to the Permit to 
Construct Drawings (Attachment H) for final cover system details.  
 
5.2  FINAL COVER SYSTEM COMPONENTS 
 
As described in Section 2.6.5, the final cover system for Phase 2 will consist of the following 
components (top-down): 
 

 a 24-inch thick vegetative soil layer (including 6 inches of topsoil); 
 a drainage geocomposite (with drainage breaks); 
 a 30-mil textured LLDPE geomembrane; and 
 a 12-inch thick intermediate cover layer. 

 
The final cover system will be placed on prepared intermediate cover at a maximum slope of 
4H:1V.  A landfill gas (LFG) control system and surface water control devices will also be 
incorporated into the final cover.  The final cover surface will be vegetated upon completion of 
the final cover installation according to the project seeding specifications. 
 
Note that this system differs from the regulatory minimum final cover (RMC) in that an 18 inch 
layer of 1 x 10-5 cm/sec soil below the geomembrane is removed and the drainage geocomposite 
is added above the geomembrane.  The addition of the drainage geocomposite reduces head on 
the geomembrane for both reduced infiltration through the geomembrane and increased stability 
of the overlying soil veneer.  The final cover infiltration analysis demonstrates that the proposed 
final cover system allows less infiltration than the RMC (see Section 5.3.1 and Appendix A). 
 

5.2.1  Vegetative Soil Layer 
 

The function of the vegetative soil layer will be to provide support for vegetation and 
protection of the underlying geosynthetics.  The vegetative soil layer consists of on-site 
or imported soil (including at least 6 inches of topsoil). 

 
5.2.2  Drainage Geocomposite 

 
The drainage geocomposite will function as a blanket drain to conduct infiltration 
through the vegetative soil layer to the surface water drainage features (i.e. rain gutters, 
down pipes, and/or perimeter channels) and, thus, reduce the head on the underlying 
geomembrane. 
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The drainage geocomposite will consist of a polyethylene drainage net (geonet) bonded 
on both sides with a nonwoven, needle-punched geotextile.  The minimum required 
transmissivity of the drainage geocomposite was determined in the final cover drainage 
layer analysis (see Section 5.3.3 and Appendix A). 

 
5.2.3  Geomembrane 

 
The geomembrane component of the final cover system will function as a barrier layer.  
The geomembrane will be a textured 30-mil thick Linear Low Density Polyethylene 
(LLDPE) synthetic liner.  The geomembrane will be installed by a qualified contractor. 

 
5.2.4  Intermediate Cover 

 
The intermediate cover will separate the waste from and provide a foundation for the 
overlying geosynthetics.  The intermediate cover will be placed by the landfill operator 
and will consist of on-site or imported soils.  Additional intermediate cover may also be 
used for leveling or fine grading or for bridging of localized soft areas, as required. 

 
5.2.5  Landfill Gas (LFG) Control System 

 
The landfill gas (LFG) control system will consist of collection wells placed within the 
waste to capture the gas and either passively vent or flare the gas via utility flares or, as 
required, actively collect and flare the gas via header piping and a blower/flare system.  
The collection wells should be placed before any geosynthetics are placed.  The selected 
system will be designed to limit the gas pressures on the final cover geosynthetics. 

 
5.2.6  Surface Water Control Devices 

 
Surface water run-off will be controlled in the final cover by a system of drainage breaks 
(rain gutters) that limit the distance the water flows and collects the water for conveyance 
(via down pipes and/or perimeter drainage structures) to one of the site sediment and/or 
detention basins.  The design of rain gutters and down pipes is discussed in Section 5.3.5. 

 
5.3  FINAL COVER SYSTEM DESIGN 
 

5.3.1 Final Cover Infiltration Analysis 
 

The Hydrologic Evaluation of Landfill Performance (HELP) Model (version 3.07) was 
used to evaluate the effectiveness of the proposed final cover at minimizing infiltration 
on both the flatter top slopes and the steeper side slopes.  The HELP Model analyzes the 
fraction of precipitation that leaves the landfill cover via runoff, infiltration, evaporation, 
and transpiration. 
 
In that the proposed final cover system is an alternate system to the regulatory minimum 
cover (RMC) (18 inches of 1 x 10-5 cm/s soil with overlying 30 mil geomembrane), the 
infiltration through the proposed system was compared to the infiltration through the 
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regulatory system.  For both the top and side slopes, the infiltration analysis demonstrates 
that the addition of a drainage geocomposite over the geomembrane significantly reduces 
the head on the barrier and, thereby, significantly reduces the calculated infiltration as 
compared to the RMC (see Appendix A).  The results of the infiltration analysis are 
summarized as follows: 
 
 

Slope 
 

Average Annual Infiltration 
 

(inches) (gallons/acre) 
 
Proposed Final Cover System: 
 
Top Slopes (8%) 

 
0.024 652 

 
Side Slopes (4H:1V) 

 
0.024 652 

 
Regulatory Minimum Final Cover System (RMC): 
 
Top Slopes (8%) 

 
0.586 15,911 

 
Side Slopes (4H:1V) 

 
0.587 15,938 

 
 

5.3.2  Slope Stability 
 

An evaluation of the veneer stability of the landfill final cover is provided in Attachment 
G.  The evaluation indicates that the final cover system will satisfy design criteria (FSstatic 
= 1.5; FSseismic = 1.0) if the minimum peak interface shear strength for the weakest 
interface is defined by the following values: 

 
Normal Loads </= 1,000 psf (Based on Veneer Stability): 
 

Cohesion = 0 psf 
Phi = 24.1 degrees 

 
Based on the slope stability analyses performed, a textured geomembrane is required.  
Interface shear strength testing of the materials representative of those to be used in 
construction should be conducted prior to installation to verify that the above minimum 
criteria is met. 

 
5.3.3  Drainage Layer Analysis 

 
The analysis of the final cover drainage layer (drainage geocomposite) is provided in 
Appendix A.  This analysis focused on determining required value of transmissivity to 
maintain peak heads within the drainage geocomposite. 
 
The analysis was performed based on a worst case condition of 4H:1V (14.0 degrees) 
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slopes and a maximum 140 foot flow length (horizontal projection) to drainage breaks in 
the drainage geocomposite (coincides with the maximum side slope length between rain 
gutters).  This condition represents the worst case in that adequate transmissivity is 
required along the steeper side slopes to maintain flow within the geocomposite and, 
thus, minimize seepage forces in the vegetative soil layer which could affect stability.  
Calculations were carried out assuming the maximum permeability of the vegetative soil 
layer is 1 x 10-4 cm/sec (conservatively high for on-site soils to be used).  The 
calculations, which include an overall reduction factor of 6 (accounts for a factor of 
safety of 2 plus a combined reduction factor of 3 for long-term intrusion, creep, and 
clogging concerns), indicate that a minimum transmissivity of 1 x  10-3 m3/m/sec is 
required for the drainage geocomposite.  Transmissivity tests should be conducted based 
on anticipated field conditions (maximum normal load, boundary conditions, and 
gradient). 

 
The soils proposed for use as the vegetative soil layer should be evaluated prior to 
construction to ensure compatibility with all the design assumptions stated herein. 

 
5.3.4  Filter Geotextile Analysis 

 
A filter geotextile analysis was performed to determine the apparent opening size (AOS) 
and permittivity required to ensure the proper performance of the upper geotextile 
component of the drainage geocomposite as a filter.  The analysis (see Appendix A) 
assumes that the vegetative soil layer will be silts or clays (based on the typical grain size 
curves evaluated) and non-dispersive (that is having a double-hydrometer ratio (DHR) 
(ASTM D 4221) of < 0.5).  Based on the filter geotextile analysis, recommended AOS 
and permittivity of the upper geotextile component are as follows: 

 
AOS (upper geotextile) (ASTM D 4751):   70+ (U.S. Sieve) 
Permittivity (upper geotextile) (ASTM D 4491):  1.0 sec-1  

 
AOS and permittivity were determined based on typical values for a 6 oz./sy non-woven 
geotextile. 

 
The soils proposed for use as the vegetative soil layer should be evaluated prior to 
construction to ensure compatibility with all the design assumptions stated herein. 

 
5.3.5  Rain Gutters and Down Pipes 

 
Calculations for the design of rain gutters and down pipes are provided in Appendix A.  
These devices were conservatively designed based on the peak run-off from a 25-year 
storm.  Other related perimeter drainage features are discussed in the Erosion and 
Sedimentation Control Plan (Attachment F). 
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5.4  ANTICIPATED STRESSES 
 
The most critical time for potential damage to the final cover geomembrane occurs following 
installation of the geomembrane when the overlying components are placed.  Installation stresses 
imposed on the geomembrane due to deployment are negligible under normal procedures.  Due 
to the selection of textured LLDPE geomembrane, all interface friction angles for geosynthetics 
are expected to be greater than the maximum 4H:1V side slope angle (see Section 5.3.2).  Thus, 
negligible stresses will be placed on geosynthetics and the system will be inherently stable. 
 
Installation of the drainage geocomposite and the vegetative soil layer over the geomembrane 
(and other geosynthetics) will need to be performed with extreme care so as to minimize the 
potential for damage to these geosynthetics.  The vegetative soil layer will be placed on landfill 
side slopes by pushing from the bottom up using low ground pressure (LGP) (< 6 psi) dozers.  
This operation will be carefully observed such that the development of wrinkles and tension in 
the underlying geosynthetics is minimized.  With the exception of properly operated ATVs used 
in deployment of the geosynthetics, no construction equipment should be allowed to drive down 
the landfill side slopes. 
 
In the construction of the final cover system, the hauling of materials down side slopes is not 
generally recommended.  However, hauling down side slopes could be possible in certain 
situations should an analysis by a qualified engineer determine that there is an adequate factor of 
safety (>/= 1.5 for both static and dynamic loads) against sliding of the final cover veneer on the 
weakest interface.  The analysis would have to evaluate the actual equipment to be used and use 
project specific interface shear strength values. 
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Percentage of Periodic Cover (i.e. daily and intermediate cover soil).
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Davidson County Landfill
Existing Capacity Evaluation - Holly Grove Landfill - Areas I & II

Waste & Periodic Cover Parameters:

Waste Density (pcy) = 1,200 (Assumed)
Waste Density (tcy) = 0.60

Percentage of Periodic Cover = 20 (Assumed)

Volume Calculations:

Volume From AutoCAD (cy) = 1,497,972 (Est. Subgrade to Top of Final Cover)
(= Gross Capacity)

Net (Waste) Capacity:

Adjustment For Other Layers:
Area of Final Cover (Ac.) = 32.1

2 feet Vegetative Soil Layer = (103,576) cy

Sum = (103,576) cy

Volume of Waste and Periodic Cover (cy) = 1,394,396

Volume of Periodic Cover (cy) = (278,879)

Net (Waste) Capacity (cy) = 1,115,517

Net (Waste) Capacity (tons) = 669,310
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Davidson County MSW Landfill - Phase 1
Capacity Evaluation - Filling Rate & Density Calculations

Density and Filling Rate Calculations:

Quantity of
Volume Waste Waste Filling Waste Waste

Start End Total Time Filled Disposed Rate* Assumed Volume Volume Density**
Date Date (years) (cy) (tons) (lbs/cy) % (cy) (cy) (lbs/cy)

10/1/1994 6/1/2003 8.67 1,464,166 814,908 1,113 10 146,417 1,317,749 1,237
6/2/2003 6/18/2004 1.05 156,313 100,808 1,290 10 15,631 140,682 1,433
6/19/2004 4/5/2005 0.79 110,764 82,182 1,484 10 11,076 99,688 1,649
4/6/2005 5/13/2006 1.10 175,632 112,847 1,285 10 17,563 158,069 1,428
5/14/2006 5/7/2007 0.98 133,873 102,105 1,525 10 13,387 120,486 1,695
5/8/2007 4/30/2008 0.98 142,459 111,637 1,567 10 14,246 128,213 1,741
5/1/2008 5/13/2009 1.03 85,840 72,957 1,700 10 8,584 77,256 1,889
5/14/2009 5/27/2010 1.04 22,356 16,100 1,440 10 2,236 20,120 1,600

Total = 1,413,544 Total = 2,062,263
(1,415,217 Tons Per State Records)

Avg. Waste Density = 1,412
PHASE 1 IS AT CAPACITY

Notes:
  *Waste Filling Rate = (Tons of Waste Disposed)/(Volume Filled).
 **Waste Density = (Tons of Waste Disposed)/(Volume Filled - Volume of Periodic Cover).

Estimated based on difference in permitted gross capacity (2,229,303 CY + 62100 CY) 
minus sum of volume filled from 6/2/2003)
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Davidson County MSW Landfill - Phase 2
Capacity Evaluation - Filling Rate & Density Calculations

Density and Filling Rate Calculations:

Quantity of
Volume Waste Waste Filling Waste Waste

Start End Total Time Filled Disposed Rate* Assumed Volume Volume Density**
Date Date (years) (cy) (tons) (lbs/cy) % (cy) (cy) (lbs/cy)

12/1/2008 5/13/2009 0.45 77,301 43,650 1,129 10 7,730 69,571 1,255
5/14/2009 5/27/2010 1.04 163,089 90,440 1,109 10 16,309 146,780 1,232
5/28/2010 6/2/2011 1.01 192,717 114,816 1,192 10 19,272 173,445 1,324
6/3/2011 2/20/2012 0.72 123,764 79,631 1,287 10 12,376 111,388 1,430

Totals:  3.21 556,871 328,537 55,687 501,184

Avg. Waste Density = 1,311
lbs/cy

Notes:
  *Waste Filling Rate = (Tons of Waste Disposed)/(Volume Filled).
 **Waste Density = (Tons of Waste Disposed)/(Volume Filled - Volume of Periodic Cover).

Periodic CoverPeriod of Interest
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The volume(s) will be calculated by using AutoCAD.  Alternatively, the volume(s) will be calculated 
by taking cross sections of the landfill, using a planimeter to measure the area of the cross sections, 
and using the average end area method.

To determine the capacity of landfill units.  Also, to estimate the expected life of the landfill unit(s) 
given the proposed contours and the anticipated waste loading rate(s).  As part of the evaluation, an 
evalution or estimate of waste density will be required based on the known or assumed percentage 
of periodic cover soil.
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Davidson County Landfill
Capacity Evaluation - MSW - Phase 2 - Area 1

Waste & Periodic Cover Parameters:

Waste Density (pcy) = 1,400 (Based on Filling Rate & Density Calcs.)
Waste Density (tcy) = 0.70

Percentage of Periodic Cover = 10

Volume Calculations:

Volume From AutoCAD (cy) = 308,175 (Compared to February 20, 2012 Topo.)
(= Gross Volume Remaining)

Net (Waste) Capacity Remaining:

Adjustment For Other Layers:
Area of Final Cover (Ac.) = 0

2 feet Vegetative Soil Layer = 0 cy

Sum = 0 cy

Volume of Waste and Periodic Cover (cy) = 308,175

Volume of Periodic Cover (cy) = (30,818)

Net (Waste) Capacity (cy) = 277,358

Net (Waste) Capacity (tons) = 194,150

Life Expectancy Calculations:

Start End Tons Total
Time Time Disposed Tons Remainder

2012.14 2013 98,900 98,900 95,250
2013 2013.83 95,250 194,150 0 Based on 115,000 Tons/Year

0 0 0 194,150 0

Landfill Life Expectancy (years) = 1.7 October 2013

Gross Volume Used:  866,081 CY (Total Gross Volume) - 
308,175 CY (Gross Volume Remaining) = 557,906 CY; 
Waste In-Place (2/20/12) = 328,537 Tons (per Site 
Records)
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Davidson County Landfill
Capacity Evaluation - MSW - Phase 2 - Area 2 Cell 1

Waste & Periodic Cover Parameters:

Waste Density (pcy) = 1,400 (Based on Filling Rate & Density Calcs.)
Waste Density (tcy) = 0.70

Percentage of Periodic Cover = 10

Volume Calculations:

Volume From AutoCAD (cy) = 330,895 (Protective Cover to Top of Intermediate Cover)
(= Gross Volume)

Net (Waste) Capacity:

Adjustment For Other Layers:
Area of Final Cover (Ac.) = 0

2 feet Vegetative Soil Layer = 0 cy

Sum = 0 cy

Volume of Waste and Periodic Cover (cy) = 330,895

Volume of Periodic Cover (cy) = (33,090)

Net (Waste) Capacity (cy) = 297,806

Net (Waste) Capacity (tons) = 208,464

Life Expectancy Calculations:

Start End Tons Total
Time Time Disposed Tons Remainder

2013.83 2014 19,750 19,750 188,714
2014 2015 115,000 134,750 73,714 Based on 115,000 Tons/Year
2015 2015.64 73,714 208,464 (0)

Landfill Life Expectancy (years) = 1.8 August 2015
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Davidson County Landfill
Capacity Evaluation - MSW - Phase 2 - Area 2 Cell 2

Waste & Periodic Cover Parameters:

Waste Density (pcy) = 1,400 (Based on Filling Rate & Density Calcs.)
Waste Density (tcy) = 0.70

Percentage of Periodic Cover = 10

Volume Calculations:

Volume From AutoCAD (cy) = 566,932 (Protective Cover to Top of Intermediate Cover)
(= Gross Volume)

Net (Waste) Capacity:

Adjustment For Other Layers:
Area of Final Cover (Ac.) = 0

2 feet Vegetative Soil Layer = 0 cy

Sum = 0 cy

Volume of Waste and Periodic Cover (cy) = 566,932

Volume of Periodic Cover (cy) = (56,693)

Net (Waste) Capacity (cy) = 510,239

Net (Waste) Capacity (tons) = 357,167

Life Expectancy Calculations:

Start End Tons Total
Time Time Disposed Tons Remainder

2015.64 2016 41,286 41,286 315,881
2016 2018 230,000 271,286 85,881 Based on 115,000 Tons/Year
2018 2018.75 85,881 357,167 0

Landfill Life Expectancy (years) = 3.1 September 2018
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Davidson County Landfill
Capacity Evaluation - MSW - Phase 2 - Area 3

Waste & Periodic Cover Parameters:

Waste Density (pcy) = 1,400 (Based on Filling Rate & Density Calcs.)
Waste Density (tcy) = 0.70

Percentage of Periodic Cover = 10

Volume Calculations:

Volume From AutoCAD (cy) = 1,308,896 (Subgrade to Top of Intermediate Cover)

Adjustment For Other Layers:
Area (Ac.) = 14.6

3.5 feet Liner & LCS/Pro. Cover = (82,441) cy

Sum = (82,441) cy

Volume of Waste and Periodic Cover (cy) = 1,226,455 (= Gross Volume)

Net (Waste) Capacity:
Volume of Periodic Cover (cy) = (122,645)

Net (Waste) Capacity (cy) = 1,103,809

Net (Waste) Capacity (tons) = 772,666

Life Expectancy Calculations:

Start End Tons Total
Time Time Disposed Tons Remainder

2018.75 2019 29,119 29,119 743,547
2019 2025 690,000 719,119 53,547 Based on 115,000 Tons/Year
2025 2025.47 53,547 772,666 0

Landfill Life Expectancy (years) = 6.7
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Davidson County Landfill
Capacity Evaluation - MSW - Phase 2 - Area 4

Waste & Periodic Cover Parameters:

Waste Density (pcy) = 1,400 (Based on Filling Rate & Density Calcs.)
Waste Density (tcy) = 0.70

Percentage of Periodic Cover = 10

Volume Calculations:

Volume From AutoCAD (cy) = 966,587 (Subgrade to Top of Intermediate Cover)

Adjustment For Other Layers:
Area (Ac.) = 10.9

3.5 feet Liner & LCS/Pro. Cover = (61,549) cy

Sum = (61,549) cy

Volume of Waste and Periodic Cover (cy) = 905,038 (= Gross Volume)

Net (Waste) Capacity:
Volume of Periodic Cover (cy) = (90,504)

Net (Waste) Capacity (cy) = 814,535

Net (Waste) Capacity (tons) = 570,174

Life Expectancy Calculations:

Start End Tons Total
Time Time Disposed Tons Remainder

2025.47 2026 61,453 61,453 508,721
2026 2030 460,000 521,453 48,721 Based on 115,000 Tons/Year
2030 2030.42 48,721 570,174 0

Landfill Life Expectancy (years) = 5.0
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Davidson County Landfill
Capacity Evaluation - MSW - Phase 2 - Area 5

Waste & Periodic Cover Parameters:

Waste Density (pcy) = 1,400 (Based on Filling Rate & Density Calcs.)
Waste Density (tcy) = 0.70

Percentage of Periodic Cover = 10

Volume Calculations:

Volume From AutoCAD (cy) = 1,414,029 (Subgrade to Top of Intermediate Cover)

Adjustment For Other Layers:
Area (Ac.) = 7.0

3.5 feet Liner & LCS/Pro. Cover = (39,527) cy

Sum = (39,527) cy

Volume of Waste and Periodic Cover (cy) = 1,374,502 (= Gross Volume)

Net (Waste) Capacity:
Volume of Periodic Cover (cy) = (137,450)

Net (Waste) Capacity (cy) = 1,237,052

Net (Waste) Capacity (tons) = 865,936

Life Expectancy Calculations:

Start End Tons Total
Time Time Disposed Tons Remainder

2030.42 2031 66,279 66,279 799,657
2031 2037 690,000 756,279 109,657 Based on 115,000 Tons/Year
2037 2037.95 109,657 865,936 0

Landfill Life Expectancy (years) = 7.5
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Davidson County Landfill
Capacity Evaluation - MSW - Phase 2 - Area 6

Waste & Periodic Cover Parameters:

Waste Density (pcy) = 1,400 (Based on Filling Rate & Density Calcs.)
Waste Density (tcy) = 0.70

Percentage of Periodic Cover = 10

Volume Calculations:

Volume From AutoCAD (cy) = 616,068 (Subgrade to Top of Intermediate Cover)

Adjustment For Other Layers:
Area (Ac.) = 9.1

3.5 feet Liner & LCS/Pro. Cover = (51,385) cy

Sum = (51,385) cy

Volume of Waste and Periodic Cover (cy) = 564,683 (= Gross Volume)

Net (Waste) Capacity:
Volume of Periodic Cover (cy) = (56,468)

Net (Waste) Capacity (cy) = 508,215

Net (Waste) Capacity (tons) = 355,751

Life Expectancy Calculations:

Start End Tons Total
Time Time Disposed Tons Remainder

2037.95 2038 5,343 5,343 350,408
2038 2041 345,000 350,343 5,408 Based on 115,000 Tons/Year
2041 2041.05 5,408 355,751 0

Landfill Life Expectancy (years) = 3.1
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Davidson County Landfill
Capacity Evaluation - MSW - Phase 2 - Area 7

Waste & Periodic Cover Parameters:

Waste Density (pcy) = 1,400 (Based on Filling Rate & Density Calcs.)
Waste Density (tcy) = 0.70

Percentage of Periodic Cover = 10

Volume Calculations:

Volume From AutoCAD (cy) = 1,181,574 (Subgrade to Top of Intermediate Cover)

Adjustment For Other Layers:
Area (Ac.) = 13.3

3.5 feet Liner & LCS/Pro. Cover = (75,101) cy

Sum = (75,101) cy

Volume of Waste and Periodic Cover (cy) = 1,106,473 (= Gross Volume)

Net (Waste) Capacity:
Volume of Periodic Cover (cy) = (110,647)

Net (Waste) Capacity (cy) = 995,826

Net (Waste) Capacity (tons) = 697,078

Life Expectancy Calculations:

Start End Tons Total
Time Time Disposed Tons Remainder

2041.05 2042 109,592 109,592 587,486
2042 2047 575,000 684,592 12,486 Based on 115,000 Tons/Year
2047 2047.11 12,486 697,078 0

Landfill Life Expectancy (years) = 6.1
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Davidson County Landfill
Capacity Evaluation - MSW - Phase 2 - Area 8

Waste & Periodic Cover Parameters:

Waste Density (pcy) = 1,400 (Based on Filling Rate & Density Calcs.)
Waste Density (tcy) = 0.70

Percentage of Periodic Cover = 10

Volume Calculations:

Volume From AutoCAD (cy) = 1,320,435 (Subgrade to Top of Final Cover (Areas 1-8))

Adjustment For Other Layers:
Area (Ac.) = 6.3

3.5 feet Liner & LCS/Pro. Cover = (35,574) cy

Sum = (35,574) cy

Volume of Waste and Periodic & Final Cover (cy) = 1,284,861 (= Gross Volume)

Net (Waste) Capacity:

Adjustment For Other Layers:
Area of Final Cover (Ac.) = 87.8 (Areas 1-8)

2 feet Vegetative Soil Layer = (283,301) cy

Sum = (283,301) cy

Volume of Waste and Periodic Cover (cy) = 1,001,560

Volume of Periodic Cover (cy) = (100,156)

Net (Waste) Capacity (cy) = 901,404

Net (Waste) Capacity (tons) = 630,983

Life Expectancy Calculations:

Start End Tons Total
Time Time Disposed Tons Remainder

2047.11 2048 102,514 102,514 528,469
2048 2052 460,000 562,514 68,469 Based on 115,000 Tons/Year
2052 2052.6 68,469 630,983 (0)

Landfill Life Expectancy (years) = 5.5

LAQ

10/16

DAVDCO-10-5

5/16/12

PKS

Richardson Smith Gardner & Associates, Inc. MSW - Phase 2 - Area 8 CAPACITY LF DENSITY & LIFE P2



RICHARDSON SMITH GARDNER & ASSOCIATES SHEET:

Engineering and Geological Services JOB #:

14 N. Boylan Avenue Tel:  919-828-0577 DATE:

Raleigh, NC  27603 Fax: 919-828-3899 BY:
CHKD BY:

Davidson County MSW Landfill - Phase 2
Capacity Evaluation - Summary

(CY) (Tons)

14.7 501,184 328,537

----- 277,358 194,150

5.9 297,806 208,464

5.9 510,239 357,167

14.6 1,103,809 772,666

10.9 814,535 570,174

7.0 1,237,052 865,936

9.1 508,215 355,751

13.3 995,826 697,078

6.3 901,404 630,983

87.8 7,147,428 4,980,906

Notes:
1.  Life Expectancy as of February 20, 2012.

Area 4 905,038

Area 5 1,374,502

Total 8,225,920

Area 8 1,284,861

Landfill Unit Life Expectancy (Years)
Net (Waste) Capacity

Gross Capacity (CY)Area (Acres)

Area 1 (Remaining)

Area 7 1,106,473

Area 2 - Cell 1 330,895

Area 3 1,226,455

Area 2 - Cell 2 566,932

Area 6 564,683

308,175

-----

1.7

1.8
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Lined MSW Landfill Units
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Area 1 (Used) 557,906
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The volumes of each material were calculated by taking design thicknesses and/or cross sections 
and multiplying by design areas and/or lengths.  Areas and lengths were determined using 
AutoCAD, a planimeter, and/or direct measurement.
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To determine the earthwork and related material quantities associated with the construction and 
operation of the landfill.

Richardson Smith Gardner & Associates, Inc. EARTHWORK
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Davidson County MSW Landfill - Phase 2
Earthwork Quantities - Summary

Area Soil Liner (CY) LCS/Pro. Cover (CY) Periodic Cover (CY)
Vegetative Soil Layer 

(CY)

Acres Cut (CY) Fill (CY) (See Note 2) (See Note 3) (See Note 4) (See Note 5)

14.7 ----- ----- ----- ----- 30,818

11.9 192,632 7,287 28,798 38,397 89,783

14.6 290,446 3,516 35,332 47,109 122,645

10.9 191,807 14,972 26,378 35,171 90,504

7.0 128,955 1,120 16,940 22,587 137,450

9.1 254,083 32,093 22,022 29,363 56,468

13.3 209,324 44,697 32,186 42,915 110,647

6.3 149,126 18,675 15,246 20,328 100,156 283,301

1,416,373 122,360 176,902 235,869 738,471 283,301

On-Site On-Site On-Site Off-Site (See Note 6) On-Site On-Site

95,339

(235,869)

Notes:
1. From AutoCAD.
2. Based on 1.5' Thickness (Alternative Liner).
3. Based on 2.0' Thickness.
4. From Capacity Evaluation.
5. Quantity for Area 8 reflects 2.0' thickness over entire Phase 2.
6. A portion of LCS/Protective Cover could come from on-site materials depending on selected options for construction.

On-Site Soil Balance  (CY) =

Off-Site Soil Balance  (CY) =

Totals (CY) =

Location (On-Site/Off-Site):

Area 8

General Earthwork (See Note 1)

Area 1 (Active)

Area 2

Landfill Unit

Area 7

Area 3

Area 4

Area 5

Area 6

Richardson Smith Gardner & Associates, Inc. Summary EARTHWORK
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Analysis:

where: β =
L =
d =
FS min =

Φ =
δ =

γ = backfill unit weight (pcf)

K A = active soil pressure coef. = 

K p =

q = dγ
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(Varies from K0 (AT REST) = 1 - sinΦ to Kp = 1/KA)

Determine T  over range of δ .  Compute stress in geomembrane by taking T/A, where A=Thickness of 
Geomembrane (ft) over unit width of 1 foot.  Compare stress with allowable anchorage requirements.  
Also, compare stress of the geomembrane (60 mil HDPE σyield = 2,000 psi).

Backfill Parameters:

friction angle between backfill & geomembrane (degrees) (for smooth 
HDPE/Clay 10-20° is typical) (20-25+° for textured HDPE)

internal friction angle (degrees)

Passive Soil Pressure Coefficient

slope angle (degrees)
trench set-back from crest (feet)
trench depth (feet)
minimum factor of safety

2. Min. Anchorage (σmin) = 20 psi

Use the procedure outlined in EPA 600/2-87/097.

- Trench Resisting Force (T) (lb/ft):

(EPA Eq. 3.21)

DAVDCO-10-5Davidson County MSWLF - Phase 2

Anchor Trench Analysis
2/29/12

PKS

To analyze the geomembrane anchor trench to ensure that it will anchor the membrane during normal 
construction and operation but will pull out before the sheet yields under excessive loads.

Richardson, G.N. & Koerner, R.M. (1987), “Geosynthetic Design Guidance for Hazardous Waste Landfill 
Cells & Surface Impoundments”, EPA Guidance Document (EPA 600/2-87/097).

1. Max Anchorage (σmax) = 1,300 psi
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Davidson County MSWLF - Phase 2
Anchor Trench Analysis

Input Parameters:

Side Slope Angle: 18.4 degrees
Geomembrane:

 Yield Stress (max) = 2,000 psi

Thickness = 0.06 in

Backfill Parameters:
Internal Friction Angle ()= 30 degrees KA = 0.33

Unit Weight () = 110 pcf KP = 3.00

Trench Parameters:
Set-Back (L) = 3.0 feet

Depth (d) = 1.5 feet
FSmin. = 1.5

Stress Calculations:

 Stress in

 tan  T (lb/ft) GM (psi) FSyield Comment

10 0.176 223.4 310.2 6.4 OK
15 0.268 346.8 481.6 4.2 OK
20 0.364 481.9 669.4 3.0 OK
25 0.466 633.1 879.3 2.3 OK

LAQ
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Define the application and function of the geotextile (i.e. where the geotextile is to be used and 
whether retention or permeability is the key function of the material) and also the confining stress 
(i.e. high - leachate collection system; low - final cover system) and flow conditions (i.e. steady-
state - landfill drains; dynamic - shoreline protection).

Koerner, Robert M. (1999), Designing with Geosynthetics, 4th Ed., Prentice-Hall Inc., Englewood 
Cliffs, NJ, pp. 84-91.

Mirafi - Geotextile Filter Design, Application, and Product Selection Guide, Ten Cate Nicolon 
Corp. (www.mirafi.com).

Richardson, G.N., Giroud, J-P., and Zhao, A. (2000), Design of Lateral Drainage Systems for 
Landfills, Tenax Corp., Baltimore.

The design criteria given assume that the soil is “set” in intimate contact with the geotextile.

From Richardson et. al.:

Davidson County MSWLF - Phase 2

Filter Geotextile Analysis - LCS

1. Define Application and Function of Geotextile:

For the purposes of filtration design, soils can be characterized as stable or unstable.  Stable soils 
perform an internal filtration process that limits migration of fines within the soil.  Typically, these 
soil types include well-graded soils.  Unstable soils are those which cannot perform self-filtration 
(i.e. they have the potential to pipe internally).  They may include gap-graded, broad-graded, and 
other highly erodible soils.  In gap-graded soils, there exists a coarse and fine fraction, but very 
little medium fraction.  If there is an insufficient quantity of soil particles in the medium fraction, 
fine soil particles pipe through the coarse fraction.  In broad-graded soils, the gradation is 
distributed over a very wide range of particle sizes such that fine soil tends to pipe through 
coarser particles.

To determine the maximum geotextile apparent opening size (AOS) to provide proper retention to 
protect drainage media from piping and clogging from adjacent soil.  Additionally, to determine the 
minimum required geotextile permittivity to provide proper drainage from the adjacent soil.  
Geotextile filtration properties must be selected based on the up-gradient soil gradation and 
plasticity and site specific hydraulic conditions.  

Bhatia, S.K. and Huang, Q. (1995), “Geotextile Filters for Internally Stable/Unstable Soils”, 
Geosynthetics International, Vol. 2, No. 3, pp. 537-565.

LAQ

DAVDCO-10-5

2. Evaluate Soils Information

For representative soils, evaluate grain size and plasticity information.  From the grain size curves 
determine the coefficients of uniformity and curvature as follows:

C
d

du  60
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d d
c 


30

2

10 60

Richardson Smith Gardner & Associates, Inc. GT FILTER (LCS)
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where: C u =

C c =

d x =

U.S. Sieve
100
80
70
60
50
40
30

Cc ≤ 7

For n < 60% O95 < d85(0.65 - 0.05Cc) Cc > 7

where: O 95 =

n =

the diameter at which x percent of the soil is finer

LAQ

(most 8 to 16 oz/sy non-wovens)

(most 4 to 6 oz/sy non-wovens)

coefficient of uniformity (quantifies the distribution of particle sizes)

coefficient of curvature (identifies internal soil stability)

DAVDCO-10-5

3/2/12

PKS

apparent opening size
geotextile porosity (%) (for non-woven geotextiles this value is typically 70 
to 90%)

Additionally, in general, particles do not move within soils having a plasticity index (PI) greater 
than 15% so there is no clogging potential (Richardson et. al.). 

3. Selection of Soil Retention Requirements (Maximum AOS):

Davidson County MSWLF - Phase 2

Filter Geotextile Analysis - LCS

For Cu ≤ 4, the soil is uniformly-graded; for 4 < Cu ≤ 20, the soil is well-graded; and for Cu > 20, 
the soil is broad-graded.  Uniformly-graded and broad-graded soils require careful analysis.  Gap-
graded soils which have a coarse and fine fraction, but limited medium fraction are of particular 
concern and should be avoided.  Gap-graded soils are readily identified by the appearance of the 
grain size curve.  For 1 ≤ Cc ≤ 3, the soil should be internally stable (Bhatia and Huang state that 
soils having Cc ≤ 7 are internally stable.).

O95 < d85(2.71 - 0.36Cc)

0.180
0.212
0.250
0.300

Bhatia and Huang developed the following retention criteria:

To determine the maximum AOS, use the method given in Koerner/Mirafi (after Luettich) and the 
method given in Bhatia and Huang.  For the AOS determined by either method, the following 
shows the relationship between opening size and the corresponding U.S. sieve number (with 
typical non-woven geotextile information as shown).

Opening Size (mm)
0.150

- Bhatia and Huang Method:

- Luettich Method:

For steady-state conditions, use the chart below.

0.425
0.600

For n ≥ 60%

Richardson Smith Gardner & Associates, Inc. GT FILTER (LCS)
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where: ψ =
k g =
k g ≥
t g =
i S =
k S =

LAQ
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geotextile thickness under design load (cm)
hydraulic gradient (use 1.5 for landfills)

Determine the geotextile permittivity requirements:

permeability of retained soil (cm/sec)

mimimum required geotextile permittivity (sec-1)

5. Other Considerations

Other things to consider in the design of a filter geotextile include anti-clogging requirements and 
survivability/durability requirements.  For anti-clogging, it is generally best to use the largest AOS 
that satisfies the retention criteria.  For non-woven geotextiles used in landfill applications, an 
AOS of 0.21 mm (No. 70 sieve) is typically the largest AOS that is available.  For 
survivability/durability concerns, generally an adequately UV stabilized geotextile made from 
polypropylene or polyester with an AASHTO M288 Strength Class of 2 is suitable for use in 
subsurface drainage applications.

Ref: Mirafi (After Luettich)

Davidson County MSWLF - Phase 2

Filter Geotextile Analysis - LCS

4. Determine Geotextile Permittivity Requirements:

(sec-1)

mimimum allowable geotextile permeability (cm/sec)
isks

 
k

t
g

g
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Davidson County MSWLF Landfill - Phase 2
Filter Geotextile Analysis (Leachate Collection System)

Application:

Primary Function: Retention/Permeability

Relative Confining Stress: High

Flow Conditions: Steady-State

PZ-23-S2 (10-11.5') PZ-24-S2 (10-11.5')

Gray Silty Sand Brown Clayey Silt

Soil Type: SM ML

d85:  0.480 0.270

d60:  0.170 0.060

d50:  0.120 0.020

d30:  0.040 0.004

d20: 0.008 0.001

d10: 0.001 0.000

PI: 0 2

Cu : 170.00 200.00

Use Caution - Soil is Broad 
Graded!

Use Caution - Soil is Broad 
Graded!

Cc : 9.41 0.89

----- -----

NA Is Soil Dispersive? (Y/N)

N

0.210

No. 70 Sieve

Soil is Unstable. NA

Draw straight line through 
d30 and d10 to obtain C'u.

d'100:  1000.000

d'50:  1.300

d'0:  0.000

C'u (When Applicable): 3162.28

Soil is Widely Graded.

D

0.007

Check Bhatia & Huang.

----- -----

Soil is Unstable. Soil is Stable.

Geotextile Porosity (%): 80 80

0.086 0.645

Check Available 
Geotextiles.

No. 30 Sieve

Required Geotextile Properties: ----- -----

Hydraulic Gradient (is): 1.5 1.5

1.0E-03 1.0E-03

1.5E-03 1.5E-03

Geotextile Thickness (tg) (cm): 0.25 0.25

0.006 0.006

**(See Note)

*Note:  Spreadsheet assumes retention application in using the Luettich Method. 

Min. Required Geotextile 

Permittivity () (sec-1):

Soil Evaluated (Representative Soils)*

Soil Relative Density (ID) (Loose 
(L), Medium (M), Dense (D) 

(When Applicable):

Recommended Maximum AOS 
(mm) (When Applicable):

Soil Description:

Soil Dispersion (When 
Applicable):

Internal Soil Stability (When 
Applicable):

P
ar

tic
le

 S
iz

e 
(m

m
)

**Note:  Type GT-S (w/ AOS = 70 Sieve) OK as this 
use is Temporary (i.e. removed prior to waste 
placment.

* PZ-23 & 24 are representative of poorer quality 
soils at the site.

Leachate Collection System Drainage Geocomposite

Internal Soil Stability:

Estimated Soil Permeability (ks) 
(cm/sec):

Min. Allowable Geotextile 
Permeability (kg) (cm/sec):

Recommended Max. AOS (mm):

P
a

rt
ic

le
 S

iz
e

 
(m

m
) 

fo
r 

D
e

te
rm

in
in

g
 

C
' u

Recommended Maximum AOS 
(mm) (When Applicable):

Luettich Method:*

Bhatia & Huang Method:

Richardson Smith Gardner & Associates, Inc. LCS DGC GT FILTER (LCS)
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where: pallow =
=

pactual =

FS =

M =

H =

MFS =
MFPD =
MFA =
RFCR =
RFCBD =
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Cushion Geotextile Analysis

allowable pressure (kPa)

geotextile mass per unit area (g/m2)

actual pressure (kPa)

factor of safety

pactual x FS

protrusion height (m) (assume H = d50 = soil particle size (mm) for 
which 50% of the total soil is finer)

reduction factor for long-term chemical/biological degradation*

reduction factor for long-term creep*
modification factor for arching in solids
modification factor for packing density*

Richardson, G.N. (1996), “Field Evaluation of Geosynthetic Protective Cushions,” Geotechnical 
Fabrics Report, (vol. 14, no. 2, March), pp. 20-25.

Richardson, G.N. and Johnson, S. (1998), “Field Evaluation of Geosynthetic Protective Cushions: 
Phase 2,” Geotechnical Fabrics Report, (October - November), pp. 44-49.

2/29/12

PKS

modification factor for protrusion shape*

*(see attached table from Koerner)

Use the equation given below to determine the required mass per unit area of a cushion 
geotextile to protect a 60 mil HDPE geomembrane under final design loads.  The selected 
cushion geotextile should be a minimum of 12 oz. per square yard to provide adequate protection 
during construction loading (Richardson, 1996 & 1998).

(Koerner Eqn. 5.33)

To evaluate the required weight of cushion geotextile to adequately protect the base 
geomembrane against the possibility of puncture.

Koerner, R.M., Designing With Geosynthetics (1999), Fourth Ed., Prentice Hall, Upper Saddle 
River, N.J., pp. 535-537.

p
M

H MS MF MF RF RFallow
S PD A CR CBD

  ( . )50 0 00045
1 1

2
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Ref:  Designing With Geosynthetics

Davidson County MSWLF - Phase 2

Cushion Geotextile Analysis
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Davidson County MSWLF - Phase 2
Cushion Geotextile Analysis

Input Parameters:

Maximum Height of Waste (ft) = 150 (Conservative - - >Max.)
Waste Density (pcf) = 70

Pactual (psf) = 10,500 (=Max Height x Waste Density)

Pactual (kPa) = 503

Factor of Safety, FS = 3

Pallow (kPa) = 1,509

Stone Stone Stone Protrusion

Angularity d50 (in) d50 (mm) Height (m) MFS MFPD MFA RFCR RFCBD (g/m3) (oz/sy)

Angular 0.750 19.1 0.019 1.00 0.67 0.25 1.5 1.3 357 10.5

Angular 0.375 9.5 0.010 1.00 0.50 0.25 1.5 1.3 64 1.9

Conservative

12 OZ/SY OK

Modification
Factors

Stone Information

Coarse Aggregate (NCDOT No. 
57)

Leachate Collection Media 
(NCDOT No. 78)

Type of Stone

LAQ

Reduction
Factors

3/3
DAVDCO-10-5
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Geotextile Mass
Per Unit Area

Richardson Smith Gardner & Associates, Inc. GT CUSHION
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SUBJECT  Cell Divider Berm Sizing
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DATE           3/2/12
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CHECKED BY  LAQ

Objective To size the cell divider berms such that during operations in each cell the runoff from the 25-year
24-hour storm can be contained within each cell without overtopping the divider berm.

Assumptions 1. Entire runoff from storm will be stored in the cell.  Assume a runoff coefficient.
2. Ignore water removal during the storm (conservative).

References Malcom, H. Rooney (1989 & 2003 Supplement), Elements of Urban Stormwater Design, NC
State Univ., Raleigh, NC.

U.S. Weather Bureau (1961), “Rainfall Frequency Atlas of the United States for Durations from
30 Minutes to 24 Hours and Return Periods from 1 to 100 Years,” U.S. Weather Bureau
Technical Paper 40.

Analysis Calculate the volume of runoff expected from the 25-year 24-hour storm in each cell.  Layout
berms such that the storage volume available in the cell behind the divider berm is greater than
the previously calculated storm volume.  The volume will be calculated using a planimeter and
the average end area method.

CELL DIVIDER BERM.WPD

RICHARDSON SMITH GARDNER & ASSOCIATES
Engineering and Geological Services
14 N. Boylan Avenue, Raleigh, NC  27603
Telephone: (919) 828-0577
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Davidson County MSW Landfill - Phase 2 - Area 2
Cell Divider Berm Sizing

25-Year, 24-Hour Design Storm Depth (in) = 6.0 (US Weather Bureau TP-40)
Runoff Coefficient = 0.8 (Assumes Storage in LCS/Protective Cover)

Calculate Stormwater Volume in Each Cell:

Cell Area (Ac) Volume (ft3)

1B 3.00 52,272
2A 3.00 52,272
2B 3.00 52,272

Calculate Available Volume in Each Cell:

Cell 1B:
Incremental Total

Elevation Area (ft2) Del. H Volume (ft3) Volume (ft3)

679 0
680 3,600 1 1,800 1,800
682 24,300 2 27,900 29,700
684 48,500 2 72,800 102,500 *

Cell 2A:
Incremental Total

Elevation Area (ft2) Del. H Volume (ft3) Volume (ft3)

681.9 0
682 1,500 0.1 75 75
684 17,200 2 18,700 18,775
686 41,700 2 58,900 77,675 *

Cell 2B:
Incremental Total

Elevation Area (ft2) Del. H Volume (ft3) Volume (ft3)

684.2 0
686 8,800 1.8 7,920 7,920
688 21,100 2 29,900 37,820
690 34,500 2 55,600 93,420 *

LAQ
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*Note:  Each of the selected elevations allow more than the 
required storage.  Any overtopping into active cells will be 
handled as leachate.

Richardson Smith Gardner & Associates, Inc. CELL DIVIDER BERM
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SUBJECT  Leachate Collection Drainage Layer Analysis
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Objective To evaluate the ability of the leachate collection system (LCS) to maintain at most 1 foot of head
on the geomembrane under Normal Operating Conditions (for drainage geocomposites head
should be maintained within the thickness of the geonet drainage core).  The analysis determines
the maximum head using input values for permeability (natural drainage media - stone/sand) or
transmissivity (drainage geocomposite) and selected slope and collection pipe spacing
combinations.

References McEnroe, Bruce (1993), “Maximum Saturated Depth Over Landfill Liners,” Journal of
Environmental Engineering, Vol. 119, No. 2, pp. 262-270.

Richardson, G.N., Giroud, J-P. and Zhao, A. (2000), Design of Lateral Drainage Systems for
Landfills, Tenax Corp., Baltimore.

Analysis The McEnroe equations require the input of an impingement rate, a drainage media permeability,
pipe spacing, and a liner slope.  This information is used to find the maximum head on the liner. 
The McEnroe solution is for three cases (see figure below).  Case 1 is for a saw-tooth bottom,
with the liquid mound overtopping the peak.  Case 2 has the liquid mound starting at the peak of
the saw-tooth.  Case three has the mound starting below the peak of the tooth.  Cases two and
three are appropriate for modeling a liner on an infinite slope with collector pipes uniformly
spaced down the slope.

Step 1: Input the necessary physical factors: slope, permeability and impingement rate.

Step 2: The controlling value R is calculated

where: r = impingement rate
k = design permeability of the drainage media (for Drainage Geocomposite,

k = transmissivity/thickness) (See Note 1)
α = slope angle of the liner

LCS DRAIN LAYER.WPD

RICHARDSON SMITH GARDNER & ASSOCIATES
Engineering and Geological Services
14 N. Boylan Avenue, Raleigh, NC 27603
Telephone: (919) 828-0577
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Note:

1. For stone/sand:  The design permeability (k) = (specified minimum permeability)/(overall
reduction factor (RF))
For drainage geocomposites:  k = (specified minimum transmissivity/thickness of geonet
drainage core)/(RF)

where: RFIN = reduction factor for intrusion
RFCR = reduction factor for creep
RFCC = reduction factor for chemical clogging
RFBC = reduction factor for biological clogging
FS = overall factor of safety

Based on the recommendations of Richardson, Giroud, & Zhao, use the following values for
a leachate collection system (LCS).  An overall factor of safety of 2.0 for long-term
conditions is also recommended.  For shorter term (lower load) conditions, lower values may
be used.

  RFIN   RFCR   RFCC   RFBC

Stone/Sand:    1.0    1.0 1.5-2.0 1.5-2.0
Dr. Geocomposite: 1.0-1.2 1.4-2.0 1.5-2.0 1.5-2.0

Step 3: The maximum head is calculated, using a formula dependent on the value of R:

For R > 1/4 (Case 1):

For R = 1/4 (Case 2):

RICHARDSON SMITH GARDNER & ASSOCIATES
Engineering and Geological Services
14 N. Boylan Avenue, Raleigh, NC 27603
Telephone: (919) 828-0577
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For R < 1/4 (Case 3):

where: hmax = maximum head (m - convert to desired units)
L = horizontal length of pipe spacing or distance to peak (m) (see figure

above)
S = liner slope (m/m)
A = (1 - 4R) 0.5

B = (4R - 1) 0.5

For certain cases when evaluating drainage geocomposites, the McEnroe equations can provide
erroneous results due to a sensitivity to the number of significant digits used.  It is recommended
that maximum head be also determined by the following equation from Giroud as a check:

where: tmax = maximum head
j = numerical modifying factor (see below) (ranges from 0.88 to 1.0)

b = slope angle of the liner
qh = design rate of liquid supply (= impingement)
k = design permeability of the drainage media
L = horizontal length of pipe spacing or distance to peak 

RICHARDSON SMITH GARDNER & ASSOCIATES
Engineering and Geological Services
14 N. Boylan Avenue, Raleigh, NC 27603
Telephone: (919) 828-0577
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Davidson County MSW Landfill - Phase 2 - Area 2 - Active Conditions
Leachate Collection Drainage Layer Analysis
 

Natural Drainage Media (Stone or Sand):

Maximum Allowable Head (hmax): 12.0 inches (Regulatory Maximum)

Impingement (r): 1.3E-05 cm/sec (Peak Daily Flow from HELP Model - Active Case)
Natural Drainage Media Permeability (k): 0.50 cm/sec (Specified Minimum for Leachate Collection Media)

Reduction Factors for Stone/Sand: (Per Richardson, Zhao, & Giroud)

RFintrusion: 1.0

RFcreep: 1.0

RFchemical clogging: 1.0

RFbiological clogging: 1.0

Overall Factor of Safety: 1.0
Overall Reduction Factor for Stone/Sand in LCS: 1.0

Design Drainage Media Permeability (k): 5.0E-01 cm/sec

Pipe Pipe hmax (in)

Slope (%) Slope (Deg.) S R Spacing (ft) Spacing (m) A B R < 0.25 R = 0.25 R > 0.25 Comment

2 1.15 0.020 0.065 200 61.0 0.860 NA 2.72 NA NA O.K.
3 1.72 0.030 0.029 200 61.0 0.940 NA 1.92 NA NA O.K.
4 2.29 0.040 0.016 200 61.0 0.967 NA 1.48 NA NA O.K.

Drainage Geocomposite:

Maximum Allowable Head (hmax): 0.25 inches (= Thickness of Geonet Drainage Core)

Impingement (r): 1.2E-05 cm/sec (Peak Daily Flow from HELP Model - Active Case)

Drainage Geocomposite Transmissivity (): 2.0E-04 m3/m/sec (Specified Minimum)
Thickness of Geonet Drainage Core: 0.25 inches (Specified Minimum)

Reduction Factors for Drainage Geocomposite: (Per Richardson, Zhao, & Giroud)

RFintrusion: 1.0

RFcreep: 1.0

RFchemical clogging: 1.0

RFbiological clogging: 1.0

Overall Factor of Safety: 1.0
Reduction Factor for Drainage Geocomposite in LCS: 1.0

Design Drainage Geocomposite Transmissivity (): 2.0E-04 m3/m/sec

Design Drainage Geocomposite Permeability (k): 3.15 cm/sec (Design Transmissivity/Thickness of Geonet Drainage Core)

Pipe Pipe hmax (in)

Slope (%) Slope (Deg.) S R Spacing (ft) Spacing (m) A B R < 0.25 R = 0.25 R > 0.25 Comment

33 18.26 0.330 0.00004 80 24.4 1.000 NA 0.01 N/A N/A O.K.

Check Using Giroud Equation:
Pipe

Slope (%) Slope (Deg.) Spacing (m) j tmax (in) Comment

33 18.26 24.4 1.00 0.01 O.K.

Note: Spreadsheet Converts Units as Required.
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RICHARDSON SMITH GARDNER & ASSOCIATES SHEET:
Engineering and Geological Services JOB #:
14 N. Boylan Avenue Tel:  919-828-0577 DATE:

Raleigh, NC  27603 Fax: 919-828-3899 BY:
CHKD BY:

Davidson County MSW Landfill - Phase 2 - Area 2 - Intermediate Conditions
Leachate Collection Drainage Layer Analysis
 

Natural Drainage Media (Stone or Sand):

Maximum Allowable Head (hmax): 12.0 inches (Regulatory Maximum)

Impingement (r): 4.8E-06 cm/sec (Peak Daily Flow from HELP Model - Intermediate Case)
Natural Drainage Media Permeability (k): 0.50 cm/sec (Specified Minimum for Leachate Collection Media)

Reduction Factors for Stone/Sand: (Per Richardson, Zhao, & Giroud)

RFintrusion: 1.0

RFcreep: 1.0

RFchemical clogging: 1.5

RFbiological clogging: 1.5

Overall Factor of Safety: 1.5
Overall Reduction Factor for Stone/Sand in LCS: 3.4

Design Drainage Media Permeability (k): 1.5E-01 cm/sec

Pipe Pipe hmax (in)

Slope (%) Slope (Deg.) S R Spacing (ft) Spacing (m) A B R < 0.25 R = 0.25 R > 0.25 Comment

2 1.15 0.020 0.081 200 61.0 0.822 NA 3.32 NA NA O.K.
3 1.72 0.030 0.036 200 61.0 0.925 NA 2.36 NA NA O.K.
4 2.29 0.040 0.020 200 61.0 0.959 NA 1.83 NA NA O.K.

Drainage Geocomposite:

Maximum Allowable Head (hmax): 0.25 inches (= Thickness of Geonet Drainage Core)

Impingement (r): 4.8E-06 cm/sec (Peak Daily Flow from HELP Model - Intermediate Case)

Drainage Geocomposite Transmissivity (): 2.0E-04 m3/m/sec (Specified Minimum)
Thickness of Geonet Drainage Core: 0.25 inches (Specified Minimum)

Reduction Factors for Drainage Geocomposite: (Per Richardson, Zhao, & Giroud)

RFintrusion: 1.1

RFcreep: 1.5

RFchemical clogging: 1.5

RFbiological clogging: 1.5

Overall Factor of Safety: 1.5
Reduction Factor for Drainage Geocomposite in LCS: 5.6

Design Drainage Geocomposite Transmissivity (): 3.6E-05 m3/m/sec

Design Drainage Geocomposite Permeability (k): 0.57 cm/sec (Design Transmissivity/Thickness of Geonet Drainage Core)

Pipe Pipe hmax (in)

Slope (%) Slope (Deg.) S R Spacing (ft) Spacing (m) A B R < 0.25 R = 0.25 R > 0.25 Comment

33 18.26 0.330 0.00009 80 24.4 1.000 NA 0.03 N/A N/A O.K.

Check Using Giroud Equation:
Pipe

Slope (%) Slope (Deg.) Spacing (m) j tmax (in) Comment

33 18.26 24.4 1.00 0.03 O.K.

Note: Spreadsheet Converts Units as Required.
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Davidson County MSW Landfill - Phase 2 - Area 2 - Final Conditions
Leachate Collection Drainage Layer Analysis
 

Natural Drainage Media (Stone or Sand):

Maximum Allowable Head (hmax): 12.0 inches (Regulatory Maximum)

Impingement (r): 1.1E-07 cm/sec (= 100 gpad >> Peak Daily Flow from HELP Model - Final Case)
Natural Drainage Media Permeability (k): 0.50 cm/sec (Specified Minimum for Leachate Collection Media)

Reduction Factors for Stone/Sand: (Per Richardson, Zhao, & Giroud)

RFintrusion: 1.0

RFcreep: 1.0

RFchemical clogging: 2.0

RFbiological clogging: 2.0

Overall Factor of Safety: 2.0
Overall Reduction Factor for Stone/Sand in LCS: 8.0

Design Drainage Media Permeability (k): 6.3E-02 cm/sec

Pipe Pipe hmax (in)

Slope (%) Slope (Deg.) S R Spacing (ft) Spacing (m) A B R < 0.25 R = 0.25 R > 0.25 Comment

2 1.15 0.020 0.004 200 61.0 0.991 NA 0.21 NA NA O.K.
3 1.72 0.030 0.002 200 61.0 0.996 NA 0.14 NA NA O.K.
4 2.29 0.040 0.001 200 61.0 0.998 NA 0.11 NA NA O.K.

Drainage Geocomposite:

Maximum Allowable Head (hmax): 0.25 inches (= Thickness of Geonet Drainage Core)

Impingement (r): 1.1E-07 cm/sec (= 100 gpad >> Peak Daily Flow from HELP Model - Final Case)

Drainage Geocomposite Transmissivity (): 2.0E-04 m3/m/sec (Specified Minimum)
Thickness of Geonet Drainage Core: 0.25 inches (Specified Minimum)

Reduction Factors for Drainage Geocomposite: (Per Richardson, Zhao, & Giroud)

RFintrusion: 1.2

RFcreep: 2.0

RFchemical clogging: 2.0

RFbiological clogging: 2.0

Overall Factor of Safety: 2.0
Reduction Factor for Drainage Geocomposite in LCS: 19.2

Design Drainage Geocomposite Transmissivity (): 1.0E-05 m3/m/sec

Design Drainage Geocomposite Permeability (k): 0.16 cm/sec (Design Transmissivity/Thickness of Geonet Drainage Core)

Pipe Pipe hmax (in)

Slope (%) Slope (Deg.) S R Spacing (ft) Spacing (m) A B R < 0.25 R = 0.25 R > 0.25 Comment

33 18.26 0.330 0.00001 80 24.4 1.000 NA 0.00 N/A N/A O.K.

Check Using Giroud Equation:
Pipe

Slope (%) Slope (Deg.) Spacing (m) j tmax (in) Comment

33 18.26 24.4 1.00 0.00 O.K.

Note: Spreadsheet Converts Units as Required.
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PROJECT  Davidson County MSWLF - Phase 2 - Area 2

SUBJECT  Leachate Collection Pipe Sizing

SHEET      1      OF     4
JOB NO.    DAVDCO-10-5
DATE           3/2/12
COMPUTED BY    PKS
CHECKED BY    LAQ

Objective To design leachate collection pipes to handle the maximum leachate generation rate.

References Cedargren, Harry R. (1974), Drainage of Highway and Airfield Pavements, John Wiley & Sons,
New York, pp. 166-167.

Debo, T.N., and Reese, A.J. (1995), Municipal Storm Water Management, Lewis Publishers,
Boca Raton, FL, pp. 438-442.

Malcom, H. Rooney (1989), Elements of Urban Stormwater Design, N.C. State University,
Raleigh, NC.

Analysis 1. For each pipe size, determine the maximum area (A), to handle the predicted flow (Q) with an
added factor of safety.  Compare the full flow capacity of each pipe size with the calculated
peak flow rate to verify the desired factor of safety.  Also, analyze leachate collection pipes
based on partial flow to determine flow depth and velocity.

2. Determine the allowable perforation size for leachate collection pipes based on the size of the
stone in the gravel columns.

3. Analyze leachate collection pipe perforations as orifice flow to ensure adequate flow capacity
into collection piping.

Calculations

- Determine Peak Flow Rate:

Use the peak daily leachate generation rate from the active condition (see leachate generation
calculations).

 
Determine the drainage area (A) to each pipe such that Qmax/Q > 2.0, where Qmax is the full flow
capacity (see below).

LCS PIPE SIZE.WPD
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- Leachate Collection Pipes:

Determine Flow Capacity of Pipe:

(D&R Equation 8.24)     

where:  Qmax  = flow capacity of pipe (cfs)
D = inside diameter of pipe (ft)
S = pipe slope (ft/ft)
n =  Manning’s roughness coefficient

Determine Factor of Safety (FS):

Iterate the drainage area (A) to each pipe such that Qmax/Q > the desired factor of safety.

Determine Flow Depth:

(D&R Equation 8.29)

where: h = flow depth (inches)
θ = central angle

(D&R Equation 8.28)     

K = constant

(D&R Equation 8.27)

Determine Flow Velocity:

 
(D&R Equation 8.30 for “A”)     

where: V = flow velocity (ft/sec)
A = cross-sectional area of flow (ft3)

RICHARDSON SMITH GARDNER & ASSOCIATES
Engineering and Geological Services
14 N. Boylan Avenue, Raleigh, NC 27603
Telephone: (919) 828-0577
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SUBJECT  Leachate Collection Pipe Sizing
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- Leachate Collection Pipe Perforations:

Determine Maximum Allowable Size of Perforations (Dmax):

(Reformulation of Cedargren Equation 5.11)     D
D

Fmax  85

where: Dmax = maximum perforation size (hole diameter or slot width) to provide
particle retention

D85 = particle size of pipe bedding material for which 85% by weight of the
particles are finer 

F = factor varying between 1 and 2 (F >/= 1.2 for slots)

Determine Flow Capacity (Qmax):

(Malcom Equation I-7)     

where: Cd  = coefficient of discharge
A = cross-sectional area of flow (ft3)
g = acceleration of gravity (32.2 ft/sec2)
h  = driving head - centroid of orifice to water surface (ft)

Determine Factor of Safety (FS):

Iterate the perforation spacing and/or other factors such that Qmax/Q > the desired factor of safety.

RICHARDSON SMITH GARDNER & ASSOCIATES
Engineering and Geological Services
14 N. Boylan Avenue, Raleigh, NC 27603
Telephone: (919) 828-0577
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RICHARDSON SMITH GARDNER & ASSOCIATES SHEET:
Engineering and Geological Services JOB #:
14 N. Boylan Avenue Tel:  919-828-0577 DATE:
Raleigh, NC  27603 Fax: 919-828-3899 BY:

CHKD BY:

Davidson County MSW Landfill - Phase 2 - Area 2
Leachate Collection System (LCS) Pipe Sizing - HDPE Pipe

Input Parameters:

Manning's Rougness Coefficient = 0.009 (HDPE Pipe)

Design Leachate Flow = 11,400 gal/acre/day (Peak Daily Leachate Generation - Active Condition)

Design Leachate Flow = 0.02 cfs/acre
Orifice Coef. Of Discharge (LCS Pipe Perforations) = 0.6

ID Drainage Area
Peak Flow 
Rate (Q) Pipe I.D. Pipe Slope

Flow Capacity 
(Qmax)

Factor of 
Safety K  Flow Depth Flow Area Flow Velocity

(AC) (CFS) (IN) (%) (CFS) (>/= 2.0) (CONSTANT) (< 265O) (IN) (SF) (FPS)

Max. Area - 6" 11.9 0.21 5.8 1 0.74 3.5 0.088 151 2.17 0.06 3.35

Determine Maximum Perforation Size:

Stone Used for Pipe Bedding: No. 57
D85 = 0.750 inches (Typ. for No. 57 Stone)

F = 1.5

Max. Diameter - Circular Holes/Max. Width - Slots = 0.50 inches

ID Drainage Area
Peak Flow 
Rate (Q) Hole Diameter

Allowable 
Head

X-Sectional 
Area

Flow Capacity 
(Qmax) No. Holes/LF

Min. Length of 
Collection Pipe

Actual Length 
of Collection 

Pipe
Factor of 

Safety

(AC) (CFS) (IN) (IN) (SF/Hole) (CFS/Hole) (FT) (FT) (>/= 2.0)

Max. Area - 6" 11.9 0.21 0.50 4 0.001 0.004 4 14 300 21.7

Standard Dimension Ratio (SDR) of Pipe = 17 (From Pipe Stress Calculations)

Nominal Pipe Size Pipe O.D.
Min. Wall 
Thickness Pipe I.D.

(IN) (IN) (IN) (IN)

6 6.625 0.390 5.8

Note:  User Input Values are in Bold.

LCS Piping

LCS Pipe Dimensions

LCS Pipe Perforations

Note:  Conservatively Neglects Upper Holes (Where Used).

Circular Holes
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Richardson Smith Gardner & Associates, Inc. HDPE Pipe LCS PIPE SIZE
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PROJECT  Davidson County MSWLF - Phase 2 - Area 2
                 
SUBJECT  HDPE Pipe Stress Analysis

SHEET    1       OF         4
JOB NO.    DAVDCO-10-5
DATE           3/2/12
COMPUTED BY   PKS
CHECKED BY      LAQ

Objective Evaluate collection pipe stresses due to long-term static (overburden) and short-term dynamic
(equipment) loads.  For long-term static loads, check crushing and buckling failure modes as well
as ring deflection.  For short-term dynamic loads, check crushing failure mode.

References CPChem Performance Pipe (2003), The Performance Pipe Engineering Manual, Chapters 5 and
7.

Chevron Phillips Chemical Co. (1998), Guidelines for HDPE Pipes in Deep Fills.

Holtz, R.D., & Kovacs, W.D. (1981), An Introduction To Geotechnical Engineering, Prentice-
Hall, Englewood Cliffs, NJ, p. 348.

Phillips Driscopipe (1998), Polyethylene Piping Systems Manual, pp. 35-46.

Requirements FSmin (Static) = 2.0; FSmin (Dynamic) = 2.0.

Analysis
- Crushing Failure:

(Perf. Pipe Eng. Man. Eq. 7-23)

where: S = compressive stress in pipe wall (psi)
DR = pipe dimension ratio 

= outside diameter/wall thickness
PT = external pressure (psf)

- Buckling Failure (Constrained Wall):

(Perf. Pipe Eng. Man. Eq. 7-32 Mod.)

PIPE STRESS - HDPE.WPD         

RICHARDSON SMITH GARDNER & ASSOCIATES
Engineering and Geological Services
14 N. Boylan Avenue, Raleigh, NC 27603
Telephone: (919) 828-0577
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PROJECT  Davidson County MSWLF - Phase 2 - Area 2

SUBJECT  HDPE Pipe Stress Analysis
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JOB NO.    DAVDCO-10-5
DATE           3/2/12
COMPUTED BY   PKS
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where: PCR = critical buckling soil pressure (psi)
R = groundwater buoyancy reduction factor

(Perf. Pipe Eng. Man. Eq. 7-34)

B’ = elastic support coefficient

(Perf. Pipe Eng. Man. Eq. 7-35)

E’ = constrained soil modulus (psi) (see attached table)
H = height of cover above pipe (ft)
HGW  = height of groundwater (ft)
E = long-term modulus of elasticity of pipe (psi) (see attached table)

- Ring Deflection:

For constrained HDPE pipe, pipe deflection equals the strain in the surrounding bedding soil. 
The safe pipe deflection for each DR is shown on the attached table.

(%) (Driscopipe p. 47)

-Equipment Loading:

Line Loads: (H&K Eq. 8-26) Point Loads: (Perf. Pipe Eng. Man. Eq. 7-13)

where: W = dynamic equipment load (lbs/ft or lbs) (= 1.5 times weight of machine)
Z  = vertical distance from the point of loading to the top of the pipe (feet)

Note:  The equations conservatively assumes loads are applied directly over the pipe)

Using the above calculations for PT, calculate the factor of safety for crushing failure as shown
above.

RICHARDSON SMITH GARDNER & ASSOCIATES
Engineering and Geological Services
14 N. Boylan Avenue, Raleigh, NC 27603
Telephone: (919) 828-0577
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Ref:  Guidelines for HDPE Pipe in Deep Fills

Ref: Performance Pipe Engineering Manual

Ref:  Performance Pipe Engineering Manual

RICHARDSON SMITH GARDNER & ASSOCIATES
Engineering and Geological Services
14 N. Boylan Avenue, Raleigh, NC 27603
Telephone: (919) 828-0577
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Davidson County MSW Landfill - Phase 2 - Area 2
HDPE Pipe Stress Analysis

Case 1:  Long-Term Static Loading

Max. Height of Fill (H) (ft) = 150 (> Max.) Max. Vertical Stress (PT) (psf) = 10,500

Avg. Unit Weight (pcf) = 70 Max. Vertical Stress (PT) (psi) = 73

Height of Groundwater (HGW) (ft) = 1 (12" Max. Head)

Constrained Soil Modulus (E') (psi) = 5,800
Groundwater Buoyancy Factor (R) = 0.998

Elastic Support Coefficient (B') = 1.000

Calculate Safety Factors Against Crushing, Buckling, and Ring Deflection:

Long-Term Comp. Critical
Elastic Allowable Stress in Buckling

Modulus Ring Pipe Wall Pressure Ring

DR E (psi) Defl. (%) S (psi) PCR (psi) FSCrush FSBuckle Defl. (%) Comment

19 28,200 5.5 693 273 2.3 3.7 1.3 O.K.

17 28,200 5.0 620 325 2.6 4.5 1.3 O.K.

13.5 28,200 4.0 492 471 3.3 6.5 1.3 O.K.

11 28,200 3.0 401 658 4.0 9.0 1.3 O.K.

Case 2:  Short-Term Dynamic (Equipment) Loading

DR (Determine From Static Loading Analysis) = 17

Line Loads:

Weight* Track      Dynamic Line Loads (psi) S FS
                      Equipment (lbs) Length (ft) 6" Cover 12" Cover 18" Cover 6" Cover 12" Cover 18" Cover 6" Cover 12" Cover 18" Cover

D4 Bulldozer (D4C-II) 19,485 6.74 19 10 6 163 81 54 9.8 19.6 29.5
D6 Bulldozer (D6H-II) 46,305 8.63 36 18 12 302 151 101 5.3 10.6 15.9
D8 Bulldozer (D8L) 95,838 10.5 61 30 20 514 257 171 3.1 6.2 9.3
953 Track Loader 37,560 7.5 33 17 11 282 141 94 5.7 11.3 17.0
963Track Loader 48,914 8.08 40 20 13 341 171 114 4.7 9.4 14.1

Point Loads:

Weight* Number      Dynamic Point Loads (psi) S FS
                     Equipment (lbs) of Tires 6" Cover 12" Cover 18" Cover 6" Cover 12" Cover 18" Cover 6" Cover 12" Cover 18" Cover

950 Wheel Loader 48,628 4 242 60 27 2,056 514 228 0.8 3.1 7.0
615 Scraper 91,000 4 453 113 50 3,847 962 427 0.4 1.7 3.7
621 Scraper 115,195 4 573 143 64 4,870 1,217 541 0.3 1.3 3.0
816B Compactor 45,477 4 226 57 25 1,923 481 214 0.8 3.3 7.5
826C Compactor 69,733 4 347 87 39 2,948 737 328 0.5 2.2 4.9

*
*  Includes Blades, Loaded Buckets, etc.

*Operations Restrictions Address This.
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Objective To predict leachate generation rates for various operational conditions and evaluate rates of
removal for the “surge” condition.

Assumptions Assume four operational conditions as follows:

Open - Small quantity of waste in cell; almost all of runoff is leachate
Active - One 10 foot lift of waste in place; no runoff
Interim - 40 feet of waste in place under intermediate cover
Final - Final cover in-place; minimal infiltration.

Assume that the design storm for the landfill unit during initial filling (placement of initial lift of
waste over open cells) is the 1-year 24-hour storm.  This value is used to estimate leachate
generation for “open” conditions.

Assumed empirical leachate generation rates are as follows for the above operational conditions:

Active - 1,200 gallons/acre/day
Interim - 500 gallons/acre/day
Final -  100 gallons/acre/day.

These rates are based on back calculations from observed generation rates from High Point, NC
(Phase 1), Alamance County, NC, and several New York facilities (Reference Robert Pheneuf 
(NY-DEC)).

Analysis
Step 1:  Determine the leachate generation rates for the above conditions using the HELP

(v. 3.07) Model.  These rates are as follows (see attached computer output files):

Active -  737 gallons/acre/day
Interim - 569 gallons/acre/day
Final - 0.4  gallons/acre/day (see Final Cover Infiltration Analysis for output).

Step 2: Compare results from the HELP Model with the empirical rates shown above.  In
that the empirical results are greater (or approximately equal), use the empirical
values in estimating the leachate generation rates.

Step 3:  Estimate leachate generation rates using empirical values for the various
conditions expected before, during, and after landfill operations.  In this case,
leachate generation rates are predicted for the following scenarios:

LEACHATE GEN.WPD         
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A.  Completion of Area 1 operations (Area 1 under Interim conditions);

B.  Initial filling of Area 2 (various areas under Open, Interim, Active, and
Interim conditions) (maximum value is taken as the surge event for Area 2);

C.  Waste covers Area 2 (no areas open; various areas under active and interim
conditions) (maximum value is taken as the typical generation rate for Area
2);

D.  Completion of Area 2 operations (Area 2 under Interim conditions);

E.  Closure of Areas 1 & 2 (Areas 1 and 2 under Final conditions) (this value is
taken as the typical generation rate for Post-Closure conditions).

Step 4:  Based on the leachate generation rates determined above, estimate the pumping
rates required to ensure that enough capacity remains in the leachate storage tank
to handle the surge event.  Also, estimate the days of capacity for the tank under
typical Area 2 operations and under post-closure conditions.

RICHARDSON SMITH GARDNER & ASSOCIATES
Engineering and Geological Services
14 N. Boylan Avenue, Raleigh, NC 27603
Telephone: (919) 828-0577
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Davidson County MSW Landfill - Phase 2 - Area 2
Evaluation of Leachate Generation Rates

LEACHATE GENERATION RATES:

1-Year, 24-Hour Design Storm Depth = 2.80 inches (US Weather Bureau TP-40)

Open: 76,027 gallons/acre/day
Active: 1,200 gallons/acre/day

Interim: 500 gallons/acre/day
Final: 100 gallons/acre/day

TOTAL
Acres GPD Acres GPD Acres GPD Acres GPD GPD

0.0 0 0.0 0 14.7 7,350 0.0 0 7,350

3.0 228,080 0.0 0 14.7 7,350 0.0 0 235,430
3.0 228,080 3.0 3,600 14.7 7,350 0.0 0 239,030
3.0 228,080 5.9 7,104 14.7 7,350 0.0 0 242,534
3.0 228,080 8.9 10,680 14.7 7,350 0.0 0 246,110

0.0 0 11.9 14,280 14.7 7,350 0.0 0 21,630
0.0 0 8.9 10,680 17.7 8,850 0.0 0 19,530
0.0 0 5.9 7,080 20.7 10,350 0.0 0 17,430
0.0 0 3.0 3,600 23.6 11,800 0.0 0 15,400

0.0 0 0.0 0 26.6 13,300 0.0 0 13,300

0.0 0 0.0 0 0.0 0 26.6 2,660 2,660
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C.  Waste Covers Areas 1 & 2 (Maximum Value is "Typical" for Areas 1 & 2)

INTERIM FINAL

A.  Completion of Area 1  Operations

LAQ

D.  Completion of Area 1 & 2 Operations

E.     Closure of Areas 1 & 2 (Value is "Typical" for Post-Closure Conditions)

OPEN ACTIVE

B.  Initial Filling of Area 2 (Maximum Value is "Surge" Event)

Richardson Smith Gardner & Associates, Inc. Leachate Generation LEACHATE GEN
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REQUIRED REMOVAL RATES: DATE:
BY:
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Case 1:  Surge Event:

Quantity of Leachate Produced = 246,110 gallons (See Above)
Maximum Storage Capacity = 340,000 gallons (See Below)

 

Available Volume Volume Volume
Storage Retained in Retained in Retained in
Capacity Tanks Tanks Landfill Pump Rate Pump Rate
(gallons) (gallons) (gallons) (gallons) = 15,000 gpd = 30,000 gpd

340,000 0 246,110 0 0.0 0.0
300,000 40,000 286,110 0 0.0 0.0
260,000 80,000 326,110 0 0.0 0.0
230,000 110,000 340,000 16,110 1.1 0.5
200,000 140,000 340,000 46,110 3.1 1.5
175,000 165,000 340,000 71,110 4.7 2.4
150,000 190,000 340,000 96,110 6.4 3.2
125,000 215,000 340,000 121,110 8.1 4.0
100,000 240,000 340,000 146,110 9.7 4.9
75,000 265,000 340,000 171,110 11.4 5.7
50,000 290,000 340,000 196,110 13.1 6.5
25,000 315,000 340,000 221,110 14.7 7.4

0 340,000 340,000 246,110 16.4 8.2

Case 2:  Typical Leachate Generation:

Typical Leachate Generation Rate = 21,630 gallons/day (See Above)

Days of Storage Capacity = 15.7 days

Case 3:  Typical Post-Closure Leachate Generation:

Typical Leachate Generation Rate = 2,660 gallons/day (See Above)

Days of Storage Capacity = 127.8 days

STORAGE CAPACITY OF LEACHATE TANKS:

Capacity = 340,000 gallons (Tank A)

Before Surge Event After Surge Event

PKS

Maximum Detention Time In 
in Landfill (days)

LAQ

4/10
DAVDCO-10-5

3/2/12

Richardson Smith Gardner & Associates, Inc. Leachate Generation LEACHATE GEN



 
 ****************************************************************************** 
 ****************************************************************************** 
 **                                                                          ** 
 **                                                                          ** 
 **              HYDROLOGIC EVALUATION OF LANDFILL PERFORMANCE               ** 
 **                HELP MODEL VERSION 3.07  (1 NOVEMBER 1997)                ** 
 **                  DEVELOPED BY ENVIRONMENTAL LABORATORY                   ** 
 **                    USAE WATERWAYS EXPERIMENT STATION                     ** 
 **             FOR USEPA RISK REDUCTION ENGINEERING LABORATORY              ** 
 **                                                                          ** 
 **                                                                          ** 
 ****************************************************************************** 
 ****************************************************************************** 
 
 
 
 PRECIPITATION DATA FILE:    C:\PROGRA~1\HELP3\GBRONCP.D4                       
 TEMPERATURE DATA FILE:      C:\PROGRA~1\HELP3\GBRONCT.D7                       
 SOLAR RADIATION DATA FILE:  C:\PROGRA~1\HELP3\GBRONCS.D13                      
 EVAPOTRANSPIRATION DATA:    C:\PROGRA~1\HELP3\GBRONCE.D11                      
 SOIL AND DESIGN DATA FILE:  C:\PROGRA~1\HELP3\DCACT.D10                        
 OUTPUT DATA FILE:           C:\PROGRA~1\HELP3\DCACT.OUT                        
 
 
 TIME:  11:56     DATE:   5/16/2012 
 
 
 ****************************************************************************** 
 
      TITLE:  Davidson County MSWLF - Phase 2 - Active Condition           
 
 ****************************************************************************** 
 
 
      NOTE:  INITIAL MOISTURE CONTENT OF THE LAYERS AND SNOW WATER WERE 
               COMPUTED AS NEARLY STEADY-STATE VALUES BY THE PROGRAM. 
 
 
  
                                    LAYER  1 
                                    -------- 
 
                      TYPE 1 - VERTICAL PERCOLATION LAYER 
                          MATERIAL TEXTURE NUMBER   7 
            THICKNESS                   =      6.00   INCHES 
            POROSITY                    =      0.4730 VOL/VOL 
            FIELD CAPACITY              =      0.2220 VOL/VOL 
            WILTING POINT               =      0.1040 VOL/VOL 
            INITIAL SOIL WATER CONTENT  =      0.2557 VOL/VOL 
            EFFECTIVE SAT. HYD. COND.   =  0.520000001000E-03 CM/SEC 
          NOTE:  SATURATED HYDRAULIC CONDUCTIVITY IS MULTIPLIED BY  3.00 
                   FOR ROOT CHANNELS IN TOP HALF OF EVAPORATIVE ZONE. 
 
 
 
  

                                    LAYER  2 
                                    -------- 
 
                      TYPE 1 - VERTICAL PERCOLATION LAYER 
                          MATERIAL TEXTURE NUMBER  18 
            THICKNESS                   =    120.00   INCHES 
            POROSITY                    =      0.6710 VOL/VOL 
            FIELD CAPACITY              =      0.2920 VOL/VOL 
            WILTING POINT               =      0.0770 VOL/VOL 
            INITIAL SOIL WATER CONTENT  =      0.3176 VOL/VOL 
            EFFECTIVE SAT. HYD. COND.   =  0.100000005000E-02 CM/SEC 
 
  
                                    LAYER  3 
                                    -------- 
 
                        TYPE 2 - LATERAL DRAINAGE LAYER 
                          MATERIAL TEXTURE NUMBER   0 
            THICKNESS                   =     24.00   INCHES 
            POROSITY                    =      0.3970 VOL/VOL 
            FIELD CAPACITY              =      0.0320 VOL/VOL 
            WILTING POINT               =      0.0130 VOL/VOL 
            INITIAL SOIL WATER CONTENT  =      0.0461 VOL/VOL 
            EFFECTIVE SAT. HYD. COND.   =  0.500000000000     CM/SEC 
            SLOPE                       =      2.50   PERCENT 
            DRAINAGE LENGTH             =    200.0    FEET 
 
 
                                    LAYER  4 
                                    -------- 
 
                        TYPE 4 - FLEXIBLE MEMBRANE LINER 
                          MATERIAL TEXTURE NUMBER  35 
            THICKNESS                   =      0.06   INCHES 
            POROSITY                    =      0.0000 VOL/VOL 
            FIELD CAPACITY              =      0.0000 VOL/VOL 
            WILTING POINT               =      0.0000 VOL/VOL 
            INITIAL SOIL WATER CONTENT  =      0.0000 VOL/VOL 
            EFFECTIVE SAT. HYD. COND.   =  0.199999996000E-12 CM/SEC 
            FML PINHOLE DENSITY         =      1.00   HOLES/ACRE 
            FML INSTALLATION DEFECTS    =      8.00   HOLES/ACRE 
            FML PLACEMENT QUALITY       =  3 - GOOD      
 
 
                                    LAYER  5 
                                    -------- 
 
                          TYPE 3 - BARRIER SOIL LINER 
                          MATERIAL TEXTURE NUMBER   0 
            THICKNESS                   =      0.20   INCHES 
            POROSITY                    =      0.7500 VOL/VOL 
            FIELD CAPACITY              =      0.7470 VOL/VOL 
            WILTING POINT               =      0.4000 VOL/VOL 
            INITIAL SOIL WATER CONTENT  =      0.7500 VOL/VOL 
            EFFECTIVE SAT. HYD. COND.   =  0.499999997000E-08 CM/SEC 
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                    GENERAL DESIGN AND EVAPORATIVE ZONE DATA 
                    ---------------------------------------- 
 
          NOTE:  SCS RUNOFF CURVE NUMBER WAS COMPUTED FROM DEFAULT 
                   SOIL DATA BASE USING SOIL TEXTURE # 7 WITH BARE 
                   GROUND CONDITIONS, A SURFACE SLOPE OF  5.% AND 
                   A SLOPE LENGTH OF  300. FEET. 
 
         SCS RUNOFF CURVE NUMBER             =     88.50 
         FRACTION OF AREA ALLOWING RUNOFF    =      0.0    PERCENT 
         AREA PROJECTED ON HORIZONTAL PLANE  =      1.000  ACRES 
         EVAPORATIVE ZONE DEPTH              =     21.0    INCHES 
         INITIAL WATER IN EVAPORATIVE ZONE   =      6.296  INCHES 
         UPPER LIMIT OF EVAPORATIVE STORAGE  =     12.903  INCHES 
         LOWER LIMIT OF EVAPORATIVE STORAGE  =      1.779  INCHES 
         INITIAL SNOW WATER                  =      0.000  INCHES 
         INITIAL WATER IN LAYER MATERIALS    =     40.905  INCHES 
         TOTAL INITIAL WATER                 =     40.905  INCHES 
         TOTAL SUBSURFACE INFLOW             =      0.00   INCHES/YEAR 
 
 
                     EVAPOTRANSPIRATION AND WEATHER DATA  
                     ----------------------------------- 
 
          NOTE:  EVAPOTRANSPIRATION DATA WAS OBTAINED FROM 
                   GREENSBORO          NORTH CAROLINA       
 
              STATION LATITUDE                       =  35.13 DEGREES 
              MAXIMUM LEAF AREA INDEX                =   2.00 
              START OF GROWING SEASON (JULIAN DATE)  =     90 
              END OF GROWING SEASON (JULIAN DATE)    =    305 
              EVAPORATIVE ZONE DEPTH                 =  21.0  INCHES 
              AVERAGE ANNUAL WIND SPEED              =   7.60 MPH 
              AVERAGE 1ST QUARTER RELATIVE HUMIDITY  =  66.00 % 
              AVERAGE 2ND QUARTER RELATIVE HUMIDITY  =  68.00 % 
              AVERAGE 3RD QUARTER RELATIVE HUMIDITY  =  74.00 % 
              AVERAGE 4TH QUARTER RELATIVE HUMIDITY  =  70.00 % 
 
 
 
          NOTE:  PRECIPITATION DATA WAS SYNTHETICALLY GENERATED USING 
                   COEFFICIENTS FOR    GREENSBORO          NORTH CAROLINA       
 
                   NORMAL MEAN MONTHLY PRECIPITATION (INCHES) 
 
      JAN/JUL     FEB/AUG     MAR/SEP     APR/OCT     MAY/NOV     JUN/DEC 
      -------     -------     -------     -------     -------     ------- 
        3.51        3.37        3.88        3.16        3.37        3.93 
        4.27        4.19        3.64        3.18        2.59        3.38 
 
 
          NOTE:  TEMPERATURE DATA WAS SYNTHETICALLY GENERATED USING 
                   COEFFICIENTS FOR    GREENSBORO          NORTH CAROLINA       
 
 
 
 

              NORMAL MEAN MONTHLY TEMPERATURE (DEGREES FAHRENHEIT) 
 
      JAN/JUL     FEB/AUG     MAR/SEP     APR/OCT     MAY/NOV     JUN/DEC 
      -------     -------     -------     -------     -------     ------- 
       37.50       39.90       48.00       58.30       66.50       73.50 
       77.20       76.30       69.90       58.40       48.50       40.20 
 
 
 
          NOTE:  SOLAR RADIATION DATA WAS SYNTHETICALLY GENERATED USING 
                   COEFFICIENTS FOR    GREENSBORO          NORTH CAROLINA       
                     AND STATION LATITUDE  =  35.13 DEGREES 
 
 
 ******************************************************************************* 
  
          AVERAGE MONTHLY VALUES IN INCHES FOR YEARS    1 THROUGH   20 
 ------------------------------------------------------------------------------- 
  
                          JAN/JUL  FEB/AUG  MAR/SEP  APR/OCT  MAY/NOV  JUN/DEC 
                          -------  -------  -------  -------  -------  ------- 
   PRECIPITATION 
   ------------- 
     TOTALS                 2.70     3.27     4.10     2.81     3.05     3.96 
                            4.76     5.13     3.82     2.52     2.60     3.80 
  
     STD. DEVIATIONS        1.65     1.38     1.92     1.36     1.29     2.53 
                            1.98     2.38     2.39     1.71     1.91     1.80 
  
   RUNOFF 
   ------ 
     TOTALS                 0.000    0.000    0.000    0.000    0.000    0.000 
                            0.000    0.000    0.000    0.000    0.000    0.000 
  
     STD. DEVIATIONS        0.000    0.000    0.000    0.000    0.000    0.000 
                            0.000    0.000    0.000    0.000    0.000    0.000 
  
   EVAPOTRANSPIRATION 
   ------------------ 
     TOTALS                 1.340    1.624    2.898    3.065    3.664    4.677 
                            4.737    4.217    2.642    1.378    1.263    1.099 
  
     STD. DEVIATIONS        0.213    0.337    0.297    0.685    0.747    1.462 
                            1.669    1.216    1.083    0.266    0.271    0.183 
  
   LATERAL DRAINAGE COLLECTED FROM LAYER  3 
   ---------------------------------------- 
     TOTALS                 2.0064   1.4304   1.8970   1.3199   0.2708   0.2230 
                            0.2235   0.2170   0.2922   0.6155   0.5672   0.8449 
  
     STD. DEVIATIONS        1.4471   1.2760   1.5947   1.0737   0.3740   0.4610 
                            0.5762   0.8259   0.5275   0.7842   0.8683   1.1862 
  
   PERCOLATION/LEAKAGE THROUGH LAYER  5 
   ------------------------------------ 
     TOTALS                 0.0000   0.0000   0.0000   0.0000   0.0000   0.0000 
                            0.0000   0.0000   0.0000   0.0000   0.0000   0.0000 
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     STD. DEVIATIONS        0.0000   0.0000   0.0000   0.0000   0.0000   0.0000 
                            0.0000   0.0000   0.0000   0.0000   0.0000   0.0000 
  
 
 ------------------------------------------------------------------------------- 
                AVERAGES OF MONTHLY AVERAGED DAILY HEADS (INCHES) 
 ------------------------------------------------------------------------------- 
 
  
   DAILY AVERAGE HEAD ON TOP OF LAYER  4 
   ------------------------------------- 
     AVERAGES               0.1828   0.1430   0.1728   0.1243   0.0247   0.0210 
                            0.0204   0.0198   0.0275   0.0561   0.0534   0.0770 
  
     STD. DEVIATIONS        0.1318   0.1280   0.1453   0.1011   0.0341   0.0434 
                            0.0525   0.0752   0.0497   0.0714   0.0817   0.1081 
  
 ******************************************************************************* 
 
 
 
 ******************************************************************************* 
  
      AVERAGE ANNUAL TOTALS & (STD. DEVIATIONS) FOR YEARS    1 THROUGH   20 
 ------------------------------------------------------------------------------- 
                                      INCHES            CU. FEET       PERCENT 
                                -------------------   -------------   --------- 
  PRECIPITATION                  42.52    (   7.072)     154363.9     100.00 
  
  RUNOFF                          0.000   (  0.0000)          0.00      0.000 
  
  EVAPOTRANSPIRATION             32.604   (  3.5054)     118352.66     76.671 
  
  LATERAL DRAINAGE COLLECTED      9.90788 (  3.96741)     35965.594   23.29922 
    FROM LAYER  3 
  
  PERCOLATION/LEAKAGE THROUGH     0.00003 (  0.00001)         0.091     0.00006 
    LAYER  5 
  
  AVERAGE HEAD ON TOP             0.077 (    0.031) 
    OF LAYER  4 
  
  CHANGE IN WATER STORAGE         0.013   (  2.2057)         45.58      0.030 
  
 ******************************************************************************* 
 
 
 
  
 
 
 
 
 
 
 

 ****************************************************************************** 
                 PEAK DAILY VALUES FOR YEARS    1 THROUGH   20 
    ------------------------------------------------------------------------ 
                                                 (INCHES)      (CU. FT.) 
                                                ----------   ------------- 
       PRECIPITATION                              3.76         13648.800 
  
       RUNOFF                                     0.000            0.0000 
  
       DRAINAGE COLLECTED FROM LAYER  3           0.42791       1553.31714 
  
       PERCOLATION/LEAKAGE THROUGH LAYER  5       0.000001         0.00420 
  
       AVERAGE HEAD ON TOP OF LAYER  4            1.208 
  
       MAXIMUM HEAD ON TOP OF LAYER  4            2.186 
 
       LOCATION OF MAXIMUM HEAD IN LAYER  3 
             (DISTANCE FROM DRAIN)               19.0 FEET 
  
       SNOW WATER                                 2.87         10419.2432 
  
 
       MAXIMUM VEG. SOIL WATER (VOL/VOL)                  0.4457 
  
       MINIMUM VEG. SOIL WATER (VOL/VOL)                  0.0847 
  
 
        ***  Maximum heads are computed using McEnroe's equations.  *** 
 
             Reference:  Maximum Saturated Depth over Landfill Liner 
                         by Bruce M. McEnroe, University of Kansas 
                         ASCE Journal of Environmental Engineering 
                         Vol. 119, No. 2, March 1993, pp. 262-270. 
 
 ****************************************************************************** 
 
 
 ****************************************************************************** 
                    FINAL WATER STORAGE AT END OF YEAR   20 
     ---------------------------------------------------------------------- 
                     LAYER        (INCHES)       (VOL/VOL) 
                     -----        --------       --------- 
                       1            1.4081         0.2347 
 
                       2           38.4851         0.3207 
 
                       3            1.1134         0.0464 
 
                       4            0.0000         0.0000 
 
                       5            0.1500         0.7500 
 
                   SNOW WATER       0.000 
  
 ****************************************************************************** 
 ****************************************************************************** 
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 ****************************************************************************** 
 ****************************************************************************** 
 **                                                                          ** 
 **                                                                          ** 
 **              HYDROLOGIC EVALUATION OF LANDFILL PERFORMANCE               ** 
 **                HELP MODEL VERSION 3.07  (1 NOVEMBER 1997)                ** 
 **                  DEVELOPED BY ENVIRONMENTAL LABORATORY                   ** 
 **                    USAE WATERWAYS EXPERIMENT STATION                     ** 
 **             FOR USEPA RISK REDUCTION ENGINEERING LABORATORY              ** 
 **                                                                          ** 
 **                                                                          ** 
 ****************************************************************************** 
 ****************************************************************************** 
 
 
 
 PRECIPITATION DATA FILE:    C:\PROGRA~1\HELP3\GBRONCP.D4                       
 TEMPERATURE DATA FILE:      C:\PROGRA~1\HELP3\GBRONCT.D7                       
 SOLAR RADIATION DATA FILE:  C:\PROGRA~1\HELP3\GBRONCS.D13                      
 EVAPOTRANSPIRATION DATA:    C:\PROGRA~1\HELP3\GBRONCE.D11                      
 SOIL AND DESIGN DATA FILE:  C:\PROGRA~1\HELP3\DCINT.D10                        
 OUTPUT DATA FILE:           C:\PROGRA~1\HELP3\DCINT.OUT                        
 
 
 
 TIME:  11:57     DATE:   5/16/2012 
 
 
 
 ****************************************************************************** 
 
      TITLE:  Davidson County MSWLF - Phase 2 - Interim Condition          
 
 ****************************************************************************** 
 
 
      NOTE:  INITIAL MOISTURE CONTENT OF THE LAYERS AND SNOW WATER WERE 
               COMPUTED AS NEARLY STEADY-STATE VALUES BY THE PROGRAM. 
 
 
                                    LAYER  1 
                                    -------- 
 
                      TYPE 1 - VERTICAL PERCOLATION LAYER 
                          MATERIAL TEXTURE NUMBER   7 
            THICKNESS                   =     12.00   INCHES 
            POROSITY                    =      0.4730 VOL/VOL 
            FIELD CAPACITY              =      0.2220 VOL/VOL 
            WILTING POINT               =      0.1040 VOL/VOL 
            INITIAL SOIL WATER CONTENT  =      0.2700 VOL/VOL 
            EFFECTIVE SAT. HYD. COND.   =  0.520000001000E-03 CM/SEC 
          NOTE:  SATURATED HYDRAULIC CONDUCTIVITY IS MULTIPLIED BY  3.00 
                   FOR ROOT CHANNELS IN TOP HALF OF EVAPORATIVE ZONE. 
 
 
 

                                     LAYER  2 
                                    -------- 
 
                      TYPE 1 - VERTICAL PERCOLATION LAYER 
                          MATERIAL TEXTURE NUMBER  18 
            THICKNESS                   =    480.00   INCHES 
            POROSITY                    =      0.6710 VOL/VOL 
            FIELD CAPACITY              =      0.2920 VOL/VOL 
            WILTING POINT               =      0.0770 VOL/VOL 
            INITIAL SOIL WATER CONTENT  =      0.2974 VOL/VOL 
            EFFECTIVE SAT. HYD. COND.   =  0.100000005000E-02 CM/SEC 
 
 
                                    LAYER  3 
                                    -------- 
 
                        TYPE 2 - LATERAL DRAINAGE LAYER 
                          MATERIAL TEXTURE NUMBER   0 
            THICKNESS                   =     24.00   INCHES 
            POROSITY                    =      0.3970 VOL/VOL 
            FIELD CAPACITY              =      0.0320 VOL/VOL 
            WILTING POINT               =      0.0130 VOL/VOL 
            INITIAL SOIL WATER CONTENT  =      0.0425 VOL/VOL 
            EFFECTIVE SAT. HYD. COND.   =  0.500000000000     CM/SEC 
            SLOPE                       =      2.50   PERCENT 
            DRAINAGE LENGTH             =    200.0    FEET 
 
 
                                    LAYER  4 
                                    -------- 
 
                        TYPE 4 - FLEXIBLE MEMBRANE LINER 
                          MATERIAL TEXTURE NUMBER  35 
            THICKNESS                   =      0.06   INCHES 
            POROSITY                    =      0.0000 VOL/VOL 
            FIELD CAPACITY              =      0.0000 VOL/VOL 
            WILTING POINT               =      0.0000 VOL/VOL 
            INITIAL SOIL WATER CONTENT  =      0.0000 VOL/VOL 
            EFFECTIVE SAT. HYD. COND.   =  0.199999996000E-12 CM/SEC 
            FML PINHOLE DENSITY         =      1.00   HOLES/ACRE 
            FML INSTALLATION DEFECTS    =      8.00   HOLES/ACRE 
            FML PLACEMENT QUALITY       =  3 - GOOD      
 
 
                                    LAYER  5 
                                    -------- 
 
                          TYPE 3 - BARRIER SOIL LINER 
                          MATERIAL TEXTURE NUMBER   0 
            THICKNESS                   =      0.20   INCHES 
            POROSITY                    =      0.7500 VOL/VOL 
            FIELD CAPACITY              =      0.7470 VOL/VOL 
            WILTING POINT               =      0.4000 VOL/VOL 
            INITIAL SOIL WATER CONTENT  =      0.7500 VOL/VOL 
            EFFECTIVE SAT. HYD. COND.   =  0.499999997000E-08 CM/SEC 
 
 

8/10



                    GENERAL DESIGN AND EVAPORATIVE ZONE DATA 
                    ---------------------------------------- 
 
          NOTE:  SCS RUNOFF CURVE NUMBER WAS COMPUTED FROM DEFAULT 
                   SOIL DATA BASE USING SOIL TEXTURE # 7 WITH BARE 
                   GROUND CONDITIONS, A SURFACE SLOPE OF  5.% AND 
                   A SLOPE LENGTH OF  300. FEET. 
 
         SCS RUNOFF CURVE NUMBER             =     88.50 
         FRACTION OF AREA ALLOWING RUNOFF    =    100.0    PERCENT 
         AREA PROJECTED ON HORIZONTAL PLANE  =      1.000  ACRES 
         EVAPORATIVE ZONE DEPTH              =     21.0    INCHES 
         INITIAL WATER IN EVAPORATIVE ZONE   =      5.935  INCHES 
         UPPER LIMIT OF EVAPORATIVE STORAGE  =     11.715  INCHES 
         LOWER LIMIT OF EVAPORATIVE STORAGE  =      1.941  INCHES 
         INITIAL SNOW WATER                  =      0.000  INCHES 
         INITIAL WATER IN LAYER MATERIALS    =    147.161  INCHES 
         TOTAL INITIAL WATER                 =    147.161  INCHES 
         TOTAL SUBSURFACE INFLOW             =      0.00   INCHES/YEAR 
 
 
                     EVAPOTRANSPIRATION AND WEATHER DATA  
                     ----------------------------------- 
 
          NOTE:  EVAPOTRANSPIRATION DATA WAS OBTAINED FROM 
                   GREENSBORO          NORTH CAROLINA       
 
              STATION LATITUDE                       =  35.13 DEGREES 
              MAXIMUM LEAF AREA INDEX                =   2.00 
              START OF GROWING SEASON (JULIAN DATE)  =     90 
              END OF GROWING SEASON (JULIAN DATE)    =    305 
              EVAPORATIVE ZONE DEPTH                 =  21.0  INCHES 
              AVERAGE ANNUAL WIND SPEED              =   7.60 MPH 
              AVERAGE 1ST QUARTER RELATIVE HUMIDITY  =  66.00 % 
              AVERAGE 2ND QUARTER RELATIVE HUMIDITY  =  68.00 % 
              AVERAGE 3RD QUARTER RELATIVE HUMIDITY  =  74.00 % 
              AVERAGE 4TH QUARTER RELATIVE HUMIDITY  =  70.00 % 
 
 
          NOTE:  PRECIPITATION DATA WAS SYNTHETICALLY GENERATED USING 
                   COEFFICIENTS FOR    GREENSBORO          NORTH CAROLINA       
 
                   NORMAL MEAN MONTHLY PRECIPITATION (INCHES) 
 
      JAN/JUL     FEB/AUG     MAR/SEP     APR/OCT     MAY/NOV     JUN/DEC 
      -------     -------     -------     -------     -------     ------- 
        3.51        3.37        3.88        3.16        3.37        3.93 
        4.27        4.19        3.64        3.18        2.59        3.38 
 
 
 
 
 
 
 
 
 

          NOTE:  TEMPERATURE DATA WAS SYNTHETICALLY GENERATED USING 
                   COEFFICIENTS FOR    GREENSBORO          NORTH CAROLINA       
 
              NORMAL MEAN MONTHLY TEMPERATURE (DEGREES FAHRENHEIT) 
 
      JAN/JUL     FEB/AUG     MAR/SEP     APR/OCT     MAY/NOV     JUN/DEC 
      -------     -------     -------     -------     -------     ------- 
       37.50       39.90       48.00       58.30       66.50       73.50 
       77.20       76.30       69.90       58.40       48.50       40.20 
 
 
 
          NOTE:  SOLAR RADIATION DATA WAS SYNTHETICALLY GENERATED USING 
                   COEFFICIENTS FOR    GREENSBORO          NORTH CAROLINA       
                     AND STATION LATITUDE  =  35.13 DEGREES 
 
 
 
 ******************************************************************************* 
          AVERAGE MONTHLY VALUES IN INCHES FOR YEARS    1 THROUGH   20 
 ------------------------------------------------------------------------------- 
  
                          JAN/JUL  FEB/AUG  MAR/SEP  APR/OCT  MAY/NOV  JUN/DEC 
                          -------  -------  -------  -------  -------  ------- 
   PRECIPITATION 
   ------------- 
     TOTALS                 2.70     3.27     4.10     2.81     3.05     3.96 
                            4.76     5.13     3.82     2.52     2.60     3.80 
  
     STD. DEVIATIONS        1.65     1.38     1.92     1.36     1.29     2.53 
                            1.98     2.38     2.39     1.71     1.91     1.80 
  
   RUNOFF 
   ------ 
     TOTALS                 0.120    0.200    0.316    0.110    0.112    0.232 
                            0.336    0.449    0.519    0.263    0.158    0.309 
  
     STD. DEVIATIONS        0.208    0.274    0.496    0.267    0.179    0.423 
                            0.504    0.593    0.575    0.378    0.489    0.335 
  
   EVAPOTRANSPIRATION 
   ------------------ 
     TOTALS                 1.349    1.634    2.907    3.066    3.578    4.300 
                            4.570    3.946    2.638    1.389    1.272    1.108 
  
     STD. DEVIATIONS        0.207    0.339    0.298    0.689    0.732    1.620 
                            1.578    1.249    1.105    0.327    0.276    0.176 
  
   LATERAL DRAINAGE COLLECTED FROM LAYER  3 
   ---------------------------------------- 
     TOTALS                 1.0902   1.3300   1.4278   1.5142   0.6997   0.1908 
                            0.1047   0.0775   0.0978   0.2900   0.3520   0.4789 
  
     STD. DEVIATIONS        0.7505   0.7768   0.7908   1.1762   0.9443   0.3403 
                            0.2336   0.2294   0.2023   0.4309   0.5725   0.5738 
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   PERCOLATION/LEAKAGE THROUGH LAYER  5 
   ------------------------------------ 
     TOTALS                 0.0000   0.0000   0.0000   0.0000   0.0000   0.0000 
                            0.0000   0.0000   0.0000   0.0000   0.0000   0.0000 
  
     STD. DEVIATIONS        0.0000   0.0000   0.0000   0.0000   0.0000   0.0000 
                            0.0000   0.0000   0.0000   0.0000   0.0000   0.0000 
  
 
 ------------------------------------------------------------------------------- 
                AVERAGES OF MONTHLY AVERAGED DAILY HEADS (INCHES) 
 ------------------------------------------------------------------------------- 
 
  
   DAILY AVERAGE HEAD ON TOP OF LAYER  4 
   ------------------------------------- 
     AVERAGES               0.0993   0.1330   0.1301   0.1425   0.0637   0.0180 
                            0.0095   0.0071   0.0092   0.0264   0.0331   0.0436 
  
     STD. DEVIATIONS        0.0684   0.0777   0.0720   0.1107   0.0860   0.0320 
                            0.0213   0.0209   0.0190   0.0393   0.0539   0.0523 
  
 ******************************************************************************* 
 
 
 
 ******************************************************************************* 
      AVERAGE ANNUAL TOTALS & (STD. DEVIATIONS) FOR YEARS    1 THROUGH   20 
 ------------------------------------------------------------------------------- 
                                      INCHES            CU. FEET       PERCENT 
                                -------------------   -------------   --------- 
  PRECIPITATION                  42.52    (   7.072)     154363.9     100.00 
  
  RUNOFF                          3.123   (  1.3489)      11335.94      7.344 
  
  EVAPOTRANSPIRATION             31.758   (  3.6232)     115283.19     74.683 
  
  LATERAL DRAINAGE COLLECTED      7.65362 (  3.08358)     27782.637   17.99814 
    FROM LAYER  3 
  
  PERCOLATION/LEAKAGE THROUGH     0.00002 (  0.00001)         0.071     0.00005 
    LAYER  5 
  
  AVERAGE HEAD ON TOP             0.060 (    0.024) 
    OF LAYER  4 
  
  CHANGE IN WATER STORAGE        -0.010   (  2.5869)        -37.89     -0.025 
  
 ******************************************************************************* 
 
 
 
  
 
 
 
 

 ****************************************************************************** 
                 PEAK DAILY VALUES FOR YEARS    1 THROUGH   20 
    ------------------------------------------------------------------------ 
                                                 (INCHES)      (CU. FT.) 
                                                ----------   ------------- 
       PRECIPITATION                              3.76         13648.800 
  
       RUNOFF                                     1.978         7181.7187 
  
       DRAINAGE COLLECTED FROM LAYER  3           0.16193        587.79944 
  
       PERCOLATION/LEAKAGE THROUGH LAYER  5       0.000000         0.00139 
  
       AVERAGE HEAD ON TOP OF LAYER  4            0.457 
  
       MAXIMUM HEAD ON TOP OF LAYER  4            0.869 
 
       LOCATION OF MAXIMUM HEAD IN LAYER  3 
             (DISTANCE FROM DRAIN)                9.8 FEET 
  
       SNOW WATER                                 2.87         10419.2432 
  
 
       MAXIMUM VEG. SOIL WATER (VOL/VOL)                  0.3435 
  
       MINIMUM VEG. SOIL WATER (VOL/VOL)                  0.0924 
  
 
        ***  Maximum heads are computed using McEnroe's equations.  *** 
 
             Reference:  Maximum Saturated Depth over Landfill Liner 
                         by Bruce M. McEnroe, University of Kansas 
                         ASCE Journal of Environmental Engineering 
                         Vol. 119, No. 2, March 1993, pp. 262-270. 
 
 ****************************************************************************** 
 
 
 ****************************************************************************** 
                    FINAL WATER STORAGE AT END OF YEAR   20 
     ---------------------------------------------------------------------- 
                     LAYER        (INCHES)       (VOL/VOL) 
                     -----        --------       --------- 
                       1            3.0290         0.2524 
 
                       2          142.6359         0.2972 
 
                       3            1.1376         0.0474 
 
                       4            0.0000         0.0000 
 
                       5            0.1500         0.7500 
 
                   SNOW WATER       0.000 
  
 ****************************************************************************** 
 ****************************************************************************** 
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SHEET: 1/6

DATE: 3/2/2012

BY: PKS

CHKD BY: LAQ

JOB NO: DAVDCO-10-5

Davidson County MSW Landfill - Phase 2 (North Side)
Leachate Pumping System Design

Objective: Design pumps and force main for north side of Phase 2 (4 Sumps). 

Given: 1.  Cell  Area: 14.7 AC ------> Assume largest cell and size all pumps same.  (Area 1)
2.  Normal Flow Condtions: 7,350 GPD ------> Assume 500 GAL/AC/DAY
3.  Peak Flow Conditions: 17,640 GPD ------> Assume 1,200 GAL/AC/DAY
4.  Minimum Flow Velocity: 2 fps ------> Ref. 3   (for "Self Cleaning")
5.  Maximum Flow Velocity: 5 fps ------> Ref. 3   (for "Water Hammer" Reduction)

Reference: 1.  Phase 2 - Area 2 PTC Drawings
2.  Driscopipe Design Manual
3.  "Pumping Station Design", 2nd Edition, Robert L. Sanks, Editor in Chief, 1998, by Butterworth Heineman.
4.  "Elements of Urban Stormwater Design", H. Rooney Malcom, NCSU

Calculations: Calculations are performed for the following managements system elements.

* Piping Requirements
* Pump Requirements
* System Cycle Time
* Riser Fit
* System Surge Pressures

1. Piping Requirements

-------> Determine Nominal Pumping Rate

The Nominal Pumping Rate is the greater of 2.5 times normal conditions or equal to peak conditions.

Therefore, @ Normal Conditions, Qreq = 13GPM and @ Peak Conditions, Qreq = 12GPM

Nominal Pumping Rate: 25 GPM (> Required = OK)

-------> Determine Typical Pipe Size:

Pipes are sized to keep flow velocities within GIVEN ranges to insure turbulent flow.

Use the Continuity Equation for incompressible Where: Q = Flowrate (cfs)
steady flow to determine flow velocity, Q = V*A V = Velocity (fps)

A = Area (square feet)

Standard Pipe Diameter (I.D.) = 2.084 inches ------> DR = 11
Nominal Pumping Rate, Q = 0.056 cfs

Area, A = 0.024 square feet
Velocity, V = 2.35 fps ------>  OK!

Therefore, Use 2 Inch - DR 11 Pipe

2.  Pump Requirements

Flow is desired in fully turbulent conditions.  The Reynolds, R, number is used to verify this condition as follows:

Reynolds Number, Re = V*D / Where: V = velocity, fps

D = pipe inside diameter, inches
 = kinematic viscosity, square feet per second

Velocity, V = 2.35 fps
Pipe Inside Diameter (I.D.) = 2.08 inches

kinematic viscosity,  = 5.58E-06 square feet per second ----->   App. A, Table A-9 @ 130 degrees - Ref. 3

Reynolds Number, Re = 73,189   > 10,000    OK ----->  Turbulent flow conditions exist

Pumps will be sized according to balance energy by the Bernoulli equation.  The equation has been modified as follows:

TDH = He + Hf + Hm Where: TDH = Total Dynamic Head, feet

He = Elevation Head, feet

Hf = Friction Head, feet

Hm = Minor Losses, feet

Calculations for these values are continued on a spreadsheet model of the system.  Please refer to Table 1 (attached).

Richardson Smith Gardner & Associates, Inc. Calculations - 1 PUMP SYSTEM



SHEET: 2/6

DATE: 3/2/2012

BY: PKS

JOB NO: DAVDCO-10-5

Davidson County MSW Landfill - Phase 2 (North Side)
Leachate Pumping System Design

3.  System Cycle Time

--------> Determine available storage if a wet well.

Bottom Elevation of Well = 0 FT -------> Ref. 1
Diameter of Well = 0 FT -------> Ref. 1

Top Elevation of Well = 0 FT -------> Ref. 1

Total Volume of Well = 0 CF
Total Volume of Well = 0 GAL

Pump ON Elevation = 0 FT
Pump OFF Elevation = 0 FT

Pump ON to OFF Volume = 0 GAL

--------> Determine available storage of a sideslope riser.

Storage volume is calculated according to the Average End Area Method.  Assumes 3:1 Sideslopes.

Contour Length Width Area Volume* Storage, S Storage, S Stage
Elevation (feet) (feet) (square feet) (cubic feet) (cubic feet) (gallons) Z

0.0 16.0 16.0 256 0 0 0.0
0.5 19.0 19.0 361 154 154 1,154 0.5
1.0 22.0 22.0 484 211 366 2,734 1.0
1.5 25.0 25.0 625 277 643 4,808 1.5
2.0 28.0 28.0 784 352 995 7,443 2.0

Note:
* Calculated according to Average End Area Method

Available Volume = 841 cubic feet 6,289 gallons
  Minimum liquid elevation = 0.50 feet above bottom

The sump is filled with No. 57 Stone therefore volume is reduced.  The assumed porosity of the stone is 30%.

If pumps cycle through one (1) foot of elevation volume is 7,443 GAL - 2,734 GAL = 4,709 GALLONS
@ 30% porsity -------->  Available Volume = 622 GALLONS

--------> Determine Cycle Time

The pumps should not operate more than 9 times per hour.  Minimum cycle time will be determined by the equation below:  -------> Sanks, Ref. 3

t = V/(Q-S) + V/S where: t = Cycle time (min)
V = Volume of Liquid (gallons)
Q = Pumping rate (GPM)
S = Inflow (GPM)

Therefore, V = 622 GAL ----> from above
Q = 25 GPM  ------> Nominal Pumping Rate
S = 5 GPM  ------> Normal Flow Conditions

t = 153 minutes

Pump will start once every 3 hours

Pump drawdown time will be 31 minutes

4.  Riser Fit

--------> Determine minimum dimensions of sideslope riser pipe to allow pump to fit and manage turn at the bottom of the slope

At half of the pump length (L/2), the pump will equally straddle the turn in the pipe and will be at its closest point to the upper edge 
of the interior of the pipe riser.  This value will be compared with the available space with a Factor of Safety of 10% for pipe irregularities.

Pipe Dimensions: Standard Pipe Sizes:

Riser Slope: 3 H to 1 V
Inside* 

Diameter 
Design 
Ratio

Nominal 
Pipe Size

Riser Pipe I.D. = 15.882 inches ----->  AVAILABLE (inches) (DR) (inches)

Pump Dimensions: 10.432 11 12
Pump Length, L = 48.8 inches ------> Leachator Model # LPS060MSTG3X050-07 11.250 17 12

Total Width 8 inches ------> doubled to account for carriage 14.728 11 18
Clearance = 3.92 inches 15.882 17 18

* 19.636 11 24
Riser Fit ? OK ----> USE 18 inch HDPE DR 17 PIPE 21.176 17 24

* Ref. 2

Richardson Smith Gardner & Associates, Inc. Calculations - 2 PUMP SYSTEM
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BY: PKS

JOB NO: DAVDCO-10-5

Davidson County MSW Landfill - Phase 2 (North Side)
Leachate Pumping System Design

5. System Surge Pressures

--------> Determine if pipe is sufficient strength to withstand system surges.

System surge pressure is determined by the equation:

P = (a/g)*(v/2.31) ------->Ref. 3, pg. 143.
Where: P = Pressure (psi)

a = Pressure wave velocity (fps)
v = Change in velocity (fps)
g = acceleration of gravity (32.1 ft/sec^2)

and

a = 4822/(1+k/E*(D/t)*C2)^0.5 ------->Ref. 3, pg. 144.

Where: k = Bulk modulus of water (psi)
E = Pipe modulus of elasticity (psi)
D = Internal diameter of pipe (inches)
t = Pipe wall thickness (inches)
C2 = Constant dependent upon pipe constraints

 = poisson's ratio, use 0.45 for HDPE pipe (buried), Table 6-1, Ref. 2

k = 296,000 psi  ------> App. A, Table A-9 @ 40oF  - Ref. 3 Conservative Case
E = 100,000 psi  ------> HDPE , Ref. 2
v = 5 fps ------> Maximum allowable velocity
 =  0.45

C2 = 0.80

FS = 1.5 Minimum Allowable

P(allowable) 
Ref. 2

Design 
Ratio

Nominal 
Pipe Size

Outside 
Diameter

Inside 
Diameter 

Pipe Wall 
Thickness

Pressure 
Wave 

Velocity Pressure
Factor of 

Safety Comment
(psi) (DR) (inches) (inches) (inches) (inches) (fps) (psi)

267 7 2 2.375 1.697 0.339 1347 91 2.94 OKAY
200 9 2 2.375 1.847 0.264 1152 78 2.57 OKAY
160 11 2 2.375 1.943 0.216 1023 69 2.32 OKAY
128 13.5 2 2.375 2.023 0.176 909 61 2.09 OKAY
110 15.5 2 2.375 2.069 0.153 840 57 1.94 OKAY
100 17 2 2.375 2.095 0.140 800 54 1.85 OKAY
267 7 3 3.500 2.500 0.500 1348 91 2.94 OKAY
200 9 3 3.500 2.722 0.389 1152 78 2.57 OKAY
160 11 3 3.500 2.864 0.318 1022 69 2.32 OKAY
128 13.5 3 3.500 2.982 0.259 908 61 2.09 OKAY
110 15.5 3 3.500 3.048 0.226 841 57 1.94 OKAY
100 17 3 3.500 3.088 0.206 799 54 1.86 OKAY
89 19 3 3.500 3.132 0.184 751 51 1.76 OKAY
80 21 3 3.500 3.166 0.167 713 48 1.66 OKAY
64 26 3 3.500 3.230 0.135 636 43 1.49 NO GOOD
51 32.5 3 3.500 3.284 0.108 565 38 1.34 NO GOOD
267 7 4 4.500 3.214 0.643 1348 91 2.94 OKAY
200 9 4 4.500 3.500 0.500 1152 78 2.57 OKAY
160 11 4 4.500 3.682 0.409 1022 69 2.32 OKAY
128 13.5 4 4.500 3.834 0.333 908 61 2.09 OKAY
110 15.5 4 4.500 3.020 0.290 953 64 1.71 OKAY
100 17 4 4.500 3.970 0.265 800 54 1.85 OKAY
89 19 4 4.500 4.026 0.237 752 51 1.75 OKAY
80 21 4 4.500 4.072 0.214 712 48 1.67 OKAY
64 26 4 4.500 4.154 0.173 635 43 1.49 NO GOOD
51 32.5 4 4.500 4.224 0.138 563 38 2.68 OKAY
267 7 6 6.625 4.733 0.946 1347 91 5.88 OKAY
200 9 6 6.625 5.153 0.736 1152 78 5.15 OKAY
160 11 6 6.625 5.421 0.602 1022 69 4.64 OKAY
128 13.5 6 6.625 5.643 0.491 909 61 4.18 OKAY
110 15.5 6 6.625 5.771 0.427 841 57 3.88 OKAY
100 17 6 6.625 5.845 0.390 799 54 3.71 OKAY
89 19 6 6.625 5.927 0.349 752 51 3.51 OKAY
80 21 6 6.625 5.995 0.315 712 48 3.33 OKAY
64 26 6 6.625 6.115 0.255 635 43 2.99 OKAY
51 32.5 6 6.625 6.217 0.204 565 38 2.68 OKAY

Richardson Smith Gardner & Associates, Inc. Calculations - 3 PUMP SYSTEM
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JOB NO: DAVDCO-10-5

Davidson County MSW Landfill - Phase 2 (North Side)
Leachate Pumping System Design

Section Section 3. Total 4.  Velocity 4a.  Pipe 5.  Pipe 6.  Pipe 7.  Friction Loss 8.  Sum of Energy 9.  Minor Losses 10.  Elevation 10.  Additional 11.  Sum of 12.  Subtotal 13.  Total

From To Flow (1) Slope Size Length (2) Loss Coefficients (3) (4) Head (5) Pressures Losses Dynamic Head Dynamic Head

(GPM) (FPS) (%) (IN) (FT) (PSI) (K) (PSI) (FT) (PSI) (PSI) (FT) (FT)

Area 7 Area 1 50 2.49 N/A 2.864 1,200 6.39 8 0.77 18 0.00 14.95 34.51

Area 1 Area 2 75 3.74 N/A 2.864 400 4.52 4 0.87 18 0.00 13.18 30.40

Area 2 Area 3 - Cell 1 100 4.98 N/A 2.864 950 18.24 4 1.54 22 0.00 29.31 67.64 134

Area 3 - Cell 1 Storage Tank A 125 3.77 N/A 3.682 950 8.12 6 1.32 45 0.00 28.92 66.75 (Area 2 Pumps)

Pipe Roughness, C = 120 -----> Conservative for HDPE Pipe, Ref. 2

Manning's Roughness, n = 0.009 -----> Recommended for HDPE Pipe, Ref. 2

Notes: 1.  Velocity determined by V = Q/A for forced systems and by V = (sqrt (slope)*D^(2/3))/(8.9*n) for gravity systems
2.  Friction losses determined by Hazen-Williams Formula.
3.  Enegy Loss Coefficient, K was calculated according to values in Tables B-6 and B-7, "Pumping Station Design", 2nd Edition by Robert L. Sanks.

4.  Minor losses determined by a portion of  Bernoulli's Principle (kv2/2g).
5. Elevation head determined from the site plan.

Pump Schedule:

Area 2 Sump Pump --->   USE LEACHATOR PUMP MODEL  LPS060MSTG3X050-07 ---> SeeAttached Pump Curve
(Same as Area 1 Pumps)

Richardson Smith Gardner & Associates, Inc. Calculations - 4 PUMP SYSTEM
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Davidson County MSW Landfill - Phase 2 (North Side)
Leachate Pumping System Design

Section Section 3. Total 4.  Velocity 4a.  Pipe 5.  Pipe 6.  Pipe 7.  Friction Loss 8.  Sum of Energy 9.  Minor Losses 10.  Elevation 10.  Additional 11.  Sum of 12.  Subtotal 13.  Total

From To Flow (1) Slope Size Length (2) Loss Coefficients (3) (4) Head (5) Pressures Losses Dynamic Head Dynamic Head

(GPM) (FPS) (%) (IN) (FT) (PSI) (K) (PSI) (FT) (PSI) (PSI) (FT) (FT)

AREA 2 ONLY

Area 2 Pump Area 2 FM Tie-In 50 5.41 N/A 1.943 150 5.29 8 3.64 15 0.00 15.42 35.59 119

Area 2 FM Tie-In 3" FM 50 2.49 N/A 2.864 950 5.06 4 0.39 22 0.00 14.97 34.55

3" FM Storage Tank A 50 1.51 N/A 3.682 950 1.49 6 0.21 45 0.00 21.18 48.88

Pipe Roughness, C = 120 -----> Conservative for HDPE Pipe, Ref. 2

Manning's Roughness, n = 0.009 -----> Recommended for HDPE Pipe, Ref. 2

Notes: 1.  Velocity determined by V = Q/A for forced systems and by V = (sqrt (slope)*D^(2/3))/(8.9*n) for gravity systems
2.  Friction losses determined by Hazen-Williams Formula.
3.  Enegy Loss Coefficient, K was calculated according to values in Tables B-6 and B-7, "Pumping Station Design", 2nd Edition by Robert L. Sanks.

4.  Minor losses determined by a portion of  Bernoulli's Principle (kv2/2g).
5. Elevation head determined from the site plan.

Pump Schedule:

Phase 4 Sump Pump --->   USE LEACHATOR PUMP MODEL  LPS060MSTG3X050-07 ---> SeeAttached Pump Curve
(Same as Area 1 Pumps)

Minor Loss Calculator Minor Summary

Fitting Quantity Sum of K K - Value Valve Quantity Sum of K K - Value
(note 1) (note 1) From To K (Total)

Entrance 1 0.50 0.50 Angle 0 0.00 1.80
Exit 1 1.00 1.00 Ball 1 0.04 0.04 Area 2 A2 FM Tie-In 8 (5 + Flowmeter)
22.5 Bend 0 0.00 0.08 Butterfly (150 lb CL) 0 0.00 0.35 A2 FM Tie-In 3" FM 4 (2 Actual)
45 Bend 0 0.00 0.20 Check (ball) 0 0.00 1.00 3" FM Storage Tank A 6 (2 Actual + Air Release)
90 Bend 0 0.00 0.80 Check (globe) 0 0.00 2.60
90 Elbow 0 0.00 0.25 Check (double) 0 0.00 2.50
90 Elbow (long radius) 0 0.00 0.18 Foot 0 0.00 1.00
45 Elbow 0 0.00 0.18 Check (rubber) 0 0.00 2.00
Return Bend 0 0.00 0.40 Check (slanting disc) 0 0.00 1.00
Tee (line flow) 0 0.00 0.30 Check (swing) 0 0.00 1.00
Tee (branch flow) 1 0.75 0.75 Cone 0 0.00 0.04
Cross (line flow) 0 0.00 0.50 Diaphragm 0 0.00 0.25
Cross (branch flow) 0 0.00 0.75 Gate 0 0.00 0.20
45 Wye 0 0.00 0.50 Globe 0 0.00 5.00

Knife Gate 0 0.00 0.20
Plug 0 0.00 1.00

Sum of K (Fittings) = 2 Sum of K (Valves) = 0

Total Sum of Energy Loss, K = 2

Notes:

Section

Richardson Smith Gardner & Associates, Inc. Calculations - 5 PUMP SYSTEM
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PROJECT  Davidson County MSWLF - Phase 2

SUBJECT  Final Cover Infiltration Analysis

SHEET     1       OF     13
JOB NO.     DAVDCO-10-5
DATE           3/2/12
COMPUTED BY    PKS
CHECKED BY    LAQ

Objective To determine the expected average annual infiltration into the landfill through the proposed final
cover system.  In that the proposed final cover system is an alternate system to the regulatory final
cover, the infiltration through the proposed system is compared to the infiltration through the
regulatory system.  Use the EPA HELP Model (v. 3.07) in the analysis.

References Schroeder, P.R., Lloyd, C.M., et. al, (1994), “The Hydrologic Evaluation of Landfill Performance
(HELP) Model - User’s Guide for Version 3,” EPA/600/9-94/168a, USEPA Risk Reduction
Laboratory, Cincinnati, Ohio.

Schroeder, P.R., Lloyd, C.M., et. al, (1994), “The Hydrologic Evaluation of Landfill Performance
(HELP) Model - Engineering Documentation for Version 3,” EPA/600/9-94/168b, USEPA Risk
Reduction Laboratory, Cincinnati, Ohio.

Analysis Final Cover Systems Analyzed:

1.  Proposed Final Cover System:  (Top Down)

A. 24 inches Vegetative Soil Layer
B. Drainage Geocomposite
C. 30 mil Textured LLDPE Geomembrane
D. 12 inches Intermediate Cover

2.  Regulatory Final Cover System: (Top Down)

A. 24 inches Vegetative Soil Layer
B. 30 mil LLDPE Geomembrane
C. 18 inches Compacted Soil Barrier (k = 1 x 10-5 cm/sec)
D. 12 inches Intermediate Cover

Results        Slope of Final   Average Annual
Case Cover System (percent) Infiltration (inches)

  1.   8.0 0.024
  1A. 25.0 0.024
  2.   8.0 0.586
  2A. 25.0 0.587

The results show that the proposed final cover system allows less infiltration than the regulatory
final cover system.  HELP Model runs are attached.

FCS HELP.WPD

RICHARDSON SMITH GARDNER & ASSOCIATES
Engineering and Geological Services
14 N. Boylan Avenue, Raleigh, NC  27603
Telephone: (919) 828-0577



 
 ****************************************************************************** 
 ****************************************************************************** 
 **                                                                          ** 
 **                                                                          ** 
 **              HYDROLOGIC EVALUATION OF LANDFILL PERFORMANCE               ** 
 **                HELP MODEL VERSION 3.07  (1 NOVEMBER 1997)                ** 
 **                  DEVELOPED BY ENVIRONMENTAL LABORATORY                   ** 
 **                    USAE WATERWAYS EXPERIMENT STATION                     ** 
 **             FOR USEPA RISK REDUCTION ENGINEERING LABORATORY              ** 
 **                                                                          ** 
 **                                                                          ** 
 ****************************************************************************** 
 ****************************************************************************** 
 
 
 
 PRECIPITATION DATA FILE:    C:\PROGRA~1\HELP3\GBRONCP.D4                       
 TEMPERATURE DATA FILE:      C:\PROGRA~1\HELP3\GBRONCT.D7                       
 SOLAR RADIATION DATA FILE:  C:\PROGRA~1\HELP3\GBRONCS.D13                      
 EVAPOTRANSPIRATION DATA:    C:\PROGRA~1\HELP3\GBRONCE.D11                      
 SOIL AND DESIGN DATA FILE:  C:\PROGRA~1\HELP3\DCCLD08.D10                      
 OUTPUT DATA FILE:           C:\PROGRA~1\HELP3\DCCLD08.OUT                      
 
 
 TIME:  11:57     DATE:   5/16/2012 
 
 
  ****************************************************************************** 
 
      TITLE:  Davidson County MSWLF - Ph. 2- 8% Slope - Final Cover        
 
 ****************************************************************************** 
 
 
      NOTE:  INITIAL MOISTURE CONTENT OF THE LAYERS AND SNOW WATER WERE 
               COMPUTED AS NEARLY STEADY-STATE VALUES BY THE PROGRAM. 
 
 
                                    LAYER  1 
                                    -------- 
 
                      TYPE 1 - VERTICAL PERCOLATION LAYER 
                          MATERIAL TEXTURE NUMBER  10 
            THICKNESS                   =     24.00   INCHES 
            POROSITY                    =      0.3980 VOL/VOL 
            FIELD CAPACITY              =      0.2440 VOL/VOL 
            WILTING POINT               =      0.1360 VOL/VOL 
            INITIAL SOIL WATER CONTENT  =      0.2918 VOL/VOL 
            EFFECTIVE SAT. HYD. COND.   =  0.119999997000E-03 CM/SEC 
          NOTE:  SATURATED HYDRAULIC CONDUCTIVITY IS MULTIPLIED BY  3.00 
                   FOR ROOT CHANNELS IN TOP HALF OF EVAPORATIVE ZONE. 
 
 
 
 
  

                                    LAYER  2 
                                    -------- 
 
                        TYPE 2 - LATERAL DRAINAGE LAYER 
                          MATERIAL TEXTURE NUMBER  20 
            THICKNESS                   =      0.25   INCHES 
            POROSITY                    =      0.8500 VOL/VOL 
            FIELD CAPACITY              =      0.0100 VOL/VOL 
            WILTING POINT               =      0.0050 VOL/VOL 
            INITIAL SOIL WATER CONTENT  =      0.0156 VOL/VOL 
            EFFECTIVE SAT. HYD. COND.   =   10.0000000000     CM/SEC 
            SLOPE                       =      8.00   PERCENT 
            DRAINAGE LENGTH             =    100.0    FEET 
 
 
                                    LAYER  3 
                                    -------- 
 
                        TYPE 4 - FLEXIBLE MEMBRANE LINER 
                          MATERIAL TEXTURE NUMBER  36 
            THICKNESS                   =      0.03   INCHES 
            POROSITY                    =      0.0000 VOL/VOL 
            FIELD CAPACITY              =      0.0000 VOL/VOL 
            WILTING POINT               =      0.0000 VOL/VOL 
            INITIAL SOIL WATER CONTENT  =      0.0000 VOL/VOL 
            EFFECTIVE SAT. HYD. COND.   =  0.399999993000E-12 CM/SEC 
            FML PINHOLE DENSITY         =      1.00   HOLES/ACRE 
            FML INSTALLATION DEFECTS    =      8.00   HOLES/ACRE 
            FML PLACEMENT QUALITY       =  3 - GOOD      
 
 
                                    LAYER  4 
                                    -------- 
 
                      TYPE 1 - VERTICAL PERCOLATION LAYER 
                          MATERIAL TEXTURE NUMBER  10 
            THICKNESS                   =     12.00   INCHES 
            POROSITY                    =      0.3980 VOL/VOL 
            FIELD CAPACITY              =      0.2440 VOL/VOL 
            WILTING POINT               =      0.1360 VOL/VOL 
            INITIAL SOIL WATER CONTENT  =      0.2184 VOL/VOL 
            EFFECTIVE SAT. HYD. COND.   =  0.119999997000E-03 CM/SEC 
 
 
 
 
                    GENERAL DESIGN AND EVAPORATIVE ZONE DATA 
                    ---------------------------------------- 
 
          NOTE:  SCS RUNOFF CURVE NUMBER WAS COMPUTED FROM DEFAULT 
                   SOIL DATA BASE USING SOIL TEXTURE #10 WITH A 
                   FAIR STAND OF GRASS, A SURFACE SLOPE OF  8.% 
                   AND A SLOPE LENGTH OF  100. FEET. 
 
         SCS RUNOFF CURVE NUMBER             =     87.00 
         FRACTION OF AREA ALLOWING RUNOFF    =    100.0    PERCENT 
         AREA PROJECTED ON HORIZONTAL PLANE  =      1.000  ACRES 
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         EVAPORATIVE ZONE DEPTH              =     21.0    INCHES 
         INITIAL WATER IN EVAPORATIVE ZONE   =      6.106  INCHES 
         UPPER LIMIT OF EVAPORATIVE STORAGE  =      8.358  INCHES 
         LOWER LIMIT OF EVAPORATIVE STORAGE  =      2.856  INCHES 
         INITIAL SNOW WATER                  =      0.000  INCHES 
         INITIAL WATER IN LAYER MATERIALS    =      9.628  INCHES 
         TOTAL INITIAL WATER                 =      9.628  INCHES 
         TOTAL SUBSURFACE INFLOW             =      0.00   INCHES/YEAR 
 
 
                     EVAPOTRANSPIRATION AND WEATHER DATA  
                     ----------------------------------- 
 
          NOTE:  EVAPOTRANSPIRATION DATA WAS OBTAINED FROM 
                   GREENSBORO          NORTH CAROLINA       
 
              STATION LATITUDE                       =  35.13 DEGREES 
              MAXIMUM LEAF AREA INDEX                =   2.00 
              START OF GROWING SEASON (JULIAN DATE)  =     90 
              END OF GROWING SEASON (JULIAN DATE)    =    305 
              EVAPORATIVE ZONE DEPTH                 =  21.0  INCHES 
              AVERAGE ANNUAL WIND SPEED              =   7.60 MPH 
              AVERAGE 1ST QUARTER RELATIVE HUMIDITY  =  66.00 % 
              AVERAGE 2ND QUARTER RELATIVE HUMIDITY  =  68.00 % 
              AVERAGE 3RD QUARTER RELATIVE HUMIDITY  =  74.00 % 
              AVERAGE 4TH QUARTER RELATIVE HUMIDITY  =  70.00 % 
 
 
          NOTE:  PRECIPITATION DATA WAS SYNTHETICALLY GENERATED USING 
                   COEFFICIENTS FOR    GREENSBORO          NORTH CAROLINA       
 
                   NORMAL MEAN MONTHLY PRECIPITATION (INCHES) 
 
      JAN/JUL     FEB/AUG     MAR/SEP     APR/OCT     MAY/NOV     JUN/DEC 
      -------     -------     -------     -------     -------     ------- 
        3.51        3.37        3.88        3.16        3.37        3.93 
        4.27        4.19        3.64        3.18        2.59        3.38 
 
 
          NOTE:  TEMPERATURE DATA WAS SYNTHETICALLY GENERATED USING 
                   COEFFICIENTS FOR    GREENSBORO          NORTH CAROLINA       
 
              NORMAL MEAN MONTHLY TEMPERATURE (DEGREES FAHRENHEIT) 
 
      JAN/JUL     FEB/AUG     MAR/SEP     APR/OCT     MAY/NOV     JUN/DEC 
      -------     -------     -------     -------     -------     ------- 
       37.50       39.90       48.00       58.30       66.50       73.50 
       77.20       76.30       69.90       58.40       48.50       40.20 
 
 
          NOTE:  SOLAR RADIATION DATA WAS SYNTHETICALLY GENERATED USING 
                   COEFFICIENTS FOR    GREENSBORO          NORTH CAROLINA       
                     AND STATION LATITUDE  =  35.13 DEGREES 
 
 
 
  

 ******************************************************************************* 
          AVERAGE MONTHLY VALUES IN INCHES FOR YEARS    1 THROUGH   20 
 ------------------------------------------------------------------------------- 
  
                          JAN/JUL  FEB/AUG  MAR/SEP  APR/OCT  MAY/NOV  JUN/DEC 
                          -------  -------  -------  -------  -------  ------- 
   PRECIPITATION 
   ------------- 
     TOTALS                 2.70     3.27     4.10     2.81     3.05     3.96 
                            4.76     5.13     3.82     2.52     2.60     3.80 
  
     STD. DEVIATIONS        1.65     1.38     1.92     1.36     1.29     2.53 
                            1.98     2.38     2.39     1.71     1.91     1.80 
  
   RUNOFF 
   ------ 
     TOTALS                 0.148    0.212    0.351    0.099    0.100    0.236 
                            0.299    0.406    0.492    0.263    0.167    0.351 
  
     STD. DEVIATIONS        0.276    0.271    0.593    0.244    0.182    0.489 
                            0.470    0.570    0.560    0.392    0.536    0.417 
  
   EVAPOTRANSPIRATION 
   ------------------ 
     TOTALS                 1.363    1.642    2.922    3.028    3.488    3.724 
                            4.437    3.921    2.642    1.365    1.299    1.125 
  
     STD. DEVIATIONS        0.201    0.339    0.293    0.719    0.825    1.690 
                            1.519    1.226    1.130    0.444    0.310    0.187 
  
   LATERAL DRAINAGE COLLECTED FROM LAYER  2 
   ---------------------------------------- 
     TOTALS                 1.5648   1.1607   1.5259   0.4035   0.1413   0.1093 
                            0.1415   0.1862   0.3691   0.6745   0.5711   1.5943 
  
     STD. DEVIATIONS        1.6306   0.9030   1.1253   0.4736   0.3726   0.2363 
                            0.3708   0.3958   0.6838   0.7694   0.9647   1.2132 
  
   PERCOLATION/LEAKAGE THROUGH LAYER  3 
   ------------------------------------ 
     TOTALS                 0.0002   0.0001   0.0002   0.0001   0.0000   0.0000 
                            0.0000   0.0000   0.0000   0.0001   0.0001   0.0002 
  
     STD. DEVIATIONS        0.0001   0.0001   0.0001   0.0001   0.0000   0.0000 
                            0.0000   0.0000   0.0001   0.0001   0.0001   0.0001 
  
   PERCOLATION/LEAKAGE THROUGH LAYER  4 
   ------------------------------------ 
     TOTALS                 0.0043   0.0028   0.0036   0.0020   0.0008   0.0010 
                            0.0012   0.0008   0.0009   0.0022   0.0021   0.0023 
  
     STD. DEVIATIONS        0.0062   0.0033   0.0053   0.0022   0.0015   0.0016 
                            0.0018   0.0012   0.0010   0.0034   0.0029   0.0021 
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 ------------------------------------------------------------------------------- 
                AVERAGES OF MONTHLY AVERAGED DAILY HEADS (INCHES) 
 ------------------------------------------------------------------------------- 
 
  
   DAILY AVERAGE HEAD ON TOP OF LAYER  3 
   ------------------------------------- 
     AVERAGES               0.0011   0.0009   0.0011   0.0003   0.0001   0.0001 
                            0.0001   0.0001   0.0003   0.0005   0.0004   0.0011 
  
     STD. DEVIATIONS        0.0012   0.0007   0.0008   0.0004   0.0003   0.0002 
                            0.0003   0.0003   0.0005   0.0006   0.0007   0.0009 
  
 ******************************************************************************* 
 
 
 
 ******************************************************************************* 
      AVERAGE ANNUAL TOTALS & (STD. DEVIATIONS) FOR YEARS    1 THROUGH   20 
 ------------------------------------------------------------------------------- 
                                      INCHES            CU. FEET       PERCENT 
                                -------------------   -------------   --------- 
  PRECIPITATION                  42.52    (   7.072)     154363.9     100.00 
  
  RUNOFF                          3.123   (  1.4142)      11335.39      7.343 
  
  EVAPOTRANSPIRATION             30.958   (  3.5686)     112377.88     72.801 
  
  LATERAL DRAINAGE COLLECTED      8.44215 (  3.22975)     30645.012   19.85244 
    FROM LAYER  2 
  
  PERCOLATION/LEAKAGE THROUGH     0.00100 (  0.00034)         3.637     0.00236 
    LAYER  3 
  
  AVERAGE HEAD ON TOP             0.001 (    0.000) 
    OF LAYER  3 
  
  PERCOLATION/LEAKAGE THROUGH     0.02408 (  0.02864)        87.413     0.05663 
    LAYER  4 
  
  CHANGE IN WATER STORAGE        -0.023   (  0.9225)        -81.76     -0.053 
  
 ******************************************************************************* 
 
 
 
  
 ****************************************************************************** 
                 PEAK DAILY VALUES FOR YEARS    1 THROUGH   20 
    ------------------------------------------------------------------------ 
                                                 (INCHES)      (CU. FT.) 
                                                ----------   ------------- 
       PRECIPITATION                              3.76         13648.800 
  
       RUNOFF                                     2.266         8226.2812 
  
       DRAINAGE COLLECTED FROM LAYER  2           0.93464       3392.73901 

  
       PERCOLATION/LEAKAGE THROUGH LAYER  3       0.000063         0.22898 
  
       AVERAGE HEAD ON TOP OF LAYER  3            0.021 
  
       MAXIMUM HEAD ON TOP OF LAYER  3            0.040 
 
       LOCATION OF MAXIMUM HEAD IN LAYER  2 
             (DISTANCE FROM DRAIN)                2.7 FEET 
  
       PERCOLATION/LEAKAGE THROUGH LAYER  4       0.000998         3.62367 
  
       SNOW WATER                                 2.87         10419.2432 
  
 
       MAXIMUM VEG. SOIL WATER (VOL/VOL)                  0.3485 
  
       MINIMUM VEG. SOIL WATER (VOL/VOL)                  0.1360 
  
 
        ***  Maximum heads are computed using McEnroe's equations.  *** 
 
             Reference:  Maximum Saturated Depth over Landfill Liner 
                         by Bruce M. McEnroe, University of Kansas 
                         ASCE Journal of Environmental Engineering 
                         Vol. 119, No. 2, March 1993, pp. 262-270. 
 
 ****************************************************************************** 
 
 
 ****************************************************************************** 
                    FINAL WATER STORAGE AT END OF YEAR   20 
     ---------------------------------------------------------------------- 
                     LAYER        (INCHES)       (VOL/VOL) 
                     -----        --------       --------- 
                       1            7.0117         0.2922 
 
                       2            0.0070         0.0279 
 
                       3            0.0000         0.0000 
 
                       4            2.1587         0.1799 
 
                   SNOW WATER       0.000 
  
 ****************************************************************************** 
 ****************************************************************************** 
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 ****************************************************************************** 
 ****************************************************************************** 
 **                                                                          ** 
 **                                                                          ** 
 **              HYDROLOGIC EVALUATION OF LANDFILL PERFORMANCE               ** 
 **                HELP MODEL VERSION 3.07  (1 NOVEMBER 1997)                ** 
 **                  DEVELOPED BY ENVIRONMENTAL LABORATORY                   ** 
 **                    USAE WATERWAYS EXPERIMENT STATION                     ** 
 **             FOR USEPA RISK REDUCTION ENGINEERING LABORATORY              ** 
 **                                                                          ** 
 **                                                                          ** 
 ****************************************************************************** 
 ****************************************************************************** 
 
 
 
 PRECIPITATION DATA FILE:    C:\PROGRA~1\HELP3\GBRONCP.D4                       
 TEMPERATURE DATA FILE:      C:\PROGRA~1\HELP3\GBRONCT.D7                       
 SOLAR RADIATION DATA FILE:  C:\PROGRA~1\HELP3\GBRONCS.D13                      
 EVAPOTRANSPIRATION DATA:    C:\PROGRA~1\HELP3\GBRONCE.D11                      
 SOIL AND DESIGN DATA FILE:  C:\PROGRA~1\HELP3\DCCLD25.D10                      
 OUTPUT DATA FILE:           C:\PROGRA~1\HELP3\DCCLD25.OUT                      
 
 
 TIME:  11:58     DATE:   5/16/2012 
 
 
 ****************************************************************************** 
 
      TITLE:  Davidson County MSWLF - Ph. 2- 25% Slope - Final Cover       
 
 ****************************************************************************** 
 
 
 
      NOTE:  INITIAL MOISTURE CONTENT OF THE LAYERS AND SNOW WATER WERE 
               COMPUTED AS NEARLY STEADY-STATE VALUES BY THE PROGRAM. 
 
 
  
                                    LAYER  1 
                                    -------- 
 
                      TYPE 1 - VERTICAL PERCOLATION LAYER 
                          MATERIAL TEXTURE NUMBER  10 
            THICKNESS                   =     24.00   INCHES 
            POROSITY                    =      0.3980 VOL/VOL 
            FIELD CAPACITY              =      0.2440 VOL/VOL 
            WILTING POINT               =      0.1360 VOL/VOL 
            INITIAL SOIL WATER CONTENT  =      0.2919 VOL/VOL 
            EFFECTIVE SAT. HYD. COND.   =  0.119999997000E-03 CM/SEC 
          NOTE:  SATURATED HYDRAULIC CONDUCTIVITY IS MULTIPLIED BY  3.00 
                   FOR ROOT CHANNELS IN TOP HALF OF EVAPORATIVE ZONE. 
 
 
 

                                    LAYER  2 
                                    -------- 
 
                        TYPE 2 - LATERAL DRAINAGE LAYER 
                          MATERIAL TEXTURE NUMBER  20 
            THICKNESS                   =      0.25   INCHES 
            POROSITY                    =      0.8500 VOL/VOL 
            FIELD CAPACITY              =      0.0100 VOL/VOL 
            WILTING POINT               =      0.0050 VOL/VOL 
            INITIAL SOIL WATER CONTENT  =      0.0128 VOL/VOL 
            EFFECTIVE SAT. HYD. COND.   =   10.0000000000     CM/SEC 
            SLOPE                       =     25.00   PERCENT 
            DRAINAGE LENGTH             =    150.0    FEET 
 
 
                                    LAYER  3 
                                    -------- 
 
                        TYPE 4 - FLEXIBLE MEMBRANE LINER 
                          MATERIAL TEXTURE NUMBER  36 
            THICKNESS                   =      0.03   INCHES 
            POROSITY                    =      0.0000 VOL/VOL 
            FIELD CAPACITY              =      0.0000 VOL/VOL 
            WILTING POINT               =      0.0000 VOL/VOL 
            INITIAL SOIL WATER CONTENT  =      0.0000 VOL/VOL 
            EFFECTIVE SAT. HYD. COND.   =  0.399999993000E-12 CM/SEC 
            FML PINHOLE DENSITY         =      1.00   HOLES/ACRE 
            FML INSTALLATION DEFECTS    =      8.00   HOLES/ACRE 
            FML PLACEMENT QUALITY       =  3 - GOOD      
 
 
                                    LAYER  4 
                                    -------- 
 
                      TYPE 1 - VERTICAL PERCOLATION LAYER 
                          MATERIAL TEXTURE NUMBER  10 
            THICKNESS                   =     12.00   INCHES 
            POROSITY                    =      0.3980 VOL/VOL 
            FIELD CAPACITY              =      0.2440 VOL/VOL 
            WILTING POINT               =      0.1360 VOL/VOL 
            INITIAL SOIL WATER CONTENT  =      0.2185 VOL/VOL 
            EFFECTIVE SAT. HYD. COND.   =  0.119999997000E-03 CM/SEC 
 
 
 
                    GENERAL DESIGN AND EVAPORATIVE ZONE DATA 
                    ---------------------------------------- 
 
          NOTE:  SCS RUNOFF CURVE NUMBER WAS COMPUTED FROM DEFAULT 
                   SOIL DATA BASE USING SOIL TEXTURE #10 WITH A 
                   FAIR STAND OF GRASS, A SURFACE SLOPE OF 25.% 
                   AND A SLOPE LENGTH OF  150. FEET. 
 
         SCS RUNOFF CURVE NUMBER             =     87.10 
         FRACTION OF AREA ALLOWING RUNOFF    =    100.0    PERCENT 
         AREA PROJECTED ON HORIZONTAL PLANE  =      1.000  ACRES 
         EVAPORATIVE ZONE DEPTH              =     21.0    INCHES 
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         INITIAL WATER IN EVAPORATIVE ZONE   =      6.108  INCHES 
         UPPER LIMIT OF EVAPORATIVE STORAGE  =      8.358  INCHES 
         LOWER LIMIT OF EVAPORATIVE STORAGE  =      2.856  INCHES 
         INITIAL SNOW WATER                  =      0.000  INCHES 
         INITIAL WATER IN LAYER MATERIALS    =      9.631  INCHES 
         TOTAL INITIAL WATER                 =      9.631  INCHES 
         TOTAL SUBSURFACE INFLOW             =      0.00   INCHES/YEAR 
 
 
                     EVAPOTRANSPIRATION AND WEATHER DATA  
                     ----------------------------------- 
 
          NOTE:  EVAPOTRANSPIRATION DATA WAS OBTAINED FROM 
                   GREENSBORO          NORTH CAROLINA       
 
              STATION LATITUDE                       =  35.13 DEGREES 
              MAXIMUM LEAF AREA INDEX                =   2.00 
              START OF GROWING SEASON (JULIAN DATE)  =     90 
              END OF GROWING SEASON (JULIAN DATE)    =    305 
              EVAPORATIVE ZONE DEPTH                 =  21.0  INCHES 
              AVERAGE ANNUAL WIND SPEED              =   7.60 MPH 
              AVERAGE 1ST QUARTER RELATIVE HUMIDITY  =  66.00 % 
              AVERAGE 2ND QUARTER RELATIVE HUMIDITY  =  68.00 % 
              AVERAGE 3RD QUARTER RELATIVE HUMIDITY  =  74.00 % 
              AVERAGE 4TH QUARTER RELATIVE HUMIDITY  =  70.00 % 
 
 
 
          NOTE:  PRECIPITATION DATA WAS SYNTHETICALLY GENERATED USING 
                   COEFFICIENTS FOR    GREENSBORO          NORTH CAROLINA       
 
                   NORMAL MEAN MONTHLY PRECIPITATION (INCHES) 
 
      JAN/JUL     FEB/AUG     MAR/SEP     APR/OCT     MAY/NOV     JUN/DEC 
      -------     -------     -------     -------     -------     ------- 
        3.51        3.37        3.88        3.16        3.37        3.93 
        4.27        4.19        3.64        3.18        2.59        3.38 
 
 
 
          NOTE:  TEMPERATURE DATA WAS SYNTHETICALLY GENERATED USING 
                   COEFFICIENTS FOR    GREENSBORO          NORTH CAROLINA       
 
              NORMAL MEAN MONTHLY TEMPERATURE (DEGREES FAHRENHEIT) 
 
      JAN/JUL     FEB/AUG     MAR/SEP     APR/OCT     MAY/NOV     JUN/DEC 
      -------     -------     -------     -------     -------     ------- 
       37.50       39.90       48.00       58.30       66.50       73.50 
       77.20       76.30       69.90       58.40       48.50       40.20 
 
 
 
          NOTE:  SOLAR RADIATION DATA WAS SYNTHETICALLY GENERATED USING 
                   COEFFICIENTS FOR    GREENSBORO          NORTH CAROLINA       
                     AND STATION LATITUDE  =  35.13 DEGREES 
 
 

 ******************************************************************************* 
          AVERAGE MONTHLY VALUES IN INCHES FOR YEARS    1 THROUGH   20 
 ------------------------------------------------------------------------------- 
  
                          JAN/JUL  FEB/AUG  MAR/SEP  APR/OCT  MAY/NOV  JUN/DEC 
                          -------  -------  -------  -------  -------  ------- 
   PRECIPITATION 
   ------------- 
     TOTALS                 2.70     3.27     4.10     2.81     3.05     3.96 
                            4.76     5.13     3.82     2.52     2.60     3.80 
  
     STD. DEVIATIONS        1.65     1.38     1.92     1.36     1.29     2.53 
                            1.98     2.38     2.39     1.71     1.91     1.80 
  
   RUNOFF 
   ------ 
     TOTALS                 0.151    0.216    0.356    0.101    0.103    0.242 
                            0.305    0.415    0.501    0.267    0.169    0.358 
  
     STD. DEVIATIONS        0.281    0.274    0.598    0.249    0.187    0.497 
                            0.476    0.579    0.568    0.396    0.540    0.425 
  
   EVAPOTRANSPIRATION 
   ------------------ 
     TOTALS                 1.363    1.642    2.922    3.028    3.479    3.731 
                            4.435    3.918    2.641    1.366    1.299    1.124 
  
     STD. DEVIATIONS        0.201    0.339    0.293    0.719    0.819    1.699 
                            1.517    1.229    1.129    0.443    0.310    0.187 
  
   LATERAL DRAINAGE COLLECTED FROM LAYER  2 
   ---------------------------------------- 
     TOTALS                 1.5642   1.1568   1.5194   0.4030   0.1385   0.1063 
                            0.1387   0.1802   0.3614   0.6687   0.5693   1.5853 
  
     STD. DEVIATIONS        1.6252   0.9003   1.1191   0.4720   0.3684   0.2295 
                            0.3661   0.3882   0.6779   0.7655   0.9615   1.2039 
  
   PERCOLATION/LEAKAGE THROUGH LAYER  3 
   ------------------------------------ 
     TOTALS                 0.0001   0.0001   0.0001   0.0000   0.0000   0.0000 
                            0.0000   0.0000   0.0000   0.0001   0.0000   0.0001 
  
     STD. DEVIATIONS        0.0001   0.0001   0.0001   0.0000   0.0000   0.0000 
                            0.0000   0.0000   0.0000   0.0001   0.0001   0.0001 
  
   PERCOLATION/LEAKAGE THROUGH LAYER  4 
   ------------------------------------ 
     TOTALS                 0.0043   0.0029   0.0037   0.0019   0.0008   0.0010 
                            0.0011   0.0007   0.0008   0.0022   0.0022   0.0023 
  
     STD. DEVIATIONS        0.0063   0.0035   0.0053   0.0023   0.0016   0.0015 
                            0.0018   0.0012   0.0009   0.0036   0.0029   0.0021 
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 ------------------------------------------------------------------------------- 
                AVERAGES OF MONTHLY AVERAGED DAILY HEADS (INCHES) 
 ------------------------------------------------------------------------------- 
 
  
   DAILY AVERAGE HEAD ON TOP OF LAYER  3 
   ------------------------------------- 
     AVERAGES               0.0006   0.0005   0.0006   0.0002   0.0001   0.0000 
                            0.0001   0.0001   0.0001   0.0002   0.0002   0.0006 
  
     STD. DEVIATIONS        0.0006   0.0004   0.0004   0.0002   0.0001   0.0001 
                            0.0001   0.0001   0.0003   0.0003   0.0004   0.0004 
  
 ******************************************************************************* 
 
 
 
 ******************************************************************************* 
      AVERAGE ANNUAL TOTALS & (STD. DEVIATIONS) FOR YEARS    1 THROUGH   20 
 ------------------------------------------------------------------------------- 
                                      INCHES            CU. FEET       PERCENT 
                                -------------------   -------------   --------- 
  PRECIPITATION                  42.52    (   7.072)     154363.9     100.00 
  
  RUNOFF                          3.182   (  1.4356)      11550.86      7.483 
  
  EVAPOTRANSPIRATION             30.949   (  3.5719)     112345.26     72.779 
  
  LATERAL DRAINAGE COLLECTED      8.39199 (  3.20259)     30462.926   19.73449 
    FROM LAYER  2 
  
  PERCOLATION/LEAKAGE THROUGH     0.00060 (  0.00020)         2.161     0.00140 
    LAYER  3 
  
  AVERAGE HEAD ON TOP             0.000 (    0.000) 
    OF LAYER  3 
  
  PERCOLATION/LEAKAGE THROUGH     0.02408 (  0.02890)        87.412     0.05663 
    LAYER  4 
  
  CHANGE IN WATER STORAGE        -0.023   (  0.9263)        -82.51     -0.053 
  
 ******************************************************************************* 
 
 
 
  
 ****************************************************************************** 
                 PEAK DAILY VALUES FOR YEARS    1 THROUGH   20 
    ------------------------------------------------------------------------ 
                                                 (INCHES)      (CU. FT.) 
                                                ----------   ------------- 
       PRECIPITATION                              3.76         13648.800 
  
       RUNOFF                                     2.281         8279.5928 
  
       DRAINAGE COLLECTED FROM LAYER  2           0.95985       3484.26465 

  
       PERCOLATION/LEAKAGE THROUGH LAYER  3       0.000039         0.14024 
  
       AVERAGE HEAD ON TOP OF LAYER  3            0.011 
  
       MAXIMUM HEAD ON TOP OF LAYER  3            0.046 
 
       LOCATION OF MAXIMUM HEAD IN LAYER  2 
             (DISTANCE FROM DRAIN)                0.0 FEET 
  
       PERCOLATION/LEAKAGE THROUGH LAYER  4       0.001011         3.67019 
  
       SNOW WATER                                 2.87         10419.2432 
  
 
       MAXIMUM VEG. SOIL WATER (VOL/VOL)                  0.3501 
  
       MINIMUM VEG. SOIL WATER (VOL/VOL)                  0.1360 
  
 
        ***  Maximum heads are computed using McEnroe's equations.  *** 
 
             Reference:  Maximum Saturated Depth over Landfill Liner 
                         by Bruce M. McEnroe, University of Kansas 
                         ASCE Journal of Environmental Engineering 
                         Vol. 119, No. 2, March 1993, pp. 262-270. 
 
 ****************************************************************************** 
 
 
 ****************************************************************************** 
                    FINAL WATER STORAGE AT END OF YEAR   20 
     ---------------------------------------------------------------------- 
                     LAYER        (INCHES)       (VOL/VOL) 
                     -----        --------       --------- 
                       1            7.0191         0.2925 
 
                       2            0.0048         0.0192 
 
                       3            0.0000         0.0000 
 
                       4            2.1522         0.1794 
 
                   SNOW WATER       0.000 
  
 ****************************************************************************** 
 ****************************************************************************** 
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 ****************************************************************************** 
 ****************************************************************************** 
 **                                                                          ** 
 **                                                                          ** 
 **              HYDROLOGIC EVALUATION OF LANDFILL PERFORMANCE               ** 
 **                HELP MODEL VERSION 3.07  (1 NOVEMBER 1997)                ** 
 **                  DEVELOPED BY ENVIRONMENTAL LABORATORY                   ** 
 **                    USAE WATERWAYS EXPERIMENT STATION                     ** 
 **             FOR USEPA RISK REDUCTION ENGINEERING LABORATORY              ** 
 **                                                                          ** 
 **                                                                          ** 
 ****************************************************************************** 
 ****************************************************************************** 
 
 
 
 PRECIPITATION DATA FILE:    C:\PROGRA~1\HELP3\GBRONCP.D4                       
 TEMPERATURE DATA FILE:      C:\PROGRA~1\HELP3\GBRONCT.D7                       
 SOLAR RADIATION DATA FILE:  C:\PROGRA~1\HELP3\GBRONCS.D13                      
 EVAPOTRANSPIRATION DATA:    C:\PROGRA~1\HELP3\GBRONCE.D11                      
 SOIL AND DESIGN DATA FILE:  C:\PROGRA~1\HELP3\DCRMC08.D10                      
 OUTPUT DATA FILE:           C:\PROGRA~1\HELP3\DCRMC08.OUT                      
 
 
 TIME:  11:59     DATE:   5/16/2012 
 
 
 ****************************************************************************** 
 
      TITLE:  Davidson County MSWLF - Ph. 2 - 8% Slope - RMC               
 
 ****************************************************************************** 
 
 
 
      NOTE:  INITIAL MOISTURE CONTENT OF THE LAYERS AND SNOW WATER WERE 
               COMPUTED AS NEARLY STEADY-STATE VALUES BY THE PROGRAM. 
 
 
  
                                    LAYER  1 
                                    -------- 
 
                      TYPE 1 - VERTICAL PERCOLATION LAYER 
                          MATERIAL TEXTURE NUMBER  10 
            THICKNESS                   =     24.00   INCHES 
            POROSITY                    =      0.3980 VOL/VOL 
            FIELD CAPACITY              =      0.2440 VOL/VOL 
            WILTING POINT               =      0.1360 VOL/VOL 
            INITIAL SOIL WATER CONTENT  =      0.3954 VOL/VOL 
            EFFECTIVE SAT. HYD. COND.   =  0.119999997000E-03 CM/SEC 
          NOTE:  SATURATED HYDRAULIC CONDUCTIVITY IS MULTIPLIED BY  3.00 
                   FOR ROOT CHANNELS IN TOP HALF OF EVAPORATIVE ZONE. 
 
 
 

                                    LAYER  2 
                                    -------- 
 
                        TYPE 4 - FLEXIBLE MEMBRANE LINER 
                          MATERIAL TEXTURE NUMBER  36 
            THICKNESS                   =      0.03   INCHES 
            POROSITY                    =      0.0000 VOL/VOL 
            FIELD CAPACITY              =      0.0000 VOL/VOL 
            WILTING POINT               =      0.0000 VOL/VOL 
            INITIAL SOIL WATER CONTENT  =      0.0000 VOL/VOL 
            EFFECTIVE SAT. HYD. COND.   =  0.399999993000E-12 CM/SEC 
            FML PINHOLE DENSITY         =      1.00   HOLES/ACRE 
            FML INSTALLATION DEFECTS    =      8.00   HOLES/ACRE 
            FML PLACEMENT QUALITY       =  3 - GOOD      
 
 
                                    LAYER  3 
                                    -------- 
 
                          TYPE 3 - BARRIER SOIL LINER 
                          MATERIAL TEXTURE NUMBER   0 
            THICKNESS                   =     18.00   INCHES 
            POROSITY                    =      0.4610 VOL/VOL 
            FIELD CAPACITY              =      0.3600 VOL/VOL 
            WILTING POINT               =      0.2030 VOL/VOL 
            INITIAL SOIL WATER CONTENT  =      0.4610 VOL/VOL 
            EFFECTIVE SAT. HYD. COND.   =  0.999999975000E-05 CM/SEC 
 
 
 
                    GENERAL DESIGN AND EVAPORATIVE ZONE DATA 
                    ---------------------------------------- 
 
          NOTE:  SCS RUNOFF CURVE NUMBER WAS COMPUTED FROM DEFAULT 
                   SOIL DATA BASE USING SOIL TEXTURE #10 WITH A 
                   FAIR STAND OF GRASS, A SURFACE SLOPE OF  8.% 
                   AND A SLOPE LENGTH OF  100. FEET. 
 
         SCS RUNOFF CURVE NUMBER             =     87.00 
         FRACTION OF AREA ALLOWING RUNOFF    =    100.0    PERCENT 
         AREA PROJECTED ON HORIZONTAL PLANE  =      1.000  ACRES 
         EVAPORATIVE ZONE DEPTH              =     21.0    INCHES 
         INITIAL WATER IN EVAPORATIVE ZONE   =      8.297  INCHES 
         UPPER LIMIT OF EVAPORATIVE STORAGE  =      8.358  INCHES 
         LOWER LIMIT OF EVAPORATIVE STORAGE  =      2.856  INCHES 
         INITIAL SNOW WATER                  =      0.000  INCHES 
         INITIAL WATER IN LAYER MATERIALS    =     17.788  INCHES 
         TOTAL INITIAL WATER                 =     17.788  INCHES 
         TOTAL SUBSURFACE INFLOW             =      0.00   INCHES/YEAR 
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                     EVAPOTRANSPIRATION AND WEATHER DATA  
                     ----------------------------------- 
 
          NOTE:  EVAPOTRANSPIRATION DATA WAS OBTAINED FROM 
                   GREENSBORO          NORTH CAROLINA       
 
              STATION LATITUDE                       =  35.13 DEGREES 
              MAXIMUM LEAF AREA INDEX                =   2.00 
              START OF GROWING SEASON (JULIAN DATE)  =     90 
              END OF GROWING SEASON (JULIAN DATE)    =    305 
              EVAPORATIVE ZONE DEPTH                 =  21.0  INCHES 
              AVERAGE ANNUAL WIND SPEED              =   7.60 MPH 
              AVERAGE 1ST QUARTER RELATIVE HUMIDITY  =  66.00 % 
              AVERAGE 2ND QUARTER RELATIVE HUMIDITY  =  68.00 % 
              AVERAGE 3RD QUARTER RELATIVE HUMIDITY  =  74.00 % 
              AVERAGE 4TH QUARTER RELATIVE HUMIDITY  =  70.00 % 
 
 
 
          NOTE:  PRECIPITATION DATA WAS SYNTHETICALLY GENERATED USING 
                   COEFFICIENTS FOR    GREENSBORO          NORTH CAROLINA       
 
                   NORMAL MEAN MONTHLY PRECIPITATION (INCHES) 
 
      JAN/JUL     FEB/AUG     MAR/SEP     APR/OCT     MAY/NOV     JUN/DEC 
      -------     -------     -------     -------     -------     ------- 
        3.51        3.37        3.88        3.16        3.37        3.93 
        4.27        4.19        3.64        3.18        2.59        3.38 
 
 
 
          NOTE:  TEMPERATURE DATA WAS SYNTHETICALLY GENERATED USING 
                   COEFFICIENTS FOR    GREENSBORO          NORTH CAROLINA       
 
              NORMAL MEAN MONTHLY TEMPERATURE (DEGREES FAHRENHEIT) 
 
      JAN/JUL     FEB/AUG     MAR/SEP     APR/OCT     MAY/NOV     JUN/DEC 
      -------     -------     -------     -------     -------     ------- 
       37.50       39.90       48.00       58.30       66.50       73.50 
       77.20       76.30       69.90       58.40       48.50       40.20 
 
 
 
          NOTE:  SOLAR RADIATION DATA WAS SYNTHETICALLY GENERATED USING 
                   COEFFICIENTS FOR    GREENSBORO          NORTH CAROLINA       
                     AND STATION LATITUDE  =  35.13 DEGREES 
 
 
 
  
 
 
 
 
 
 
 

 ******************************************************************************* 
  
          AVERAGE MONTHLY VALUES IN INCHES FOR YEARS    1 THROUGH   20 
 ------------------------------------------------------------------------------- 
  
                          JAN/JUL  FEB/AUG  MAR/SEP  APR/OCT  MAY/NOV  JUN/DEC 
                          -------  -------  -------  -------  -------  ------- 
   PRECIPITATION 
   ------------- 
     TOTALS                 2.70     3.27     4.10     2.81     3.05     3.96 
                            4.76     5.13     3.82     2.52     2.60     3.80 
  
     STD. DEVIATIONS        1.65     1.38     1.92     1.36     1.29     2.53 
                            1.98     2.38     2.39     1.71     1.91     1.80 
  
   RUNOFF 
   ------ 
     TOTALS                 1.309    1.427    1.536    0.322    0.273    0.318 
                            0.325    0.414    0.471    0.309    0.418    1.529 
  
     STD. DEVIATIONS        1.667    1.175    1.522    0.629    0.542    0.653 
                            0.614    0.624    0.517    0.457    1.081    1.613 
  
   EVAPOTRANSPIRATION 
   ------------------ 
     TOTALS                 1.351    1.633    2.891    2.982    3.601    5.468 
                            5.009    4.113    2.587    1.306    1.244    1.105 
  
     STD. DEVIATIONS        0.201    0.337    0.291    0.705    0.707    1.032 
                            1.779    1.248    1.077    0.291    0.264    0.179 
  
   PERCOLATION/LEAKAGE THROUGH LAYER  3 
   ------------------------------------ 
     TOTALS                 0.0758   0.0685   0.0760   0.0630   0.0565   0.0360 
                            0.0206   0.0181   0.0231   0.0372   0.0462   0.0647 
  
     STD. DEVIATIONS        0.0174   0.0134   0.0058   0.0048   0.0058   0.0128 
                            0.0133   0.0132   0.0160   0.0230   0.0236   0.0218 
  
 
 ------------------------------------------------------------------------------- 
                AVERAGES OF MONTHLY AVERAGED DAILY HEADS (INCHES) 
 ------------------------------------------------------------------------------- 
 
  
   DAILY AVERAGE HEAD ON TOP OF LAYER  2 
   ------------------------------------- 
     AVERAGES              19.9991  19.8367  20.0716  17.1377  14.8201   9.5845 
                            5.1295   4.4598   6.0278   9.6028  12.4481  16.9943 
  
     STD. DEVIATIONS        4.6778   3.9896   1.5461   1.3254   1.5584   3.5753 
                            3.5848   3.5620   4.4559   6.1904   6.5750   5.8810 
  
 ******************************************************************************* 
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 ******************************************************************************* 
      AVERAGE ANNUAL TOTALS & (STD. DEVIATIONS) FOR YEARS    1 THROUGH   20 
 ------------------------------------------------------------------------------- 
                                      INCHES            CU. FEET       PERCENT 
                                -------------------   -------------   --------- 
  PRECIPITATION                  42.52    (   7.072)     154363.9     100.00 
  
  RUNOFF                          8.651   (  4.0977)      31403.23     20.344 
  
  EVAPOTRANSPIRATION             33.291   (  3.3432)     120846.63     78.287 
  
  PERCOLATION/LEAKAGE THROUGH     0.58558 (  0.09615)      2125.645     1.37703 
    LAYER  3 
  
  AVERAGE HEAD ON TOP            13.009 (    2.204) 
    OF LAYER  2 
  
  CHANGE IN WATER STORAGE        -0.003   (  1.4004)        -11.56     -0.007 
  
 ******************************************************************************* 
 
 
 ****************************************************************************** 
                 PEAK DAILY VALUES FOR YEARS    1 THROUGH   20 
    ------------------------------------------------------------------------ 
                                                 (INCHES)      (CU. FT.) 
                                                ----------   ------------- 
       PRECIPITATION                              3.76         13648.800 
  
       RUNOFF                                     3.572        12967.9678 
  
       PERCOLATION/LEAKAGE THROUGH LAYER  3       0.002927        10.62599 
  
       AVERAGE HEAD ON TOP OF LAYER  2           24.000 
  
       SNOW WATER                                 2.87         10419.2432 
  
 
       MAXIMUM VEG. SOIL WATER (VOL/VOL)                  0.3980 
  
       MINIMUM VEG. SOIL WATER (VOL/VOL)                  0.1360 
  
 ****************************************************************************** 
 
 
 
 
  
 
 
 
 
 
 
 
 
 

 ****************************************************************************** 
                    FINAL WATER STORAGE AT END OF YEAR   20 
     ---------------------------------------------------------------------- 
                     LAYER        (INCHES)       (VOL/VOL) 
                     -----        --------       --------- 
                       1            9.4268         0.3928 
 
                       2            0.0000         0.0000 
 
                       3            8.2980         0.4610 
 
                   SNOW WATER       0.000 
  
 ****************************************************************************** 
 ****************************************************************************** 
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 ****************************************************************************** 
 ****************************************************************************** 
 **                                                                          ** 
 **                                                                          ** 
 **              HYDROLOGIC EVALUATION OF LANDFILL PERFORMANCE               ** 
 **                HELP MODEL VERSION 3.07  (1 NOVEMBER 1997)                ** 
 **                  DEVELOPED BY ENVIRONMENTAL LABORATORY                   ** 
 **                    USAE WATERWAYS EXPERIMENT STATION                     ** 
 **             FOR USEPA RISK REDUCTION ENGINEERING LABORATORY              ** 
 **                                                                          ** 
 **                                                                          ** 
 ****************************************************************************** 
 ****************************************************************************** 
 
 
 
 PRECIPITATION DATA FILE:    C:\PROGRA~1\HELP3\GBRONCP.D4                       
 TEMPERATURE DATA FILE:      C:\PROGRA~1\HELP3\GBRONCT.D7                       
 SOLAR RADIATION DATA FILE:  C:\PROGRA~1\HELP3\GBRONCS.D13                      
 EVAPOTRANSPIRATION DATA:    C:\PROGRA~1\HELP3\GBRONCE.D11                      
 SOIL AND DESIGN DATA FILE:  C:\PROGRA~1\HELP3\DCRMC25.D10                      
 OUTPUT DATA FILE:           C:\PROGRA~1\HELP3\DCRMC25.OUT                      
 
 
 TIME:  11:59     DATE:   5/16/2012 
 
 
 ****************************************************************************** 
 
      TITLE:  Davidson County MSWLF - Ph. 2 - 25% Slope - RMC              
 
 ****************************************************************************** 
 
 
      NOTE:  INITIAL MOISTURE CONTENT OF THE LAYERS AND SNOW WATER WERE 
               COMPUTED AS NEARLY STEADY-STATE VALUES BY THE PROGRAM. 
 
 
                                    LAYER  1 
                                    -------- 
 
                      TYPE 1 - VERTICAL PERCOLATION LAYER 
                          MATERIAL TEXTURE NUMBER  10 
            THICKNESS                   =     24.00   INCHES 
            POROSITY                    =      0.3980 VOL/VOL 
            FIELD CAPACITY              =      0.2440 VOL/VOL 
            WILTING POINT               =      0.1360 VOL/VOL 
            INITIAL SOIL WATER CONTENT  =      0.3954 VOL/VOL 
            EFFECTIVE SAT. HYD. COND.   =  0.119999997000E-03 CM/SEC 
          NOTE:  SATURATED HYDRAULIC CONDUCTIVITY IS MULTIPLIED BY  3.00 
                   FOR ROOT CHANNELS IN TOP HALF OF EVAPORATIVE ZONE. 
 
 
 
 
 

                                    LAYER  2 
                                    -------- 
 
                        TYPE 4 - FLEXIBLE MEMBRANE LINER 
                          MATERIAL TEXTURE NUMBER  36 
            THICKNESS                   =      0.03   INCHES 
            POROSITY                    =      0.0000 VOL/VOL 
            FIELD CAPACITY              =      0.0000 VOL/VOL 
            WILTING POINT               =      0.0000 VOL/VOL 
            INITIAL SOIL WATER CONTENT  =      0.0000 VOL/VOL 
            EFFECTIVE SAT. HYD. COND.   =  0.399999993000E-12 CM/SEC 
            FML PINHOLE DENSITY         =      1.00   HOLES/ACRE 
            FML INSTALLATION DEFECTS    =      8.00   HOLES/ACRE 
            FML PLACEMENT QUALITY       =  3 - GOOD      
 
 
                                    LAYER  3 
                                    -------- 
 
                          TYPE 3 - BARRIER SOIL LINER 
                          MATERIAL TEXTURE NUMBER   0 
            THICKNESS                   =     18.00   INCHES 
            POROSITY                    =      0.4610 VOL/VOL 
            FIELD CAPACITY              =      0.3600 VOL/VOL 
            WILTING POINT               =      0.2030 VOL/VOL 
            INITIAL SOIL WATER CONTENT  =      0.4610 VOL/VOL 
            EFFECTIVE SAT. HYD. COND.   =  0.999999975000E-05 CM/SEC 
 
 
 
                    GENERAL DESIGN AND EVAPORATIVE ZONE DATA 
                    ---------------------------------------- 
 
          NOTE:  SCS RUNOFF CURVE NUMBER WAS COMPUTED FROM DEFAULT 
                   SOIL DATA BASE USING SOIL TEXTURE #10 WITH A 
                   FAIR STAND OF GRASS, A SURFACE SLOPE OF 25.% 
                   AND A SLOPE LENGTH OF  200. FEET. 
 
         SCS RUNOFF CURVE NUMBER             =     86.90 
         FRACTION OF AREA ALLOWING RUNOFF    =    100.0    PERCENT 
         AREA PROJECTED ON HORIZONTAL PLANE  =      1.000  ACRES 
         EVAPORATIVE ZONE DEPTH              =     21.0    INCHES 
         INITIAL WATER IN EVAPORATIVE ZONE   =      8.295  INCHES 
         UPPER LIMIT OF EVAPORATIVE STORAGE  =      8.358  INCHES 
         LOWER LIMIT OF EVAPORATIVE STORAGE  =      2.856  INCHES 
         INITIAL SNOW WATER                  =      0.000  INCHES 
         INITIAL WATER IN LAYER MATERIALS    =     17.787  INCHES 
         TOTAL INITIAL WATER                 =     17.787  INCHES 
         TOTAL SUBSURFACE INFLOW             =      0.00   INCHES/YEAR 
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                     EVAPOTRANSPIRATION AND WEATHER DATA  
                     ----------------------------------- 
 
          NOTE:  EVAPOTRANSPIRATION DATA WAS OBTAINED FROM 
                   GREENSBORO          NORTH CAROLINA       
 
              STATION LATITUDE                       =  35.13 DEGREES 
              MAXIMUM LEAF AREA INDEX                =   2.00 
              START OF GROWING SEASON (JULIAN DATE)  =     90 
              END OF GROWING SEASON (JULIAN DATE)    =    305 
              EVAPORATIVE ZONE DEPTH                 =  21.0  INCHES 
              AVERAGE ANNUAL WIND SPEED              =   7.60 MPH 
              AVERAGE 1ST QUARTER RELATIVE HUMIDITY  =  66.00 % 
              AVERAGE 2ND QUARTER RELATIVE HUMIDITY  =  68.00 % 
              AVERAGE 3RD QUARTER RELATIVE HUMIDITY  =  74.00 % 
              AVERAGE 4TH QUARTER RELATIVE HUMIDITY  =  70.00 % 
 
 
          NOTE:  PRECIPITATION DATA WAS SYNTHETICALLY GENERATED USING 
                   COEFFICIENTS FOR    GREENSBORO          NORTH CAROLINA       
 
                   NORMAL MEAN MONTHLY PRECIPITATION (INCHES) 
 
      JAN/JUL     FEB/AUG     MAR/SEP     APR/OCT     MAY/NOV     JUN/DEC 
      -------     -------     -------     -------     -------     ------- 
        3.51        3.37        3.88        3.16        3.37        3.93 
        4.27        4.19        3.64        3.18        2.59        3.38 
 
 
 
          NOTE:  TEMPERATURE DATA WAS SYNTHETICALLY GENERATED USING 
                   COEFFICIENTS FOR    GREENSBORO          NORTH CAROLINA       
 
              NORMAL MEAN MONTHLY TEMPERATURE (DEGREES FAHRENHEIT) 
 
      JAN/JUL     FEB/AUG     MAR/SEP     APR/OCT     MAY/NOV     JUN/DEC 
      -------     -------     -------     -------     -------     ------- 
       37.50       39.90       48.00       58.30       66.50       73.50 
       77.20       76.30       69.90       58.40       48.50       40.20 
 
 
 
          NOTE:  SOLAR RADIATION DATA WAS SYNTHETICALLY GENERATED USING 
                   COEFFICIENTS FOR    GREENSBORO          NORTH CAROLINA       
                     AND STATION LATITUDE  =  35.13 DEGREES 
 
 
 
 
 
 
 
 
 
 
 
 

 ******************************************************************************* 
  
          AVERAGE MONTHLY VALUES IN INCHES FOR YEARS    1 THROUGH   20 
 ------------------------------------------------------------------------------- 
  
                          JAN/JUL  FEB/AUG  MAR/SEP  APR/OCT  MAY/NOV  JUN/DEC 
                          -------  -------  -------  -------  -------  ------- 
   PRECIPITATION 
   ------------- 
     TOTALS                 2.70     3.27     4.10     2.81     3.05     3.96 
                            4.76     5.13     3.82     2.52     2.60     3.80 
  
     STD. DEVIATIONS        1.65     1.38     1.92     1.36     1.29     2.53 
                            1.98     2.38     2.39     1.71     1.91     1.80 
  
   RUNOFF 
   ------ 
     TOTALS                 1.311    1.428    1.535    0.321    0.271    0.318 
                            0.322    0.408    0.465    0.309    0.418    1.535 
  
     STD. DEVIATIONS        1.668    1.178    1.522    0.630    0.543    0.662 
                            0.615    0.620    0.511    0.461    1.080    1.614 
  
   EVAPOTRANSPIRATION 
   ------------------ 
     TOTALS                 1.351    1.633    2.891    2.982    3.606    5.461 
                            5.011    4.119    2.589    1.307    1.244    1.105 
  
     STD. DEVIATIONS        0.201    0.337    0.291    0.705    0.702    1.019 
                            1.774    1.248    1.078    0.290    0.264    0.179 
  
   PERCOLATION/LEAKAGE THROUGH LAYER  3 
   ------------------------------------ 
     TOTALS                 0.0758   0.0685   0.0760   0.0630   0.0565   0.0361 
                            0.0207   0.0182   0.0233   0.0374   0.0464   0.0648 
  
     STD. DEVIATIONS        0.0174   0.0134   0.0058   0.0048   0.0058   0.0128 
                            0.0134   0.0134   0.0161   0.0230   0.0236   0.0218 
  
 
 ------------------------------------------------------------------------------- 
                AVERAGES OF MONTHLY AVERAGED DAILY HEADS (INCHES) 
 ------------------------------------------------------------------------------- 
 
  
   DAILY AVERAGE HEAD ON TOP OF LAYER  2 
   ------------------------------------- 
     AVERAGES              20.0093  19.8387  20.0745  17.1495  14.8318   9.6184 
                            5.1585   4.4867   6.0711   9.6491  12.4957  17.0282 
  
     STD. DEVIATIONS        4.6775   3.9936   1.5432   1.3264   1.5578   3.5784 
                            3.6073   3.6020   4.4879   6.2034   6.5796   5.8823 
  
 ******************************************************************************* 
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 ******************************************************************************* 
      AVERAGE ANNUAL TOTALS & (STD. DEVIATIONS) FOR YEARS    1 THROUGH   20 
 ------------------------------------------------------------------------------- 
                                      INCHES            CU. FEET       PERCENT 
                                -------------------   -------------   --------- 
  PRECIPITATION                  42.52    (   7.072)     154363.9     100.00 
  
  RUNOFF                          8.643   (  4.1042)      31375.29     20.326 
  
  EVAPOTRANSPIRATION             33.298   (  3.3336)     120870.38     78.302 
  
  PERCOLATION/LEAKAGE THROUGH     0.58667 (  0.09644)      2129.622     1.37961 
    LAYER  3 
  
  AVERAGE HEAD ON TOP            13.034 (    2.211) 
    OF LAYER  2 
  
  CHANGE IN WATER STORAGE        -0.003   (  1.4009)        -11.33     -0.007 
  
 ******************************************************************************* 
 
 
 
 
 ****************************************************************************** 
                 PEAK DAILY VALUES FOR YEARS    1 THROUGH   20 
    ------------------------------------------------------------------------ 
                                                 (INCHES)      (CU. FT.) 
                                                ----------   ------------- 
       PRECIPITATION                              3.76         13648.800 
  
       RUNOFF                                     3.572        12967.9287 
  
       PERCOLATION/LEAKAGE THROUGH LAYER  3       0.002927        10.62599 
  
       AVERAGE HEAD ON TOP OF LAYER  2           24.000 
  
       SNOW WATER                                 2.87         10419.2432 
  
 
       MAXIMUM VEG. SOIL WATER (VOL/VOL)                  0.3980 
  
       MINIMUM VEG. SOIL WATER (VOL/VOL)                  0.1360 
  
 ****************************************************************************** 
 
 
 
 
  
 
 
 
 
 
 
 

 ****************************************************************************** 
                    FINAL WATER STORAGE AT END OF YEAR   20 
     ---------------------------------------------------------------------- 
                     LAYER        (INCHES)       (VOL/VOL) 
                     -----        --------       --------- 
                       1            9.4268         0.3928 
 
                       2            0.0000         0.0000 
 
                       3            8.2980         0.4610 
 
                   SNOW WATER       0.000 
  
 ****************************************************************************** 
 ****************************************************************************** 
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PROJECT  Davidson County MSWLF - Phase 2
                 
SUBJECT  Final Cover Drainage Layer Analysis

SHEET    1       OF        3 
JOB NO.    DAVDCO-10-5
DATE           3/2/12
COMPUTED BY   PKS
CHECKED BY  LAQ

Objective To evaluate the required transmissivity for the drainage geocomposite placed in the final cover
system.

Reference Richardson, G.N., Giroud, J-P., and Zhao, A. (2000), Design of Lateral Drainage Systems for
Landfills, Tenax Corp., Baltimore.

Analysis Step 1:

Determine the required transmissivity (θreqd) of the drainage geocomposite based on the following
equation:

(Richardson et. al. Eq. 4-6 Mod.)



 reqd

dc n dc n dc nRF q Li RF q L RF q L
  

sin

cos

sin tan

where: reqd = required transmissivity (m3/m/sec)
RFdc = drainage geocomposite reduction factor (See Note 1)
qn = fluid input rate (or impingement rate) (m/s) (See Note 2)
L = flow length (or drain spacing) (horizontally projected) (m)
 = slope angle of final cover (degrees).

Notes:

1. Based on the recommendations of Richardson, Giroud, & Zhao, use RFdc = 6.  This accounts
for an overall factor of safety of 2, plus a combined reduction factor of 3 for long-term
intrusion, creep, and clogging concerns.

2. Typically the impingement into the drainage geocomposite is determined by the lessor of:

a. Permeability of the overlying vegetative soil layer(kveg) or
b. Design rainfall.

Per Richardson,Giroud, & Zhao, use qn = kveg except in arid/semi-arid areas.

Step 2:

Determine the required transmissivity test parameters:

-  Normal Stress (cover thickness x unit weight of cover soil) and
-  Hydraulic Gradient (equals slope of cover system).

 
FCS DRAIN LAYER.WPD

RICHARDSON SMITH GARDNER & ASSOCIATES
Engineering and Geological Services
14 N. Boylan Avenue, Raleigh, NC 27603
Telephone: (919) 828-0577
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SUBJECT  Final Cover Drainage Layer Analysis

SHEET   2        OF     3
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DATE           3/2/12
COMPUTED BY   PKS
CHECKED BY  LAQ

Step 3:

Calculate the required total flow capacity (Q) of the drain based on the following equation:

Q q An

where: Q = flow capacity (cfs)
qn = impingement (ft/s)
A = total area served by the drain (= L x DL) (ft2)
DL = length of drain between outlet locations (ft).

Step 4:

After finding Q for each drain, the designer shall select the appropriate type and size of drain.

RICHARDSON SMITH GARDNER & ASSOCIATES
Engineering and Geological Services
14 N. Boylan Avenue, Raleigh, NC 27603
Telephone: (919) 828-0577
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Raleigh, NC  27603 Fax: 919-828-3899 BY:

CHKD BY:

Davidson County MSW Landfill - Phase 2
Final Cover Drainage Layer Analysis
 

Input Parameters:

Side Slope Angle ( ): 14.0 degrees (4H:1V Slopes)

Impingement (q n ): 0.0001 cm/sec (= Permeability of Vegetative Soil Layer)

Drain Spacing (L ): 140 ft (= Horizontally Projected Distance Up & Down Slope)

(Per Richardson, Giroud, & Zhao Recommendations)

RFintrusion: 1.2

RFcreep: 1.4

RFchemical clogging: 1.5

RFbiological clogging: 1.2

Overall Factor of Safety: 2.0

6.0

Drain Length (DL ): 200 ft (= Distance Across Slope at Toe)

Final Cover:      Thickness: 2.0 ft
Unit Weight: 110 pcf

Note: Spreadsheet Converts Units as Required.

 
Transmissivity Requirements:

Determine Minimum Transmissivity:

 min  = 1.0E-03 m3/m/sec = 5.0 gpm/ft

Determine Transmissivity Test Parameters:

Min. Normal Stress = 220.0 psf

Hydraulic Gradient = 0.25

Determine Required Drain Capacity:

Calculate Required Total Flow Capacity:

Q = 0.09 cfs *Based on 200 foot spacing between outlets.

Reduction Factors for Drainage 
Geocomposite:

LAQ

Reduction Factor for Drainage Geocomposite in Final Cover 
(RF dc ):

3/3

DAVDCO-10-5

3/2/12

PKS

Richardson Smith Gardner & Associates, Inc. FCS DRAIN LAYER
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PKS

Define the application and function of the geotextile (i.e. where the geotextile is to be used and 
whether retention or permeability is the key function of the material) and also the confining stress 
(i.e. high - leachate collection system; low - final cover system) and flow conditions (i.e. steady-
state - landfill drains; dynamic - shoreline protection).

Koerner, Robert M. (1999), Designing with Geosynthetics, 4th Ed., Prentice-Hall Inc., Englewood 
Cliffs, NJ, pp. 84-91.

Mirafi - Geotextile Filter Design, Application, and Product Selection Guide, Ten Cate Nicolon 
Corp. (www.mirafi.com).

Richardson, G.N., Giroud, J-P., and Zhao, A. (2000), Design of Lateral Drainage Systems for 
Landfills, Tenax Corp., Baltimore.

The design criteria given assume that the soil is “set” in intimate contact with the geotextile.

From Richardson et. al.:

Davidson County MSWLF - Phase 2

Filter Geotextile Analysis - FCS

1. Define Application and Function of Geotextile:

For the purposes of filtration design, soils can be characterized as stable or unstable.  Stable soils 
perform an internal filtration process that limits migration of fines within the soil.  Typically, these 
soil types include well-graded soils.  Unstable soils are those which cannot perform self-filtration 
(i.e. they have the potential to pipe internally).  They may include gap-graded, broad-graded, and 
other highly erodible soils.  In gap-graded soils, there exists a coarse and fine fraction, but very 
little medium fraction.  If there is an insufficient quantity of soil particles in the medium fraction, 
fine soil particles pipe through the coarse fraction.  In broad-graded soils, the gradation is 
distributed over a very wide range of particle sizes such that fine soil tends to pipe through 
coarser particles.

To determine the maximum geotextile apparent opening size (AOS) to provide proper retention to 
protect drainage media from piping and clogging from adjacent soil.  Additionally, to determine the 
minimum required geotextile permittivity to provide proper drainage from the adjacent soil.  
Geotextile filtration properties must be selected based on the up-gradient soil gradation and 
plasticity and site specific hydraulic conditions.  

Bhatia, S.K. and Huang, Q. (1995), “Geotextile Filters for Internally Stable/Unstable Soils”, 
Geosynthetics International, Vol. 2, No. 3, pp. 537-565.

LAQ

DAVDCO-10-5

3/2/12

2. Evaluate Soils Information

For representative soils, evaluate grain size and plasticity information.  From the grain size curves 
determine the coefficients of uniformity and curvature as follows:

C
d

du  60

10

 C
d

d d
c 


30

2

10 60

Richardson Smith Gardner & Associates, Inc. GT FILTER (FCS)
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where: C u =

C c =

d x =

U.S. Sieve
100
80
70
60
50
40
30

Cc ≤ 7

For n < 60% O95 < d85(0.65 - 0.05Cc) Cc > 7

where: O 95 =

n =

(most 8 to 16 oz/sy non-wovens)

(most 4 to 6 oz/sy non-wovens)

coefficient of uniformity (quantifies the distribution of particle sizes)

coefficient of curvature (identifies internal soil stability)

the diameter at which x percent of the soil is finer

DAVDCO-10-5

3/2/12

LAQ

Bhatia and Huang developed the following retention criteria:

Additionally, in general, particles do not move within soils having a plasticity index (PI) greater 
than 15% so there is no clogging potential (Richardson et. al.). 

3. Selection of Soil Retention Requirements (Maximum AOS):

Davidson County MSWLF - Phase 2

Filter Geotextile Analysis - FCS

For Cu ≤ 4, the soil is uniformly-graded; for 4 < Cu ≤ 20, the soil is well-graded; and for Cu > 20, 
the soil is broad-graded.  Uniformly-graded and broad-graded soils require careful analysis.  Gap-
graded soils which have a coarse and fine fraction, but limited medium fraction are of particular 
concern and should be avoided.  Gap-graded soils are readily identified by the appearance of the 
grain size curve.  For 1 ≤ Cc ≤ 3, the soil should be internally stable (Bhatia and Huang state that 
soils having Cc ≤ 7 are internally stable.).

PKS

- Bhatia and Huang Method:

- Luettich Method:

For steady-state conditions, use the chart below.

To determine the maximum AOS, use the method given in Koerner/Mirafi (after Luettich) and the 
method given in Bhatia and Huang.  For the AOS determined by either method, the following 
shows the relationship between opening size and the corresponding U.S. sieve number (with 
typical non-woven geotextile information as shown).

Opening Size (mm)
0.150
0.180
0.212
0.250
0.300

For n ≥ 60%

apparent opening size
geotextile porosity (%) (for non-woven geotextiles this value is typically 70 
to 90%)

O95 < d85(2.71 - 0.36Cc)

0.425
0.600

Richardson Smith Gardner & Associates, Inc. GT FILTER (FCS)
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geotextile thickness under design load (cm)
hydraulic gradient (use 1.5 for landfills)

mimimum allowable geotextile permeability (cm/sec)
isks

Determine the geotextile permittivity requirements:

mimimum required geotextile permittivity (sec-1)

permeability of retained soil (cm/sec)

5. Other Considerations

Other things to consider in the design of a filter geotextile include anti-clogging requirements and 
survivability/durability requirements.  For anti-clogging, it is generally best to use the largest AOS 
that satisfies the retention criteria.  For non-woven geotextiles used in landfill applications, an 
AOS of 0.21 mm (No. 70 sieve) is typically the largest AOS that is available.  For 
survivability/durability concerns, generally an adequately UV stabilized geotextile made from 
polypropylene or polyester with an AASHTO M288 Strength Class of 2 is suitable for use in 
subsurface drainage applications.

Ref: Mirafi (After Luettich)

Davidson County MSWLF - Phase 2

Filter Geotextile Analysis - FCS

4. Determine Geotextile Permittivity Requirements:

(sec-1) 
k

t
g

g

Richardson Smith Gardner & Associates, Inc. GT FILTER (FCS)
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Davidson County MSWLF Landfill - Phase 2
Filter Geotextile Analysis (Final Cover System)

Application:

Primary Function: Retention

Relative Confining Stress: Low

Flow Conditions: Steady-State

PZ-24-S2 (10-11.5')

Brown Clayey Silt

Soil Type: ML

d85:  0.270

d60:  0.060

d50:  0.020

d30:  0.004

d20: 0.001

d10: 0.000

PI: 2

Cu : 200.00

Use Caution - Soil is Broad 
Graded!

Cc 0.89

-----

Is Soil Dispersive? (Y/N)

N

0.210

No. 70 Sieve

NA

d'100:  

d'50:  

d'0:  

C'u (When Applicable):

-----

Soil is Stable.

Geotextile Porosity (%): 80

0.645

No. 30 Sieve

Required Geotextile Properties: -----

Hydraulic Gradient (is): 1.5

1.0E-03

1.5E-03

Geotextile Thickness (tg) (cm): 0.25

0.006

*Note:  Spreadsheet assumes retention application in using the Luettich Method. 

Internal Soil Stability:

Recommended Max. AOS (mm):

Recommended Maximum AOS 
(mm) (When Applicable):
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Luettich Method:*

Bhatia & Huang Method:
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Final Cover Drainage Geocomposite

Estimated Soil Permeability (ks) 
(cm/sec):

Min. Allowable Geotextile 
Permeability (kg) (cm/sec):

Min. Required Geotextile 

Permittivity () (sec-1):

Soil Evaluated (Representative of Likely Worst Case)

Soil Relative Density (ID) (Loose 
(L), Medium (M), Dense (D) 

(When Applicable):

Recommended Maximum AOS 
(mm) (When Applicable):

Soil Description:

Soil Dispersion (When 
Applicable):

Internal Soil Stability (When 
Applicable):

Richardson Smith Gardner & Associates, Inc. FCS DGC GT FILTER (FCS)
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SUBJECT  Rain Gutters & Down Pipe Sizing
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DATE           3/2/12
COMPUTED BY    PKS
CHECKED BY    LAQ

Objective To design rain gutters and down pipes to handle the peak discharge from the design storm.

Reference Debo, T.N., and Reese, A.J. (1995), Municipal Storm Water Management, Lewis Publishers,
Boca Raton, FL.

Malcom, H. Rooney (1989 & 2003 Supplement), Elements of Urban Stormwater Design, NC
State Univ., Raleigh, NC.

Analysis The following approach is used in the design of rain gutters and down pipes:

1. Determine the peak discharge from the design storm(s).  Use the Rational Method.

2. For each pipe size, determine the maximum area (A), to handle the predicted peak discharge
(Q) with an added factor of safety.  Analyze rain gutters and down pipes based on partial flow
to determine flow depth and velocity then compare the full flow capacity of each pipe size
with the calculated peak flow rate to verify the desired factor of safety.  Analyze rain gutter
drop inlets (inlet to down pipes) as orifices.

3. Analyze rain gutter pipe perforations as orifice flow to ensure adequate flow capacity into
rain gutters.

Calculations

- Rain Gutters & Down Pipes:

Determine Flow Capacity of Pipe:

(D&R Equation 8.24)     

where:  Qmax  = flow capacity of pipe (cfs)
D = inside diameter of pipe (ft)
S = pipe slope (ft/ft)
n =  Manning’s roughness coefficient

FCS RAIN GUTTERS & DPIPES.WPD

RICHARDSON SMITH GARDNER & ASSOCIATES
Engineering and Geological Services
14 N. Boylan Avenue, Raleigh, NC 27603
Telephone: (919) 828-0577
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Determine Factor of Safety (FS):

Iterate the drainage area (A) to each drainage structure such that Qmax/Q > the desired factor of
safety.

Determine Flow Depth:

(D&R Equation 8.29)

where: h = flow depth (inches)
θ = central angle

(D&R Equation 8.28)     

K = constant

(D&R Equation 8.27)

Determine Flow Velocity:

 
(D&R Equation 8.30 for “A”)     

where: V = flow velocity (ft/sec)
A = cross-sectional area of flow (ft3)

RICHARDSON SMITH GARDNER & ASSOCIATES
Engineering and Geological Services
14 N. Boylan Avenue, Raleigh, NC 27603
Telephone: (919) 828-0577
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- Down Pipe Drop Inlets and Rain Gutter Pipe Perforations:

Determine Qmax:

(Malcom Equation I-7)     

where: Cd  = coefficient of discharge
A = cross-sectional area of flow (ft3)
g = acceleration of gravity (32.2 ft/sec2)
h  = driving head - centroid of orifice to water surface (ft)

Determine Factor of Safety (FS):

Iterate the drainage area (A) to each drainage structure such that Qmax/Q > the desired factor of
safety.

RICHARDSON SMITH GARDNER & ASSOCIATES
Engineering and Geological Services
14 N. Boylan Avenue, Raleigh, NC 27603
Telephone: (919) 828-0577

Q C A ghdmax  2

FS
Q

Q
 max



RICHARDSON SMITH GARDNER & ASSOCIATES SHEET:
Engineering and Geological Services JOB #:
14 N. Boylan Avenue Tel:  919-828-0577 DATE:
Raleigh, NC  27603 Fax: 919-828-3899 BY:

CHKD BY:

Davidson County MSW Landfill - Phase 2
Rain Gutters & Down Pipe Sizing

Input Parameters:

Manning's Rougness Coefficient = 0.009 --> HDPE Pipe

Runoff Coefficient = 0.5

Rainfall Intensity = 8.16 IN/HR ---> 25 YR - 5 MIN STORM

Allowable Head (Down Pipe Drop Inlets) = 24 INCHES

Orifice Coef. Of Discharge (Down Pipe Drop Inlets) = 0.6 TYPICAL

Hole Diameter (Rain Gutter Pipe Bottom Perforations) = 0.5 INCHES

Allowable Head (Rain Gutter Pipe Bottom Perforations) = 12 INCHES

Orifice Coef. Of Discharge (Rain Gutter Pipe Perforations) = 0.6 TYPICAL

ID Drainage Area
Runoff Volume 

(Q)
Pipe I.D.  (DR 

21) Pipe Slope
Flow Capacity 

(Qmax)
Factor of 

Safety K  Flow Depth Flow Area Flow Velocity

(AC) (CFS) (IN) (%) (CFS) (>/= 1.10) (CONSTANT) (< 265O) (IN) (SF) (FPS)

Max. Area - 6" 0.31 1.26 6.0 3 1.40 1.11 0.281 234 4.37 0.15 8.25

Max. Area - 8" 0.62 2.53 7.8 3 2.82 1.12 0.279 233 5.65 0.26 9.82

Max. Area - 10" 1.12 4.57 9.7 3 5.05 1.11 0.282 235 7.09 0.40 11.38

Max. Area - 12" 1.77 7.22 11.5 3 7.95 1.10 0.283 235 8.43 0.57 12.75

ID Drainage Area
Runoff Volume 

(Q)
Pipe I.D.  (DR 

21)
X-Sectional 

Area
Flow Capacity 

(Qmax)
Factor of 

Safety

(AC) (CFS) (IN) (SF) (CFS) (>/= 1.10)

Max. Area - 8" 0.50 2.04 7.8 0.33 2.26 1.11

Max. Area - 10" 0.77 3.14 9.7 0.51 3.49 1.11

Max. Area - 12" 1.09 4.45 11.5 0.72 4.91 1.10

Max. Area - 14" 1.33 5.43 12.7 0.88 5.99 1.10

Max. Area - 16" 1.73 7.06 14.5 1.15 7.81 1.11

Max. Area - 18" 2.19 8.94 16.3 1.45 9.87 1.10

ID Drainage Area
Runoff Volume 

(Q)
Pipe I.D.  (DR 

21) Pipe Slope
Flow Capacity 

(Qmax)
Factor of 

Safety K  Flow Depth Flow Area Flow Velocity

(AC) (CFS) (IN) (%) (CFS) (>/= 1.10) (CONSTANT) (< 265O) (IN) (SF) (FPS)

Max. Area - 8" 0.96 3.92 7.8 7 4.32 1.10 0.283 235 5.71 0.26 15.03

Max. Area - 10" 1.71 6.98 9.7 7 7.72 1.11 0.282 235 7.08 0.40 17.37

Max. Area - 12" 2.70 11.02 11.5 7 12.15 1.10 0.283 235 8.42 0.57 19.47

Max. Area - 14" 3.52 14.36 12.7 7 15.83 1.10 0.283 235 9.30 0.69 20.80

Max. Area - 16" 5.02 20.48 14.5 7 22.55 1.10 0.283 236 10.63 0.90 22.73

Max. Area - 18" 6.85 27.95 16.3 7 30.80 1.10 0.283 235 11.94 1.14 24.57

ID
Max. Drainage 

Length
Runoff 

Volume/LF Pipe No. Holes/LF
X-Sectional 

Area
Flow Capacity 

(Qmax)
Factor of 

Safety

(LF) (CFS) (SF/Hole) (CFS/LF) (>/= 1.10)

2 Bottom Perfs. @ 
4" O.C. 300 0.028 6 0.001 0.039 1.40

Dimension Ratio (DR) of Pipe = 21

Nominal Pipe Size Pipe O.D.
Min. Wall 
Thickness Pipe I.D.

(IN) (IN) (IN) (IN)

6 6.625 0.315 6.0

8 8.625 0.411 7.8

10 10.75 0.512 9.7

12 12.75 0.607 11.5

14 14 0.667 12.7

16 16 0.762 14.5

18 18 0.857 16.3

24 24 1.143 21.7

Down Pipes

Down Pipe Drop Inlets

Pipe Dimensions

Rain Gutter Pipe Perforations

Note:  Conservatively Neglects Upper Holes.

LAQ

4/4
DAVDCO-10-5

3/2/12
PKS

Rain Gutters

Richardson Smith Gardner & Associates, Inc. FCS RAIN GUTTERS & DPIPES
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SECTION 02110 
 

SITE PREPARATION 

 
A.  DESCRIPTION 
 

1. General:   
 

a. The Contractor shall furnish all labor, material, and equipment to 
complete Site Preparation in accordance with the Contract Drawings and 
these Specifications. 

 
b. Principal items of work include: 

 
1. Notifying all authorities owning utility lines running to or on the 

property.  Protect and maintain all utility lines to remain and cap 
those that are not required in accordance with instructions of the 
Utility Companies, and all other authorities having jurisdiction. 

 
2. Clearing the site within the clearing limits, including removal of 

grass, brush, shrubs, trees, loose debris, and other encumbrances 
except for trees to remain. 

 
3. Boxing and protecting all areas to be preserved. 

 
4. Removing all topsoil from designated areas and stockpiling on site 

where directed by the Engineer for future use. 
 

5. Disposing from the site all debris resulting from work under this 
Section. 

 
2. Related Work: 

 
Related Contract Work is described in the following sections of the 
Specifications: 

 
Work     Section 

Excavation      02222 
Embankment      02223 

 
 
 

Site Preparation:  Site Preparation includes clearing, grubbing, and stripping operations which 
precede the proposed construction.
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B.  MATERIALS  Not Used. 
 
C.  SUBMITTALS 
 

The Contractor shall submit the following to the Engineer prior to performance of the 
work: 

 
1.  Location for disposal of clearing debris and waste. 

 
2.  Permit(s) or approval(s) for burning of clearing debris.  

 
D.  CONSTRUCTION 
 

1. Clearing of the Site:   
 

a. Clearing limits, as shown on the Contract Drawings, shall be established 
by the Contractor’s Surveyor.  Once established, the clearing limits shall 
be inspected and approved by the Engineer prior to clearing the affected 
areas. 

 
b. Before removal of topsoil, and start of excavation and grading operations, 

the areas within the clearing limits shown on the Contract Drawings shall 
be cleared and grubbed. 

 
c. Clearing shall consist of cutting, removal, and satisfactory disposal of all 

trees, fallen timber, brush, bushes, rubbish, fencing, and other perishable 
and objectionable material. 
 
Should it become necessary to remove a tree, bush, brush, or other plants 
outside the clearing limits, the Contractor shall do so only after permission 
has been granted by the Engineer. 

 
d. Excavation resulting from the removal of trees, roots, and the like shall be 

filled with suitable material, as approved by the Engineer, and thoroughly 
compacted per the requirements contained in Section 02223, 
Embankment, of these Specifications. 

 
e. In temporary construction easement locations, only those trees and shrubs 

shall be removed which are in actual interference with excavation or 
grading work under this Contract, and removal shall be subject to approval 
by the Engineer.  However, the Engineer reserves the right to order 
additional trees and shrubs removed at no additional cost to the Owner, if 
such, in his opinion, they are too close to the work to be maintained or 
have become damaged due to the Contractor's operations. 
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2. Stripping and Stockpiling Existing Topsoil:  
 

a. Existing topsoil and sod on the site within areas designated on the 
Contract Drawings shall be stripped to whatever depth it may occur, and 
stored in locations directed by the Engineer. 

 
b. The topsoil shall be free of stones, roots, brush, rubbish, or other 

unsuitable materials before stockpiling. 
 

c. Care shall be taken not to contaminate the stockpiled topsoil with any 
unsuitable materials. 

 
3. Grubbing: 

 
a. Grubbing shall consist of the removal and disposal of all stumps, roots, 

logs, sticks, and other perishable materials to a depth of at least 6 inches 
below ground surfaces. 

 
b. Large stumps located in areas to be excavated may be removed during 

grading operations, subject to the approval of the Engineer. 
 

4. Disposal of Cleared and Grubbed Material: 
 

No open burning of clearing debris will be allowed on this project.  Air curtain 
burning will be allowed only by permit through the Fire Department having local 
jurisdiction and in accordance with 15A NCAC 02D.1904 (Air Curtain Burners).  
Any material other than plant growth shall not be burned.  Otherwise, all trees, 
stumps, roots, bushes, etc. shall be removed from the site and disposed of by the 
Contractor. 

 
 

END OF SECTION 
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SECTION 02140 
 

DEWATERING 

 
A. DESCRIPTION 
 

1. General:   
 

The Contractor shall furnish all labor, material, and equipment to complete 
Dewatering in accordance with the Contract Drawings and these Specifications. 

 
2. Related Work: 

 
Related Contract Work is described in the following sections of the 
Specifications: 

 
Work     Section 

Excavation      02222 
Embankment      02223 

 
B. MATERIALS  Not Used. 
 
C. SUBMITTALS 
 

Procedures for Dewatering proposed by the Contractor shall be submitted to the Engineer 
for review prior to any Dewatering operations. 

 
D. CONSTRUCTION 
 

1. The Contractor shall do all Dewatering as required for the completion of the work.  All 
surface or ground water removed by Dewatering operations shall be disposed of in 
accordance with all applicable regulations. 
 

2. The Dewatering system shall be of sufficient size and capacity as required to control 
ground water or seepage to permit proper excavation operations, embankment 
construction and reconstruction, subgrade preparation, and to allow concrete to be placed 
in a dry condition.  The system shall include a sump system or other equipment, 
appurtenances, and other related earthwork necessary for the required control of surface 
water.  The Contractor shall drawdown ground water to at least 3 feet below the bottom 
of excavations at all times in order to maintain a dry and undisturbed condition. 

 

Dewatering:  Dewatering refers to controlling and disposing of surface and shallow ground 
water as is necessary for proper excavation, compaction, and other operations requiring dry 
conditions. 
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3. The Contractor shall take all the steps that he considers necessary to familiarize himself 
with the surface and subsurface site conditions, and shall obtain the data that is required 
to analyze the water and soil environment at the site and to assure that the materials used 
for the Dewatering systems will not erode, deteriorate, or clog to the extent that the 
Dewatering systems will not perform properly during the period of Dewatering. 

 
4. The Contractor shall control, by acceptable means, all water regardless of source.  Water 

shall be controlled and its disposal provided for at each berm, structure, etc. when 
necessary.  The entire periphery of the excavation area shall be ditched and diked to 
prevent surface water from entering the excavation where applicable.  The Contractor 
shall be fully responsible for disposal of the water and shall provide all necessary means 
at no additional expense to the Owner.  The Contractor shall be solely responsible for 
proper design, installation, proper operation, maintenance, and any failure of any 
component of the system. 

 
5. The Contractor shall be responsible for and shall repair without cost to the Owner, any 

damage to work in place and the excavation, including damage to the bottom due to 
heave and including removal of material and pumping out of the excavated area.  The 
Contractor shall be responsible for damages to any other area or structure caused by his 
failure to maintain and operate the Dewatering system proposed and installed by the 
Contractor. 

 
 
 

END OF SECTION 
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SECTION 02222 
 

EXCAVATION 

 
A. DESCRIPTION 
 

1. General: 
 

The Contractor shall furnish all labor, material, and equipment required to 
complete Excavation of the project area in accordance with the Contract 
Drawings and these Specifications, except as noted below: 

 
a. Clearing and grubbing and removal of topsoil is addressed in Section 

02110, Site Preparation, of these Specifications. 
 

b. Removal of rock is addressed in Section 02229, Rock Removal, of these 
Specifications. 

 
2. Related Work: 

 
Related Contract Work is described in the following sections of the 
Specifications: 

 
Work  Section 

Site Preparation   02110 
Dewatering   02140 
Embankment   02223 
Rock Removal   02229 
Erosion and Sedimentation Control   02270 
Roadway Work   02500 
CQA Manual  Attached 

 
3. Quality Assurance: 

 
Quality Assurance during Excavation will be provided by the Owner as described 
in the accompanying Project CQA Manual. 

 
 
 
 

Excavation:  Excavation includes excavating, sealing, hauling, scraping, undercutting, 
removal of accumulated surface water or ground water, stockpiling, and all necessary and 
incidental items as required for bringing the landfill and related structures to the specified 
lines and grades. 
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4. Definitions: 
 

a. Excavation:  shall consist of the removal and satisfactory disposal and/or 
stockpiling of all materials (borrow and/or unsuitable materials included) 
located with the limits of construction including widening cuts and 
shaping of slopes necessary for the preparation of roadbeds, slope areas, 
cutting of any ditches, channels, waterways, entrances, and other work 
incidental thereto. 

 
b. Borrow:  shall consist of approved on-site material required for the 

construction of embankments/fills or for other portions of the work. 
 

c. Select Borrow (Where Applicable):  shall consist of approved off-site 
material required for the construction of embankments/fills, roadway 
subgrade, backfilling, or for other portions of the work as shown on 
Contract Drawings or in these Specifications.  The Contractor shall make 
his own arrangements for obtaining select borrow and pay all costs 
involved. 

 
d. Unsuitable Material:  is any in-place or excavated material which contains 

undesirable materials or is in a state which is not appropriate, in the 
opinion of the CQA Engineer, for the intended use or support of planned 
structures, embankment, or excavation.  This may include but not be 
limited to organic material, waste/refuse, soft, or wet material not meeting 
required specifications, etc. 

 
e. Unsuitable Material Overexcavation:  shall consist of the removal and 

satisfactory disposal of all unsuitable material located within the limits of 
construction and below subgrade elevations shown or indicated on the 
Contract Drawings.  Where excavation to the subgrade elevations results 
in a subgrade or slopes of unsuitable material, the Contractor shall 
overexcavate such material to below the grades shown or indicated on the 
Contract Drawings or as otherwise directed by the Engineer and CQA 
Engineer. 

 
B. MATERIALS 
 

Excavation shall include the removal of all soil, weathered rock, boulders, conduits, pipe, 
unsuitable material, and all other obstacles encountered and shown or indicated on the 
Contract Drawings and/or specified herein. 

 
C. SUBMITTALS 
 

The Contractor shall submit the following to the CQA Engineer before approval is given 
to proceed: 
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1. Information on Excavation equipment to be used. 
 

2. List of disposal site(s) for waste and unsuitable materials. 
 

3. For excavations not shown on the Contract Drawings and if requested by the 
Engineer, submit excavation plans clearly showing the limits and slopes of the 
proposed excavation. 

 
D. CONSTRUCTION 
 

1. The Contractor shall conduct Excavation activities in such a manner that erosion 
of disturbed areas and off site sedimentation is absolutely minimized as outlined 
in Section 02270, Erosion and Sedimentation Control, of these Specifications. 

 
2. The Contractor shall excavate to the lines and grades shown on the Contract 

Drawings and stockpile all suitable excavated materials.  As the excavation is 
made, the materials will be examined and identified to the CQA Engineer. 

 
The Contractor will perform all surveys necessary to establish and verify lines and 
grades for all Excavation, including pipe excavations, soil overexcavation, and 
anchor trenches. 

 
3. Stockpiling: 

 
The Contractor shall stockpile the materials in appropriate stockpiles as approved 
by the CQA Engineer. 

 
Stockpiles shall be properly sloped and the surfaces sealed by the Contractor at 
the end of each working day, or during the day in the event of heavy rain, to the 
satisfaction of the Engineer. 

 
4. The Contractor shall protect all existing facilities and structures including, but not 

limited to, existing utilities, monitoring wells, signs, grade stakes, etc. during the 
grading and stockpiling operations. 

 
5. All excavations shall be made in the dry and in such a manner and to such widths 

as will give ample room for properly constructing and inspecting the structures 
and/or piping they are to contain and for such sheeting, timbering, pumping, and 
drainage as may be required. 

 
6. The Contractor shall be responsible for Dewatering, as described in Section 02140 

Dewatering, of these Specifications, when necessary.  Except for certain erosion 
and sedimentation control measures and other areas designated to impound water, 
all areas shall be graded to drain. 
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7. Excavation slopes shall be flat enough to avoid sloughs and slides that will cause 
disturbance of the subgrade or damage of adjacent areas.  Slides and overbreaks 
which occur due to negligence, carelessness, or improper construction techniques 
on the part of the Contractor shall be removed and disposed of by the Contractor 
as directed by the Engineer at no additional cost to the Owner. 

 
8. The intersection of slopes with natural ground surfaces, including the beginning 

and ending of cut slopes, shall be uniformly rounded.  All protruding roots and 
other vegetation shall be removed from slopes. 

 
9. The bottom of all excavations for structures and pipes shall be examined by the 

CQA Engineer for bearing value and the presence of unsuitable material.  If, in 
the opinion of the CQA Engineer, additional Excavation is required due to the low 
bearing value of the subgrade material, or if the in-place materials are soft, 
yielding, pumping and wet, the Contractor shall remove such material to the 
required width and depth and replace it with thoroughly compacted structural fill, 
or material directed by the CQA Engineer.  No payment will be made for 
subgrade disturbance caused by inadequate Dewatering or improper construction 
methods. 

 
10. Any areas excavated below design subgrade elevations by the Contractor, unless 

directed by the CQA Engineer, shall be brought back to design elevations at no 
cost to the Owner.  The Contractor shall place and compact such material in 
accordance with Section 02223, Embankment, of these Specifications. 

 
11. The Contractor shall dispose of excess or unsuitable excavation materials on-site 

at location(s) approved by the Owner. 
 

12. The Contractor shall properly level-off bottoms of all excavations.  Proof-rolling 
shall be conducted with appropriate equipment. 

 
13. Upon reaching subgrade elevations shown in excavation areas, the Contractor 

shall scarify subgrade soils to a minimum depth of 6" and obtain the CQA 
Engineer’s approval of quality.  If unsuitable materials are encountered at the 
subgrade elevation, perform additional excavations as approved by the CQA 
Engineer to remove unsuitable materials. 

 
14. Overexcavation and Backfill: 

 
a.  Where subgrade materials are determined to be unsuitable, such materials 

shall be removed by the Contractor to the lengths, widths, and depths 
approved by the Engineer and CQA Engineer in advance and backfilled 
with compacted Embankment in accordance with Section 02223, 
Embankment, of these Specifications.   
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b.  No additional payment will be made for such overexcavation and backfill 
1 foot or less than the finished subgrade as this is considered superficial.  

 
c.  Where overexcavation of unsuitable material is greater than 1 foot beneath 

the finished subgrade, payment shall be made on a unit price basis for 
overexcavation and backfill and the measured quantity shall include the 
entire excavation quantity below the finished subgrade elevations.  The 
unit price for overexcavation and backfill shall include disposal of 
unsuitable materials. 

 
15. All cuts shall be brought to the grade and cross section shown or indicated on the 

Contract Drawings, or established by the Engineer, prior to final inspection. 
 

16. The Contractor shall protect finished lines and grades of completed excavation 
against excessive erosion, damage from trafficking, or other causes and shall 
repair any damage at no additional cost to the Owner. 

 
17. Trench Excavation: 

 
a. All pipe Excavation and trenching shall be done in strict accordance with 

these Specifications, all applicable parts of the OSHA Regulations, 29 
CFR 1926, Subpart P, and other applicable regulations.  In the event of 
any conflicts in this information, safe working conditions as established by 
the appropriate OSHA guidelines shall govern. 

 
b. The minimum trench widths shall be as indicated on the Contract 

Drawings.  Enlargements of the trench shall be made as needed to give 
ample space for operations at pipe joints.  The width of the trench shall be 
limited to the maximum dimensions shown on the Contract Drawings, 
except where a wider trench is needed for the installation of and work 
within sheeting and bracing. 

 
c. Except where otherwise specified, excavation slopes shall be flat enough 

to avoid slides which will cause disturbance of the subgrade, damage to 
adjacent areas, or endanger the lives or safety of persons in the vicinity. 

 
d. Hand excavation shall be employed wherever, in the opinion of the 

Engineer, it is necessary for the protection of existing utilities, poles, trees, 
pavements, obstructions, or structures. 

 
e. No greater length of trench in any location shall be left open, in advance 

of pipe laying, than shall be authorized or directed by the Engineer and, in 
general, such length shall be limited to approximately one hundred (100) 
feet. 
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f. Pipe Bedding:  All pipe bedding shall be as shown on the Contract 
Drawings, unless otherwise specified herein. 

 
18. Sheeting and Bracing: 

 
a. The Contractor shall furnish, place, and maintain such sheeting and 

bracing which may be required to support sides of Excavation or to protect 
pipes and structures from possible damage and to provide safe working 
conditions in accordance with current OSHA requirements.  If the 
Engineer is of the opinion that at any point sufficient or proper supports 
have not been provided, he may order additional supports put in at the sole 
expense of the Contractor.  The Contractor shall be responsible for the 
adequacy of all sheeting and bracing used and for all damage resulting 
from sheeting and bracing failure or from placing, maintaining, and 
removing it. 

 
b. The Contractor shall exercise caution in the installation and removal of 

sheeting to insure that excessive or unusual loadings are not transmitted to 
any new or existing structure.  The Contractor shall promptly repair at his 
expense any and all damage that can be reasonably attributed to sheeting 
installation or removal. 

 
c. All sheeting and bracing shall be removed upon completion of the work. 

 
19. If grading operations are suspended for any reason whatsoever, partially 

completed cut and fill slopes shall be brought to the required slope and the work 
of seeding and mulching or other required erosion and sedimentation control 
operations shall be performed at the Contractor’s sole expense. 

 
20.  Excavations into Waste: 

 
The Contractor shall use caution when making excavations into waste.  Any 
exposed waste shall be tarped or covered in some fashion (as approved by the 
Engineer) at the end of each day to prevent exposure to vectors. 

 
 

END OF SECTION 
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SECTION 02223 
 

EMBANKMENT 

 
A. DESCRIPTION 
 

1. General: 
 

The Contractor shall furnish all labor, material, and equipment to complete 
Embankment including borrowing, hauling, screening, discing, drying, 
compaction, control of surface and subsurface water, final grading, sealing, and 
all necessary and incidental items as detailed or required to complete the 
Embankment, all in accordance with the Contract Drawings and these 
Specifications. 

 
2. Related Work: 

 
Related Contract Work is described in the following sections of the 
Specifications: 

 
Work     Section 

Dewatering  02140 
Excavation  02222 
Rock Removal  02229 
Erosion and Sedimentation Control  02270 
Roadway Work  02500 
CQA Manual Attached 

 
3. Reference Standards: 

 
The latest revision of the following standards of the American Society of Testing 
and Materials (ASTM) are hereby made a part of these Specifications. 
 
ASTM D 698 Test Method for Laboratory Compaction Characteristics of 

Soil Using Standard Effort (12,400 ft-lbf/ft3). 
 

ASTM D 1556 Standard Test Method for Density and Unit Weight of Soil 
in Place by the Sand-Cone Method. 

 
ASTM D 2167 Standard Test Method for Density and Unit Weight of Soil 

in Place by the Rubber Balloon Method. 

Embankment:  Embankment is the on-site compacted fill that provides the foundation and the 
berms for the containment area, the subgrade for some access roadways and structures, and 
backfill around structures and piping. 
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ASTM D 2216 Standard Test Method for Laboratory Determination of 
Water (Moisture) Content of Soil and Rock by Mass. 

 
ASTM D 2487 Standard Practice for Classification of Soils for 

Engineering Purposes (Unified Soil Classification System). 
 

ASTM D 2488 Standard Practice for Description and Identification of 
Soils (Visual-Manual Procedure). 

 
ASTM D 2937 Standard Test Method for Density of Soil in Place by the 

Drive Cylinder Method. 
 

ASTM D 4643  Standard Test Method for Determination of Water 
(Moisture) Content of Soil by the Microwave Oven 
Method. 

 
ASTM D 4959  Standard Test Method for Determination of Water 

(Moisture) Content of Soil by Direct Heating Method. 
 

ASTM D 6938 Standard Test Methods for In-Place Density and Water 
Content of Soil and Soil-Aggregate in Place by Nuclear 
Methods (Shallow Depth). 

 
4. Quality Assurance: 

 
Quality Assurance during placement of Embankment will be provided by the 
Owner as described in the accompanying Project CQA Manual. 

 
5. Definitions: 

 
a Embankment:  Shall include construction of all site earthwork including 

roadways, subgrade, perimeter berm embankments, including preparation 
of the areas upon which materials are to be placed.  Embankment may also 
be referred to as structural and/or controlled fill.  All Embankment 
materials may be either (off-site) Select Borrow or (on-site) Borrow unless 
otherwise noted on Contract Drawings or specified by the Engineer. 

 
b. Prepared Subgrade:  The ground surface after clearing, grubbing, 

stripping, excavation, scarification, and/or compaction, and/or proof 
rolling to the satisfaction of the CQA Engineer. 

 
c. Well-Graded:  A mixture of particle sizes that has no specific 

concentration or lack thereof of one or more sizes.  Well-graded does not 
define any numerical value that must be placed on the coefficient of 
uniformity, coefficient of curvature, or other specific grain size 
distribution parameters.  Well-graded is used to define a material type that, 
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when compacted, produces a strong and relatively incompressible soil 
mass free from detrimental voids. 

 
d. Unclassified Fill:  The nature of materials to be used is not identified or 

described herein but must be approved by the Engineer prior to use. 
 
B. MATERIALS 
 

1. Embankment materials shall consist of clean well-graded natural soil classified as 
SP, SW, SM, SC, ML, or CL (ASTM D 2487) containing no topsoil or other 
deleterious material.  Additionally, for the upper 2 feet beneath the final wearing 
surface of roadways including shoulders, Embankment materials shall have a 
liquid limit less than 50%, a plasticity index less than 20% (ASTM D 2487) and 
have a maximum standard Proctor dry density of at least 100 pounds per cubic 
foot (ASTM D 698). 

 
 Other material classifications may be approved by the Engineer. 

 
2. Stones or rock fragments shall not exceed one half the maximum lift thickness as 

compacted in any dimension.  Isolated rocks shall be a maximum of 24-inches in 
any dimension. 

 
C. SUBMITTALS 
 

The Contractor shall submit the following to the CQA Engineer before approval is given 
to proceed: 

 
1. Information on equipment to be used for construction of Embankment. 

 
2. Descriptive information on the location and source of any off-site borrow material 

to be used for Embankment, where applicable.  Information shall include 
Standard Proctor curves (ASTM D698) for each borrow material. 

 
D. CONSTRUCTION 
 

1. The Contractor shall conduct Embankment activities in such a manner that 
erosion of disturbed areas and off-site sedimentation is absolutely minimized as 
outlined in Section 02270, Erosion and Sedimentation Control, of these 
Specifications. 

 
2. All placement and compaction of Embankment shall be performed only when the 

CQA Engineer is informed by the Contractor of intent to perform such work. 
 

3. Embankment shall be placed and compacted to the lines and grades shown on the 
Contract Drawings.  Placement of Embankment outside the construction limits 
shall occur only as directed and approved by the Engineer. 
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The Contractor will perform all surveys necessary to establish and verify lines and 
grades for all Embankment. 

 
4. The Contractor shall protect all existing facilities including, but not limited to, 

utilities and monitoring wells. 
 

5. Subgrade Preparation: 
 

a. The CQA Engineer shall inspect the exposed subgrade prior to placement 
of Embankment to assure that all rocks, topsoil, vegetation, roots, debris, 
or other deleterious materials have been removed. 

 
b. Prior to placement of Embankment, the exposed subgrade shall be 

proofrolled using a static smooth-drum roller, loaded tandem axle dump 
truck, or other suitable equipment in the presence of the CQA Engineer.  
Any soft or unsuitable materials revealed before or during the in-place 
compaction shall be removed as directed by the CQA Engineer and 
replaced with suitable Embankment. 

 
6. Surfaces on which Embankment is to be placed, shall be scarified or stepped in a 

manner which will permit bonding of the Embankment with the existing surface. 
 

7. The Contractor shall be responsible for preparing the materials for the 
Embankment, including but not limited to, in-place drying or wetting of the soil 
necessary to achieve the compaction criteria of these Specifications. 

 
8. The Contractor shall be responsible for Dewatering, as described in Section 02140 

Dewatering, of these Specifications when necessary.  Except for certain erosion 
and sedimentation control measures and other areas designated to impound water, 
all areas shall be graded to drain. 

 
9. Embankment materials shall be placed in a manner permitting drainage and in 

continuous, approximately horizontal layers. 
 

10. Compaction Requirements: 
 

a. The Contractor shall compact Embankment in accordance with the 
requirements shown in Table 1 of this section.  If Embankment does not 
meet the specified requirements, the Contractor shall rework the material, 
as may be necessary and continue compaction to achieve these 
requirements, or remove and replace the material to achieve the specified 
requirements, at Contractor's expense. 

 
b. Each lift shall be compacted prior to placement of succeeding lifts.  In 

confined areas, mechanical equipment, suitable for small areas and 
capable of achieving the density requirements, shall be required. 
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c. Lift compaction shall be performed with an appropriately heavy, properly 
ballasted, penetrating-foot or smooth-drum vibratory compactor 
depending on soil type.  Compaction equipment shall be subject to 
approval by the CQA Engineer. 

 
11. Embankment that becomes excessively eroded, soft, or otherwise unsuitable shall 

be removed or repaired by the Contractor as directed by the CQA Engineer, at no 
cost to the Owner. 

 
12. The exposed surface of Embankment shall be rolled with a smooth-drum roller at 

the end of each work day to protect from adverse weather conditions. 
 

13. Where Embankment is to be placed and compacted on slopes that are steeper than 
3H:1V, the subgrade shall be benched to a minimum depth of 6 inches and the 
Embankment shall be placed in horizontal lifts. 

 
14. Backfilling for Structures and Piping: 

 
a. All structures, including manholes and pipes shall be backfilled with 

Embankment as shown in the Contract Drawings and as described in these 
Specifications. 

 
b. Where sheeting is used, the Contractor shall take all reasonable measures 

to prevent loss of support beneath and adjacent to pipes and existing 
structures when sheeting is removed.  If significant volumes of soil cannot 
be prevented from clinging to the extracted sheets, the voids shall be 
continuously backfilled as rapidly as possible.  The Contractor shall 
thereafter limit the depth below subgrade that sheeting will be driven in 
similar soil conditions or employ other appropriate means to prevent loss 
of support. 

 
c. When backfilling around structures, do not backfill until concrete has 

sufficiently cured (as determined by the CQA Engineer) and is properly 
supported.  Place backfill in a manner to avoid displacement or damage of 
structures. 
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TABLE 1: REQUIRED EMBANKMENT PROPERTIES 
 
 

 
ITEM 

 
Required % 

Standard 
Proctor 

(ASTM D698)2 
 

Required 
Moisture Content3 

 
Maximum Lift  

Thickness 
(Compacted) 

(inches) 
 

 
Embankment Beneath 
Structures and Roads1 

 
100 +/- 2% of Optimum 

(std. Proctor) 

 
8 

 
Embankment 

 
95 As Required for 

Compaction 

 
8 

 
Backfill Around 
Structures 

 
95 

 
8 

 
Backfill in Pipe Trenches 

 
95 

 
6 

 
Unclassified Fill 

 
N/A N/A 

 
N/A 

 
Notes: 

 
1. Embankment beneath structures shall be considered to include a zone 10 feet out 

from the foundation of the structure extending down to the natural ground on a 
45 slope.  Embankment beneath roads shall be considered to include all 
embankment placed within 2 vertical feet of the final wearing surface and shall 
also include shoulders. 

2.  Determine field density using ASTM D 6938, ASTM D 1556, ASTM D 2167, or 
ASTM D 2937. 

3.  Determine field moisture content using ASTM D 6938, ASTM D 2216, ASTM D 
4643, or ASTM D 4959. 

4.  The Engineer may allow exceptions to the above criteria for areas outside of the 
containment area which are not subject to significant long-term loads. 

 
 

END OF SECTION 
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SECTION 02229 
 

ROCK REMOVAL 

 
A. DESCRIPTION 
 

1. General:   
 

The Contractor shall furnish all labor, material, and equipment to complete Rock 
Removal which may be necessary during construction, all in accordance with the 
Contract Drawings and these Specifications. 

 
2. Related Work: 

 
Related Contract Work is described in the following sections of the 
Specifications: 

 
Work     Section 

Excavation      02222 
Embankment      02223 

 
B. MATERIALS 
 

For the purposes of this Project, Rock shall refer to any material occupying an original 
volume of at least one cubic yard which cannot by excavated with a single-tooth ripper 
drawn by a large crawler tractor or an excavator equipped with a rock ripping bucket 
having a minimum draw bar pull or stick crowd force rated at not less than 56,000 
pounds (Caterpillar D 8K, D9, or equivalent dozers; Caterpillar 375 or equivalent 
excavator). 

 
C. SUBMITTALS 
 

The Contractor shall submit the following to the Engineer: 
 

1. Submit Rock Removal procedures for review and approval in advance. 
 

2.  Pre-Blasting Requirements: 
 

a.  Submit the qualifications of the blasting subcontractor (or of the 
Contractor himself if applicable), including applicable licensing 
information and proof of insurance. 

 

Rock Removal:  Rock Removal refers to the removal of rock material of a size and nature 
which cannot be excavated by traditional means.
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b.  If the Contractor uses a separate firm to perform pre-blast or post-blast 
surveys and/or damage analysis, the Contractor shall submit the 
appropriate qualifications. 

 
c.  Submit the procedure for handling blasting damages and claims. 

 
d.  Submit a blasting plan for review and approval at least 2 weeks prior to 

any blasting. 
 

e.  Where notification of nearby property owners is required, the Contractor 
shall provide the Engineer with a sample of each required notification 
letter for approval prior to sending the letter. 

 
3.  Post-Blasting Requirements: 

 
a.  Submit a copy of any/all pre-blast surveys, blasting logs, seismograph 

records, video records, and post-blast surveys. 
 
D. CONSTRUCTION 
 

1.  When rock is encountered, immediately notify the Engineer and do not proceed 
until instructions are received and measurements are made for the purpose of 
establishing the volume of rock excavation.  When payment is to be made on a 
unit price basis, the rock shall be completely stripped of all overburden over the 
entire area, if for a structure or large area (Rock Removal - Mass), and over a 
length of at least 50 feet if for a pipeline (Rock Removal - Trench).  Alternatively, 
test pits at suitable spacing may be used to determine the top of rock elevations if 
approved by the Engineer and Owner. 

 
2. Quantities shall be determined by the Contractor=s surveyor and shall be approved 

by the Engineer prior to commencement of rock excavation and shall be the basis 
for payment.  The surveyed top elevations of the rock and the dimensions given in 
the following paragraph shall be used to determine the quantity of rock for 
payment. 

  
3. Where rock is encountered above design subgrade elevations outside of the 

footprint of the liner system, rock shall be removed to approximately 1 foot below 
the subgrade lines and grades indicated on the Contract Drawings as approved by 
the Engineer.  Within the footprint of the liner system (current or future cell), rock 
shall be removed to at least 4 feet below the design subgrade elevations (or, 
alternatively, below Engineer-adjusted subgrade elevations).  In pipe trenches, 
rock shall be removed to at least 6 inches below the pipe invert elevations and 2 
feet wider than the outside diameter of pipe, but not less than 3 feet minimum 
trench width. 
 
The subgrade shall be brought back up to grade by placing suitable Embankment 
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as described in Section 02223, Embankment, of these Specifications.  The cost of 
the rock removal shall include the cost of this related earthwork. 

 
4. Blasting: 

 
a. Blasting cannot be performed on the project unless authorized in advance 

by State Solid Waste regulators, the Engineer, and the Owner. 
 

b. Blasting shall only be performed when all other reasonable methods fail to 
remove the rock. 

 
c.  The Contractor shall secure a blasting permit from the local Fire 

Department and/or any appropriate Government Agency before using any 
explosives. 

 
d.  Blasting procedures shall conform to all applicable local and State laws 

and ordinances.  Approval of the Engineer and Owner is required before 
the performance of any blasting.  The Contractor shall take all necessary 
precautions to protect life and property, including the use of an approved 
blasting mat where there exists the danger of throwing rock or overburden. 

 
e.  Unless otherwise authorized, blasting shall be performed such that the 

measured peak particle velocity at the nearest on or off-site structure or 
monitoring well is no greater than 1 inch per second as verified by 
seismograph(s). 

 
f.  The Contractor shall keep explosive materials that are on the project site 

in specially constructed boxes provided with locks.  These boxes shall be 
painted red and plainly identified as to their contents.  Failure to comply 
with this requirement shall be grounds for suspension of blasting 
operations until full compliance is made. 

 
g.  Two weeks prior to performing any pre-blast surveys, the Contractor shall 

notify all property owners within 500 feet of the blasting zone of the intent 
to perform the pre-blast surveys within the area.  The letter shall include 
the following; the name of the Contractor, the name of the project, whom 
he is working for (the Owner), what the pre-blast survey is, a number to 
call to set up an appointment, and any other pertinent information.  
Additional notifications may be required for structures close to the blast or 
special conditions. 

 
h.  Two weeks prior to blasting, the Contractor shall notify all property 

owners within 500 feet of the blasting zone of the intent to perform 
blasting within the area.  The letter shall include the following; the name 
of the Contractor, the name of the project, whom he is working for (the 
Owner), the approximate date of blasting, warnings used, and who to 
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contact in case of damage.  Damage claim forms are available from the 
Owner.  Additional notifications maybe required for structures close to the 
blast or special conditions.  

 
i.  Prior to blasting, the Contractor shall perform pre-blast surveys of 

structures within 500 feet of the blasting zone.  Structures shall include 
houses, buildings, pools, roads, sidewalks, concrete structures, exposed 
utilities, etc.  The pre-blast survey shall contain a detailed inspection of 
the exterior and interior of the building showing location of all existing 
damage to the house and surrounding structures.  The pre-blast survey 
shall include photographic evidence as well as written evidence and will 
be done in the presence of the property owner.  Should any property 
owner refuse to allow a pre-blast survey, the Contractor shall document 
the refusal by providing evidence of attempts to perform the survey.  

 
j.  The Contractor shall notify the Engineer and Owner, at least 24 hours in 

advance, of the blasting.  The Owner or their representative shall witness 
all blasting. 

 
k.  When blasting in close proximity of utility lines, the Contractor shall 

contact the owner of the utility in advance of the blasting.  It is strongly 
encouraged that the utility have a representative on site in case they are 
needed. 

 
l.  Blasting shall be performed between the hours of 9:00 a.m. through 3:30 

p.m. Monday through Friday.  Blasting at other times and days may be 
allowed with prior permission from the Owner and Engineer. 

 
m.  Signs stating “Danger Blasting Zone” shall be installed along roads, 

public ways, in the vicinity of occupied buildings immediately adjacent to 
the blast area and other locations deemed necessary to warn the public of 
the blasting area.  Additional signs relating to use of electronic devices 
may be required depending on the ignition devices used in the blasting. 

 
n.  No blasting shall be performed unless a galvanometer is employed to 

check cap circuits.  The Contractor shall also keep a blasting log 
containing the following information for each and every blast: 

 
(1)  Date of blast;   
(2)  Time of blast; 
(3)  Foreman’s name; 
(4)  Approximate depth of overburden; 
(5)  Amount and type of explosive used in each hole; 
(6)  Type of caps used (instant or delay); 
(7)  Number and depth of holes; and 
(8)  Weather. 
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This blasting log shall be made available to the Engineer upon request and 
shall be kept in an orderly manner. 

 
o.  The Contractor shall monitor all blasting with up to four (4) seismographs 

placed near structures, monitoring wells, or other locations in proximity to 
the blast.  The number and location of the seismographs shall be approved 
by the Engineer prior to blasting.  In no case shall less than one be used.  
The seismograph shall measure ground vibration as well as air shock.  
After blasting, all seismograph records shall be provided to the Engineer. 

 
p.  The Contractor shall notify emergency services immediately prior to 

blasting. 
 

q.  Five minutes prior to blasting, the Contractor shall sound a series of long 
blasts on a horn and siren for 1 minute followed by an announcement over 
a loud speaker:  “Attention, Attention, We will be blasting in five 
minutes.” and repeated. 

 
r.  One minute prior to blasting, the Contractor shall sound a series of short 

blasts on a horn and siren followed by an announcement over a loud 
speaker:  “Attention, Attention, We will be blasting in one minute.” and 
repeated. 

 
s.  After the one-minute time and confirming the area is clear, the 

announcement of “Fire in the Hole” will be made over the loud speaker.  
After which time the blast shall be detonated. 

 
t.  After the blast is complete and the area has been determined to be safe, the 

Contractor shall sound a prolonged blast on the horn and siren followed by 
the announcement over the loud speaker of “All Clear”. 

 
u.  After blasting, a post-blast survey maybe required if the blast exceeds 

vibration parameters, damage is reported, or as the Engineer or Owner 
may require.  The post-blast survey shall be similar in form as the pre-
blast survey. 

 
v.  A video recording of all blasting shall be performed from the 5-minute 

warning through the all-clear signal.  The video camera shall be placed on 
a tripod at a safe distance from the blast.  The camera shall be placed so 
the entire blast may be seen.  The camera shall record date, time, sound, 
and video in a digital format on a mini-DVD tape, video CD, or video 
DVD.  Each tape, CD, or DVD shall be in a case.  Both the case and video 
media shall be labeled showing the job name, date of the video, and 
location.  An index shall be provided showing the sequence and location 
of each blast on the video.  Still pictures of before and after the blast may 
be submitted also but will not be an acceptable substitute for a video. 
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w.  The Contractor shall immediately notify the Engineer and Owner of any 
damage observed in post-blast surveys or damage claims.  A copy of any 
damage claim form shall be provided to both the Engineer and Owner. 

 
x. The Contractor shall be responsible for any and all damage or injury to 

persons or property resulting from the use of explosives.  Any damage 
done shall be promptly repaired by the Contractor at his expense. 

 
5. Excavated rock shall be placed on-site in locations as directed by the Owner. 

 
 

END OF SECTION 



  
Davidson County MSW Landfill  Specifications 
May 2012 GEOTEXTILES  Page 02240-1 

SECTION 02240 
 

GEOTEXTILES 

 
A.  DESCRIPTION   

 
1. General: 

 
The Contractor shall furnish all labor, material, and equipment to complete 
installation of Geotextiles including all necessary and incidental items as detailed 
or required for the Contractor to complete the installation in accordance with the 
Contract Drawings and these Specifications, except as noted below: 

 
a. Geotextiles used as a Silt Fence is covered under Section 02270, Erosion 

and Sedimentation Control, of these Specifications. 
 

2. Related Work: 
 

Related Contract Work is described in the following sections of the 
Specifications: 

 
Work     Section 

Erosion and Sedimentation Control   02270 
Roadway Work     02500 
Drainage Aggregate (Leachate Management) 02710 
Drainage Aggregate (Final Cover)   02711 
CQA Manual     Attached 

 
3. Reference Standards: 

 
The latest revision of the following standards of the American Society of Testing 
and Materials (ASTM) and the American Association of State Highway and 
Transportation Officials (AASHTO) are hereby made a part of these 
specifications. 
 

Geotextiles:  For the proposed construction, a Type GT-S (Separator/Filter) Geotextile, a 
Type GT-C (Cushion) Geotextile, and a Type GT-T (Temporary) Geotextile are specified.  
The Type GT-S Geotextile will be placed in the leachate collection system, between soil 
subgrade and aggregate in access roads, in the landfill gas system, and in some erosion control 
and drainage applications.  The Type GT-C Geotextile will be placed beneath aggregate to 
provide geomembrane protection.  The Type GT-T Geotextile will be placed in the 
construction of rain gutters. 
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ASTM D 3786 Test Method for Hydraulic Bursting Strength of Knitted 
Goods and Nonwoven Fabrics:  Diaphragm Bursting 
Strength Tester Method. 

 
ASTM D 4355 Standard Test Method for Deterioration of Geotextiles from 

Exposure to Ultraviolet Light and Water (Xenon-Arc Type 
Apparatus). 

 
ASTM D 4491 Standard Test Methods for Water Permeability of 

Geotextiles by Permittivity. 
 

ASTM D 4533 Standard Test Method for Trapezoid Tearing Strength of 
Geotextiles. 

 
ASTM D 4632 Standard Test Method for Grab Breaking Load and 

Elongation of Geotextiles. 
 

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

 
ASTM D 4833 Standard Test Method for Index Puncture Resistance of 

Geotextiles, Geomembranes, and Related Products. 
 

ASTM D 5261 Standard Test Method for Measuring Mass per Unit Area 
of Geotextiles. 

 
AASHTO M 288 Standard Specification for Geotextiles. 

 
4. Quality Assurance: 

 
Quality Assurance during installation of Geotextiles will be provided by the 
Owner as described in the accompanying Project CQA Manual. 

 
B. MATERIALS 
 

1. General: 
 

The materials supplied under these Specifications shall consist of new, first-
quality products designed and manufactured specifically for the purpose of this 
work, which shall have been satisfactorily demonstrated, by prior use, to be 
suitable and durable for such purposes. 

 
Labels on each roll of Geotextile shall identify the length, width, lot and roll 
numbers, and name of Manufacturer. 
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2. The Type GT-S Geotextile shall be a nonwoven spunbonded or nonwoven 
needlepunched synthetic fabric consisting of polyester or polypropylene 
manufactured in a manner approved by the Engineer.  Woven fabrics may be used 
in certain applications if approved in advance by the Engineer. 

 
3.  The Type GT-C Geotextile shall be a nonwoven needlepunched synthetic fabric 

consisting of polyester or polypropylene manufactured in a manner approved by 
the Engineer. 

 
4.  The Type GT-T Geotextile shall be a nonwoven needlepunched synthetic fabric 

consisting of polyester or polypropylene manufactured in a manner approved by 
the Engineer. 

 
5. All Geotextiles shall conform to the properties listed in Table 1 of this section. 

 
C. SUBMITTALS 
 

Prior to the installation of Geotextiles, the Contractor shall submit the following to the 
CQA Engineer: 

 
1.  Mill Certificate and Sample:  Prior to shipping to the site, the Contractor shall 

submit a mill certificate or affidavit signed by a legally authorized official of the 
Manufacturer for each type of Geotextile attesting that the Geotextiles meet the 
physical and manufacturing requirements stated in these Specifications.  The 
Contractor shall also submit a sample of each Geotextile to be used.  The samples 
shall be labeled with the product name and be accompanied by the Manufacturer's 
specifications. 

 
2.  Shipping, Handling, and Storage Instructions:  The Manufacturer's plan for 

shipping, handling, and storage shall be submitted for review. 
 

3.  Seaming Procedures:  Submit proposed seaming procedures including proposed 
method and equipment. 

 
4.  Quality Control Certificates:  For Geotextiles delivered to the site, quality control 

certificates, signed by the Manufacturer's quality assurance manager shall be 
provided which represent every roll of each type of Geotextile supplied.  Each 
certificate shall have the roll identification number(s), test methods, frequency, 
and test results.  At a minimum, the test results and frequency of testing shall be 
as shown in Table 2 of this section. 

 
5. Furnish copies of the delivery tickets or other approved receipts as evidence for 

materials received that will be incorporated into the construction. 
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D. CONSTRUCTION 
 

1. Shipping, Handling, and Storage: 
 

All Geotextiles shall be shipped, handled, and stored in strict accordance with the 
Manufacturer's recommendations. 

 
2. Failing CQA Material Control Tests:  

 
Geotextiles that are rejected upon testing shall be removed from the project site 
and replaced at Contractor's cost.  Sampling and CQA testing of Geotextiles 
supplied as replacement for rejected material shall be performed by the CQA 
Engineer at Contractor's cost. 

 
3. Installation: 

 
a. The surface receiving the Geotextiles shall be prepared to a relatively 

smooth condition, free of obstructions, standing water, excessive 
depressions, debris, and very soft, excessively wet, and/or loose pockets of 
soil.  This surface shall be approved by the CQA Engineer prior to 
Geotextile placement. 

 
Type GT-C Geotextile shall be placed only on Geomembrane that has 
been approved by the Geomembrane Installer and accepted by the CQA 
Engineer.  The Contractor shall remove debris, including sediment to the 
degree possible, from the Geomembrane prior to placement of the Type 
GT-C Geotextile. 

 
b. Geotextiles shall be placed to the lines and grades shown on the Contract 

Drawings.  At the time of installation, Geotextiles shall be rejected by the 
CQA Engineer if they have defects, rips, holes, flaws, evidence of 
deterioration, or other damage. 

 
c. The Geotextiles shall be placed smooth and free of excessive wrinkles. 

 
d. On slopes, Geotextiles shall be anchored at the top and unrolled down the 

slope.  In the presence of wind, all Geotextiles shall be weighted with 
sandbags or other material as appropriate.  Geotextiles uplifted by wind 
may be reused upon approval by the CQA Engineer. 

 
4. Seams: 

 
a. All Geotextile seams shall be continuously sewn or heat bonded with 

methods approved by the Engineer.  Overlapping of seams may also be 
allowed if approved in advance by the Engineer.  All seams must be 
approved by the CQA Engineer. 
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b.  On slopes of 6H:1V or steeper, all seams shall be oriented parallel to (in 

the direction of) the slope unless otherwise approved by the Engineer. 
 

c. Seams to be sewn shall be sewn using a Type 401 stitch.  One or two rows 
of stitching may be used.  Each row of stitching shall consist of 4 to 7 
stitches per inch.  The minimum distance from the geotextile edge to the 
stitch line nearest to that edge (seam allowance) shall be 1.5 inches if a 
Type SSa (prayer or flat) seam is used.  The minimum seam allowance for 
all other seam types shall be 1.0 inches.  

 
d.  Seams to be heat bonded shall be bonded using hot plate, hot knife, 

ultrasonic, or other approved devices. 
 

5. Repair Procedures: 
 

a. Any Geotextile that is torn, punctured, or otherwise damaged shall be 
repaired or replaced, as directed by the CQA Engineer, by the Contractor 
at no additional cost to the Owner.  The repair shall consist of a patch of 
the same type of Geotextile placed over the failed areas and shall overlap 
the existing Geotextile a minimum of 18 inches from any point of the 
rupture.  Patches shall be spot sewn or heat bonded so as not to shift 
during cover placement. 

 
b. Slopes Flatter Than 6H:1V:  Damaged areas of a size exceeding 10 

percent of the roll width shall be removed and replaced across the entire 
roll width with new material.  Damaged areas of a size less than 10 
percent of the roll width may be patched. 

 
c. Slopes of 6H:1V or Steeper:  Geotextile panels which require repair shall 

be removed and replaced with new material.  Replacement material shall 
be sewn as previously described in this specification. 

 
6. Cover Placement: 

 
a.  Except when designed to remain exposed, Geotextiles shall be covered in 

a timely manner to limit potential UV damage.  Unless otherwise 
approved by the Engineer, covering shall occur within 30 days of 
installation.  Extension of this time may be considered by the Engineer 
based on weather conditions (i.e. prolonged cloud cover during 30 day 
period) or technical information provided by the Manufacturer that would 
justify an extension. 
 
(1)  The Engineer may conduct sampling and testing of any Geotextiles 

exposed for a period longer than allowed to verify the material 
properties.  The cost associated with this testing and the 
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subsequent repair(s) shall be bourne solely by the Contractor 
regardless of the test results.  In no case will the maximum length 
of exposure be greater than 60 days without verification of 
material properties. 

 
b.  Placement of cover over Geotextiles shall be performed in a manner as to 

ensure that the Geotextiles or underlying materials are not damaged.  
Cover material shall be placed such that excess tensile stress is not 
mobilized in the Geotextile.  

 
 
TABLE 1: REQUIRED GEOTEXTILE PROPERTIES 
 

 
PROPERTY 

 
 

 
TEST 

METHOD 
UNITS VALUE1 

Type GT-S 
 

Type GT-C 
 
Type GT-T 

 
Geotextile Construction 
(NW = Nonwoven) 
(W = Woven) 

 
---------- ---------- NW2 or W3 NW2 

Needle-
punched 

 
NW2 

Needle-
punched 

 
Mass per Unit Area (Unit 
Weight)  

 
ASTM D 5261 oz/yd2 N/A 12 

 
4 

 
Ultraviolet Resistance (500 hrs) 

 
ASTM D 4355 % 70 70 

 
70 

 
Strength Class4 

 
AASHTO M 288 Class 2 1 

 
3 

 
Tensile Properties: 

 
ASTM D 4632 

 
 

 
 

Grab Strength lbs 160 (NW) 
250 (W) 

205 
 

115 

 
Grab Elongation % > 50 (NW) 

< 50 (W) 
> 50 

 
> 50 

 
Puncture Resistance 

 
ASTM D 4833 lbs 55 (NW) 

90 (W) 
80 

 
40 

 
Trapezoidal Tear Strength 

 
ASTM D 4533 lbs 55 (NW) 

90 (W) 
80 

 
40 

 
Burst Strength 

 
ASTM D 3786 psi 200 (NW) 

400 (W) 
255 

 
140 

 
Apparent Opening Size (AOS) 

 
ASTM D 4751 U.S. Sieve 70+ N/A 

 
70+ 

 
Permittivity 
 

 
ASTM D 4491 sec-1 1.0 N/A 

 
1.0 

 
Notes: 
1.  Minimum Average Roll Value (MARV). 
2.  Nonwoven geotextiles that have been heat calendered are not acceptable, unless approved 

by the Engineer in advance. 
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3.  Woven geotextiles shall be approved in advance by the Engineer.  Woven geotextiles 
formed exclusively with slit film fibers are not acceptable. 

4.  AASHTO M 288 criteria includes the above listed requirements for:  Tensile Properties, 
Puncture Resistance, Trapezoidal Tear Strength, and Burst Strength. 

 
 
 
TABLE 2: REQUIRED MANUFACTURER QUALITY CONTROL TESTS 
 

 
PROPERTY 

 
 

TEST 
METHOD 

MINIMUM TEST 
FREQUENCY 

 
 
Mass per Unit Area (Unit Weight) ASTM D 5261 200,000 ft2

 
 
Ultraviolet Resistance (500 hrs) ASTM D 4355 Periodic 
 
Tensile Properties ASTM D 4632 200,000 ft2

 
 
Burst Strength (Diaphragm 
Methods)  

ASTM D 3786 200,000 ft2
 

 
Apparent Opening Size (AOS) ASTM D 4751 Periodic 
 
Permittivity ASTM D 4491 Periodic 
 
Puncture Resistance ASTM D 4833 200,000 ft2

 
 
Trapezoidal Tear Strength ASTM D 4533 200,000 ft2 

 

 
 
 

END OF SECTION 
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SECTION 02250 
 

SOIL LINER 

 
A. DESCRIPTION 
 

1. General: 
 

a. The Contractor shall furnish all labor, material, and equipment to 
complete installation of the Soil Liner including borrowing, hauling, 
screening, mixing, amendment, stockpiling, discing, compacting, drying 
or wetting, removal of surface water, removal of all previously placed 
material affected by adverse weather conditions or construction 
disturbance, final grading and sealing, and all necessary and incidental 
items as detailed or required to complete the Soil Liner, all in accordance 
with the Contract Drawings and these Specifications. 

 
b. The Contractor shall provide suitable soil from an on-site or off-site 

borrow site that meets all requirements outlined in these Specifications for 
Soil Liner. 

 
Off-site borrow sources shall be approved in advance by the Engineer.  
The Contractor shall be responsible for all submittals required for 
Engineer approval of off-site borrow sources. 

 
c. As an alternate to an off-site borrow for Soil Liner soils, the Contractor 

shall complete amendment of on-site soil.  Amendment shall include 
mixing soil with powdered sodium bentonite or other bentonite material 
approved by the Engineer using techniques approved by the Engineer. 

 
2. Related Work: 

 
Related Contract Work is described in the following sections of the 
Specifications: 

 
Work     Section 

Dewatering      02140 
Excavation      02222 
Embankment      02223 
HDPE Geomembrane     02775 
Geosynthetic Clay Liner    02776 
CQA Manual     Attached 

Soil Liner:  The Soil Liner(s) serves as a hydraulic containment barrier in the base liner 
system. 
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3. Reference Standards: 
 

The latest revision of the following standards of the American Society of Testing 
and Materials (ASTM) are hereby made a part of these Specifications. 

 
ASTM D 422  Standard Test Method for Particle Size Analysis of Soils. 

 
ASTM D 698  Test Method for Laboratory Compaction Characteristics of 

Soil Using Standard Effort (12,400 ft-lbf/ft3). 
 

ASTM D 1556 Standard Test Method for Density and Unit Weight of Soil 
in Place by the Sand-Cone Method. 

 
ASTM D 2167 Standard Test Method for Density and Unit Weight of Soil 

in Place by the Rubber Balloon Method. 
 

ASTM D 2216 Standard Test Method for Laboratory Determination of 
Water (Moisture) Content of Soil and Rock by Mass. 

 
ASTM D 2488 Standard Practice for Description and Identification of 

Soils (Visual-Manual Procedure). 
 

ASTM D 2937 Standard Test Method for Density of Soil in Place by the 
Drive Cylinder Method. 

 
ASTM D 4318 Standard Test Method for Liquid Limit, Plastic Limit, and 

Plasticity Index of Soils. 
 

ASTM D 4643  Standard Test Method for Determination of Water 
(Moisture) Content of Soil by the Microwave Oven 
Method. 

 
ASTM D 4959  Standard Test Method for Determination of Water 

(Moisture) Content of Soil by Direct Heating Method. 
 

ASTM D 5084 Standard Test Method for Measurement of Hydraulic 
Conductivity of Saturated Porous Materials Using a 
Flexible Wall Permeameter. 

 
ASTM D 6938 Standard Test Methods for In-Place Density and Water 

Content of Soil and Soil-Aggregate in Place by Nuclear 
Methods (Shallow Depth). 
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4. Quality Assurance: 
 

Quality Assurance during placement of Soil Liner will be provided by the Owner 
as described in the accompanying Project CQA Manual. 

 
B. MATERIALS 
 

All material for Soil Liner shall conform to the requirements shown in Table 1 of this 
section. 

 
C. SUBMITTALS 
 

The Contractor shall submit the following to the CQA Engineer: 
 

1. Before approval is given to proceed with test fill construction, the Contractor 
shall submit descriptive information on compaction equipment to be used for 
construction of the Soil Liner. 

 
2. Off-Site Borrow Sources (If Applicable): 

 
a. For each off-site borrow source for Soil Liner soils, the Contractor shall 

provide the following information at least four weeks prior to placement 
of the Soil Liner: 

 
(1) The name, location, and owner of proposed borrow site, including 

a topographic map and location map of the site. 
 

(2) A certification submitted by an independent Registered 
Professional Engineer that the proposed borrow site contains a 
minimum of double the in-place volume of Soil Liner required to 
complete the work. 

 
(3) A certification submitted by an independent Registered 

Professional Engineer that the proposed borrow soils meet the 
requirements for Soil Liner outlined in these Specifications.  
Certification shall include the following minimum testing and test 
frequency: 

 
Test (Test Method) Quantity 

(Min.) 
Atterberg Limits (ASTM D 4318) 
Grain Size (with Hydrometer) (ASTM D 422) 
Standard Proctor (ASTM D 698) 
Natural Moisture Content (ASTM D 2216) 
Hydraulic Conductivity (Lab Remolded) (ASTM D 5084) 

10 
10 
5 

10 
5 
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Testing samples for certification shall be obtained from well 
distributed locations within the proposed borrow area.  All test 
data shall be submitted with the soil certification. 

 
b. The Contractor shall be responsible for maintaining quality of the Soil 

Liner borrow source throughout construction and shall ensure that the 
borrow soil meets the project criteria outlined in these Specifications.  The 
Contractor shall cooperate with the CQA Engineer so that the CQA 
Engineer has unlimited access to the borrow area during construction for 
the purposes of sampling and testing borrow soil. 

 
c. If the borrow source does not meet the requirements outlined in these 

Specifications, the Contractor shall be responsible for providing an 
alternative borrow source at no cost to the Owner. 

 
3. Amended On-Site Soils (If Applicable): 

 
a. For amendment of on-site soils for use as the Soil Liner, the Contractor 

shall provide along with the Contractor bid, a detailed description of the 
soil amendment process including, but not limited to soil amendment 
material and source, preparation, mixing, breaking up of clods, removal of 
oversized particles, adding water, and other required processes. 

 
b. The Contractor shall obtain representative samples from on-site soil to be 

amended, prepare trial mixes, and conduct verification testing, including 
the following: 

 
Test (Test Method) Quantity 

(Min.) 
Atterberg Limits (ASTM D 4318) 
Grain Size (with Hydrometer) (ASTM D 422) 
Standard Proctor (ASTM D 698) 
Hydraulic Conductivity (Lab Remolded) (ASTM D 5084) 

5 
5 
5 
5 

 
c. All test data shall be submitted along with a certification by an 

independent Registered Professional Engineer that the proposed 
amendment process meets the requirements for Soil Liner in these 
Specifications.  Such submittals shall be submitted at least four weeks 
prior to Soil Liner construction. 

 
d. The CQA Engineer reserves the right to observe the laboratory blending 

and testing process and to obtain representative samples from the 
Contractor for independent verification testing.  Such verification testing 
will be at the Owner's cost. 
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4. Survey Results: 
 

Survey results for Soil Liner subgrade shall be submitted for review prior to 
placement of Soil Liner.  After completion of a segment of Soil Liner, survey 
results shall be submitted for review prior to placement of overlying layers. 

 
D. CONSTRUCTION 
 

1. General: 
 

a. All placement and compaction of Soil Liner shall be performed only when 
the CQA Engineer is informed by the Contractor of intent to perform such 
work. 

 
b. The Contractor shall place and compact the Soil Liner to the lines and 

grades shown on the Contract Drawings with the exception that a 0.15 foot 
overbuild at the Contractor’s expense is allowed.  Thickness requirements 
are minimum values.  The Contractor will perform all surveys necessary 
to establish and verify lines and grades for all Soil Liner. 

 
2. Processing of Amended Soil Liner Soils: 

 
a. Processing of amended Soil Liner soils shall be done using an approved 

free-standing processing plant or pug mill or by mixing with road 
reclaimers, agricultural tillers, or similar equipment.  The Contractor shall 
demonstrate the adequacy of his processing techniques. 

 
b. Any amended soil that does not meet the requirements for Soil Liner shall 

be rejected and removed from the containment area by the Contractor at 
no cost to the Owner. 

 
3. Borrow Soils: 

 
a. The Contractor may haul borrow soil to an on-site stockpile area.  Unless 

otherwise allowed by the Engineer, borrow soil cannot be hauled directly 
to the containment area for placement and compaction unless each load is 
monitored and approved by the CQA Engineer prior to loading at the 
borrow site. 

 
b. Any borrow soil not meeting the requirements for Soil Liner shall be 

rejected and removed from the project site by the Contractor at no cost to 
the Owner. 
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4. Test Fill Construction: 
 

The Contractor shall construct a test fill prior to construction of Soil Liner.  The 
test fill shall be at least 20 feet wide by 50 feet long and shall be compacted in 
lifts to the full design thickness.  The Contractor shall use materials and 
equipment for test fill construction that the Contractor intends to use during 
construction. 

 
No Soil Liner construction may be performed until the test fill construction is 
confirmed to be adequate in accordance with the Project CQA Manual. 

 
The Contractor shall amend construction techniques or equipment in order to 
meet all criteria outlined for Soil Liner in these Specifications at no cost to the 
Owner. 

 
5. Subgrade Preparation: 

 
a. The CQA Engineer shall inspect the exposed subgrade prior to placement 

of Soil Liner to assure that all rocks, topsoil, vegetation, roots, debris, or 
other deleterious materials have been removed. 

 
b. Prior to placement of Soil Liner, the exposed subgrade shall be proofrolled 

using a static smooth-drum roller, loaded tandem axle dump truck, or 
other suitable equipment in the presence of the CQA Engineer.  Any soft 
or unsuitable subgrade materials revealed before or during the in-place 
compaction shall be removed as directed by the CQA Engineer and 
replaced with suitable materials. 

 
6. Placement and Compaction: 

 
a. All Soil Liner shall be placed in loose lifts no greater than the height of 

the feet on compaction equipment to be used.  The loose Soil Liner shall 
be free from clods or rocks which exceed the sizes in Table 1.  Where 
excessive sized clods do occur, the Contractor shall break up the clods 
using methods approved by the CQA Engineer. 

 
b. Lift compaction shall be performed with an appropriately heavy, properly 

ballasted, penetrating-foot compactor.  Compaction equipment shall be the 
same as used in the test fill, unless otherwise approved by the Engineer. 

 
Each lift shall be compacted prior to placement of succeeding lifts.  The 
maximum lift thickness shall be as shown in Table 2.  In confined areas, 
mechanical equipment, suitable for small areas and capable of achieving 
the density requirements, shall be required. 
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c. The exposed surface of Soil Liner shall be protected from adverse weather 
conditions or desiccation of the soil.  This is commonly done by rolling 
the surface of the Soil Liner with a smooth-drum roller at the end of each 
work day.  Alternative means of protecting the Soil Liner may be 
employed by the Contractor. 

 
d. The in-place Soil Liner shall conform to the requirements shown in Table 

2 of this section.  If Soil Liner does not meet the specified requirements, 
the Contractor shall rework the material, as may be necessary and 
continue compaction to achieve these requirements, or remove and replace 
the material to achieve the specified requirements, at Contractor's expense. 

 
e. Any Soil Liner surface which is smooth, has a moisture content outside of 

the specified moisture content range, as defined by ASTM D 698, or 
exhibits evidence of desiccation cracking 1/2 inch deep or greater, shall be 
scarified to a depth of 1 to 3 inches and brought to a proper moisture 
content prior to placement of a subsequent lift.  This includes any Soil 
Liner surface that was previously seal rolled for protection. 

 
f. No Soil Liner shall be placed or compacted when soil temperatures are so 

low as to produce ice lenses in the Soil Liner borrow soil. 
 

g. Soil Liner placed on side slopes shall be placed and compacted in lifts 
which are parallel to the slope.  Lift criteria shall be as described herein. 

 
h. The Soil Liner surfaces to be lined with geosynthetics shall be free of 

stones larger than 1/2 inch in size, roots or other deleterious material, 
sharp objects, or debris.  Such material shall be removed from the Soil 
Liner surface prior to geosynthetics installation.  Embedded non-
protruding smooth rocks or stones may remain in place on the Soil Liner 
surface if approved by the CQA Engineer.  The subgrade surface shall 
provide a firm, unyielding foundation for the geosynthetics with no 
sudden or abrupt changes or breaks in grade.  Geosynthetics shall not be 
installed over subgrade containing standing water, frost, excessive 
moisture, or on subgrade exhibiting evidence of deep rutting (greater than 
3/4 inch deep) from construction equipment wheels or tracks.  The soil 
surfaces to be lined with geosynthetics, including the side slopes, shall be 
rolled and sealed with a smooth-drum roller wherever practical.  All 
geosynthetics subgrade shall be approved by the CQA Engineer prior to 
placement of geosynthetics. 
 
The Contractor shall work in a cooperative fashion with the Geosynthetics 
Installer in coordinating final surface preparations. 

 
i. The Contractor shall maintain the surface of the Soil Liner, including 

removal of accumulated surface water runoff, until installation of the 
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geosynthetics is complete.  Temporary covering of the Soil Liner surface 
may be required prior to installation of the geosynthetics. 

 
j. Anchor trenches for geosynthetics shall be backfilled in 6 inch thick lifts 

and compacted to 90% standard Proctor dry density (ASTM D 698).  The 
Contractor shall be responsible for excavation and backfill of the anchor 
trench. 

 
k. Surfaces not properly maintained shall be repaired by the Contractor at no 

cost to the Owner.  A suitable surface for geosynthetics construction shall 
be a surface maintained at the specified compaction and moisture content 
criteria provided in these Specifications. 

 
l. Locations of control stakes, in-place density tests, or other samples in the 

Soil Liner shall be patched with compacted Soil Liner or sodium bentonite 
compacted and hydrated in the holes. 

 
7.  Surveying: 

 
a.  Before placement of a segment of Soil Liner, the Soil Liner subgrade shall 

be surveyed on 100 foot centers and at slope breaks (including all tops and 
toes of slope, points of grade change, etc.) to ensure the top of the Soil 
Liner subgrade slopes at grades specified on the Contract Drawings. 

 
b.  After completion of a segment of Soil Liner, but before installation of 

subsequent layers, the Soil Liner shall be surveyed on 100 foot centers and 
at slope breaks to ensure: 

 
(1)  The specified thickness has been achieved. 

 
(2)  The top of the Soil Liner slopes at grades specified on the Contract 

Drawings; and 
 

(3)  Soil Liner placed more than 0.15 feet beyond the limits of the lines 
and grades as shown on the Contract Drawings will not be 
accepted and must be removed at the Contractor's expense if 
required by the Engineer. 

 
This work shall be performed at the Contractor’s cost by a registered surveyor. 
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TABLE 1: SOIL LINER MATERIAL REQUIREMENTS 
 

 
PROPERTY 

 
TEST 

METHOD 
 

VALUE 

 
Visual Classification 

 
ASTM D 2488 Clean natural fine-grained soil free from 

organics, debris, or other detrimental material. 
Soil type as required to achieve the hydraulic 

conductivity criteria. 
 
Clod Size 

 
----- Maximum = 3/4 inch (or less if required to 

achieve hydraulic conductivity criteria) 
 
Gradation 

 
ASTM D 422 Max. = 1/2 inch (finished Soil Liner surface) 

Max. = 1.5 inches (below finished Soil Liner 
surface) 

 
Atterberg Limits 

 
ASTM D 4318 As required based on soil type. 

 
Bentonite Content 
(Amended Soils Only) 

 
----- > 2% by weight as required to meet the 

hydraulic conductivity criteria 
 
Hydraulic Conductivity  
(Lab Remolded) 
 

(Compacted Clay Liner) 
 

 
 

(Compacted Soil Liner) 
 

 
ASTM D 50843  

 
 

≤ 1 x 10-7 cm/s at a density of  ≥ 95% maximum 
standard dry density and a moisture content > 

optimum moisture content4 
 

≤ 1 x 10-5 cm/s at a density of ≥ 95% maximum 
standard dry density and a moisture content > 

optimum moisture content4 
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TABLE 2: IN-PLACE SOIL LINER REQUIREMENTS 
 

 
PROPERTY 

 
TEST 

METHOD 
 

VALUE 
 

 
Density 

 
ASTM D 69381 > 95% maximum standard dry density4 

 
Moisture Content 

 
ASTM D 69382 > optimum moisture content4 

 
Maximum Lift Thickness 
(Compacted): 

(Compacted Clay Liner) 
 

(Compacted Soil Liner) 
 

 
-----  

 
6 inches 

 
6 inches 

 
Hydraulic Conductivity  
(Shelby Tube): 

(Compacted Clay Liner) 
 

(Compacted Soil Liner) 

 
ASTM D 50843  

 
≤ 1 x 10-7 cm/s 

 
≤ 1 x 10-5 cm/s 

 
 
Completed Thickness: 

(Compacted Clay Liner) 
 

(Compacted Soil Liner) 

 
Survey  

24 inches minimum 
 

18 inches minimum 
 

 
Notes: 

 
1. Optionally use ASTM D 1556, ASTM D 2167, or ASTM D 2937. 
2. Optionally use ASTM D 2216, ASTM D 4643, or ASTM D 4959. 
3. Maximum effective confining pressure and maximum hydraulic gradient as follows.  

Backpressure as recommended by ASTM D 5084.  Modifications of the maximum 
hydraulic gradient may be allowed by the Engineer depending on actual hydraulic 
conductivity values. 

  
Material Maximum Effective 

Confining Pressure 
(psi) 

Maximum 
Hydraulic Gradient 

 
Compacted Clay Liner 

(k ≤ 1 x 10-7 cm/s) 
10 30 

 
Compacted Soil Liner 

(k ≤ 1 x 10-5 cm/s) 
10 15 
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4. Or as otherwise determined by remolded samples to achieve hydraulic conductivity 
criteria. 

 
 

END OF SECTION 
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SECTION 02256 
 

PROTECTIVE COVER 

 
A. DESCRIPTION 
 

1. General: 
 

The Contractor shall furnish all labor, material, and equipment to complete 
installation of the Protective Cover, including borrowing, hauling, screening, 
removal of surface water and removal of all previously placed material that is 
unsuitable due to weather conditions, final grading and sealing, and all necessary 
and incidental items as detailed or required to complete the Protective Cover, all 
in accordance with the Contract Drawings and these Specifications. 

 
2. Related Work: 

 
Related Contract Work is described in the following sections of the 
Specifications: 

 
Work     Section 

Geotextiles      02240 
HDPE Pipe      02614 
Drainage Aggregate (Leachate Management) 02710 
Drainage Geocomposite    02712 
HDPE Geomembrane     02775 
CQA Manual     Attached 

 
3. Reference Standards: 

 
The latest revision of the following standards of the American Society of Testing 
and Materials (ASTM) are hereby made a part of these Specifications. 

 
ASTM D 698  Test Method for Laboratory Compaction Characteristics of 

Soil Using Standard Effort (12,400 ft-lbf/ft3). 
 

ASTM D 2488 Standard Practice for Description and Identification of 
Soils (Visual-Manual Procedure). 

 
 
 

Protective Cover:  The Protective Cover consists of clean fill material.  The Protective Cover 
protects the leachate collection layer and Geomembrane from damage due to the placement of 
waste. 
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4. Quality Assurance: 
 

Quality Assurance during placement of Protective Cover will be provided by the 
Owner as described in the accompanying Project CQA Manual. 

 
B. MATERIALS 
 

1. Soil that meets all of the following requirements shall be classified as select soil 
fill for use in construction of the Protective Cover. 

 
a. Soil shall be classified according to the Unified Soil Classification System 

(USCS) as SW, SP, SM, SM-SC, SC, ML, ML-CL, or CL (ASTM D 
2488).  Other material classifications may be approved by the Engineer. 

 
b. Select soil fill materials shall be reasonably free of gypsum, ferrous, 

and/or calcareous concretions and nodules, refuse, roots, or other 
deleterious substances. 

 
c. The soil cover shall be uniform, smooth, and free of debris, plant 

materials, and other foreign material.  The maximum rock size shall be 3 
inches in diameter.  The material should contain no sharp edges. 

 
2. The top 6 inches of Protective Cover must be capable of supporting growth of 

interim vegetative cover. 
 
C. SUBMITTALS 
 

The Contractor shall submit the following to the CQA Engineer: 
 

1. Before approval is given to proceed, the Contractor shall submit descriptive 
information on equipment to be used in construction of the Protective Cover. 

 
2. Survey Results: 

 
After completion of a segment of Protective Cover, survey results shall be 
submitted for review prior to Protective Cover acceptance. 

 
D. CONSTRUCTION 
 

1. The Protective Cover is placed directly over geosynthetics and/or piping; thus, 
extreme caution shall be exercised by the Contractor to prevent damage to these 
materials. 

 
2. All placement and compaction of Protective Cover shall be performed only when 

the CQA Engineer is informed by the Contractor of intent to perform such work. 
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3. Protective Cover shall be placed over geosynthetics only after areas have been 
released by the Geosynthetics Installer and the CQA Engineer.  Protective Cover 
shall be placed as specified below: 

 
a. Protective Cover shall be placed and spread using tracked equipment.  On 

slopes of 6H:1V or steeper, low ground pressure (6 psi or less) tracked 
equipment shall be used.  On slopes flatter than 6H:1V, tracked equipment 
shall have a ground pressure of 12 psi or less.  The CQA Engineer shall 
approve the equipment used to place Protective Cover. 

 
b. Tracked equipment used to place and spread Protective Cover shall 

operate on at least 1 foot of material overlying geosynthetics and/or 
piping.  Sharp turning of tracked equipment on the Protective Cover will 
not be permitted. 

 
c.  On slopes of 6H:1V or steeper, Protective Cover shall be placed and 

spread from the bottom up unless otherwise approved by the Engineer.  
No material shall be dumped down a slope. 

 
d. Protective Cover shall be placed and compacted to the lines and grades 

shown on the Contract Drawings with the exception that a 0.15 foot 
overbuild at Contractor=s expense is allowed.  The Contractor will perform 
all surveys necessary to establish and verify lines and grades for all 
Protective Cover. 

 
e. Protective Cover shall be compacted to 90% Standard Proctor dry density 

(ASTM D 698) on slopes flatter than 6H:1V with a maximum compacted 
lift thickness of 12 inches.  Protective Cover on slopes of 6H:1V or 
steeper shall be compacted by tracking the final lift with tracked 
equipment. 

 
If Protective Cover does not meet the specified requirements, the 
Contractor shall rework the material as may be necessary and continue 
compaction to achieve these requirements, or remove and replace the 
material to achieve the specified requirements, at the Contractor’s sole 
expense. 

 
4.  The Protective Cover shall be spread in a manner that minimizes development of 

wrinkles or tension in the underlying geosynthetics.  Any portion of the 
underlying geosynthetics that develops excessive wrinkles or crimp or is 
otherwise damaged shall be repaired by the Geosynthetics Installer at no expense 
to the Owner. 

 
a.  Protective Cover shall not be placed when conditions are warm enough to 

produce excessive wrinkles in the underlying geosynthetics.  Likewise, 
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Protective Cover shall not be placed when conditions are cold enough to 
produce tension in the underlying geosynthetics. 

 
b.  If during spreading, excessive wrinkles develop, the Contractor shall 

adjust placement and spreading methods, or cease until the underlying 
geosynthetics cool and wrinkles decrease in size. 

 
c.  Wrinkles that exceed approximately 6 inches in height and cannot be 

eliminated by amended placement and spreading methods or underlying 
geosynthetics that become crimped shall be cut and repaired by the 
Geosynthetics Installer in a method approved by the Engineer. 

 
5. Stockpiling of Protective Cover within the limits of the containment area shall be 

subject to advance approval by the Engineer.  Any hauling equipment (dump 
trucks, etc.) operating over geosynthetics shall have a minimum of 3 feet of 
separation between the vehicle wheels and the Geomembrane. 

 
6. Protective Cover shall not be placed over the gravel columns or over the coarse 

aggregate in the sump area(s) without a protective geotextile or other approved 
means. 

 
The Contractor shall minimize equipment operations directly over coarse 
aggregate. 

 
7. The CQA Engineer may require removal of Protective Cover and/or other 

underlying layers at the Contractor's sole expense to allow examination of the 
underlying geosynthetics and/or piping.  Any damage to underlying layers or 
excessive wrinkling or crimping during placement or compaction of the 
Protective Cover shall be repaired in accordance with the applicable section of 
these Specifications at the Contractor's sole expense. 

 
8. Surveying: 

 
After completion of a segment of Protective Cover, the Protective Cover shall be 
surveyed on 100 foot centers and at slope breaks (including all tops and toes of 
slope, points of grade change, etc.) to ensure: 

 
a. The specified thickness has been achieved. 

 
b. The top of the Protective Cover slopes at grades specified on the Contract 

Drawings; and 
 

c. Protective Cover placed more than 0.15 feet beyond the limits of the lines 
and grades as shown on the Contract Drawings will not be accepted and 
must be removed at the Contractor's expense if required by the Engineer. 
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This work shall be performed at the Contractor’s cost by a registered surveyor. 
 
 

END OF SECTION 
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SECTION 02258 
 

VEGETATIVE SOIL LAYER 

 
A. DESCRIPTION 
 

1. General: 
 

The Contractor shall furnish all labor, material, and equipment to complete 
installation of the VSL (including topsoil) for the landfill cover, including 
borrowing, hauling, spreading, and final grading and all necessary and incidental 
items as detailed or required to complete the VSL, all in accordance with the 
Contract Drawings and these Specifications. 

 
2. Related Work: 

 
Related Contract Work is described in the following sections of the 
Specifications: 

 
Work     Section 

HDPE Pipe       02614 
Drainage Aggregate (Final Cover)   02711 
Drainage Geocomposite    02712 
LLDPE Geomembrane    02778 
Revegetation      02930 
CQA Manual      Attached 
 

3. Reference Standards: 
 

The latest revision of the following standards of the American Society of Testing 
and Materials (ASTM) are hereby made a part of these Specifications. 

 
ASTM D 2487 Standard Practice for Classification of Soils for 

Engineering Purposes (Unified Soil Classification System). 
 

4. Quality Assurance: 
 

Quality Assurance during placement of Vegetative Soil Layer will be provided by 
the Owner as described in the accompanying Project CQA Manual. 

 
 

Vegetative Soil Layer (VSL): The Vegetative Soil Layer (VSL) is placed in the final cover 
system in order to support permanent vegetative cover.  This section includes the topsoil to be 
placed as the upper 6 inches of the VSL. 
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B. MATERIALS 
 

Soil that meets all of the following requirements shall be classified as select soil fill for 
use in construction of the VSL. 

 
1. Soil shall be classified according to the Unified Soil Classification System 

(USCS) as SC, ML, ML-CL, or CL (ASTM D 2487).  Alternatives to these 
requirements must be approved in advance by the Engineer.  The Engineer shall 
verify that the upper geotextile of the underlying Drainage Geocomposite is 
anticipated to perform acceptably as a filter in contact with the selected soil(s). 

 
2. Select soil fill materials shall be reasonably free of gypsum, ferrous, and/or 

calcareous concretions and nodules, refuse, roots, or other deleterious substances. 
 

3. Continuous and repeated visual inspection of the materials being used will be 
performed by the Contractor to ensure proper soils are being used.  In addition, 
the CQA Engineer shall make frequent inspections of the placement operations 
and materials, and will consult with the Engineer. 

 
4. The VSL shall be uniform, smooth, and free of debris, rock, plant materials, and 

other foreign material larger than 3 inches in diameter.  The material should 
contain no sharp edges.  This material must be capable of supporting growth of 
vegetative cover. 

 
5. Topsoil:  The upper 6 inches of VSL shall be natural or blended soil material 

capable of supporting the growth of vegetative cover.  Topsoil shall contain a 
minimum of 2% by weight of organics evenly blended into the material in order 
to support the growth of vegetative cover.  Also, the topsoil shall contain 10% by 
weight gravel size particles (1 1/2 inch maximum particle size) to aid in the 
prevention of excess wind erosion. 

 
C. SUBMITTALS 
 

The Contractor shall submit the following to the CQA Engineer: 
 

1. Before approval is given to proceed, the Contractor shall submit descriptive 
information on placement equipment to be used in construction of the VSL. 

 
2.  Survey Results: 

 
After completion of a segment of VSL, survey results shall be submitted for 
review prior to VSL acceptance. 

 
D. CONSTRUCTION 
 

1. The VSL is placed directly over geosynthetics and/or piping; thus, extreme 
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caution shall be exercised by the Contractor to prevent damage to these materials. 
 

2. All placement and compaction of VSL shall be performed only when the CQA 
Engineer is informed by the Contractor of intent to perform such work. 
 

3. VSL shall be placed over geosynthetics only after areas have been released by the 
Geosynthetics Installer and the CQA Engineer.  VSL shall be placed as specified 
below: 

 
a.  The VSL, including topsoil, shall be placed and spread using low ground 

pressure (6 psi or less) tracked equipment.  The CQA Engineer shall 
approve the equipment used to place the VSL. 

 
b.  Tracked equipment used to place and spread VSL shall operate on at least 

1 foot of material overlying geosynthetics and/or piping.  Sharp turning of 
tracked equipment on the VSL will not be permitted. 

 
c.  On slopes of 6H:1V or steeper, VSL shall be placed and spread from the 

bottom up unless otherwise approved by the Engineer.  No material shall 
be dumped down a slope. 

 
d.  VSL shall be placed and compacted to the lines and grades shown on the 

Contract Drawings with the exception that a 0.15 foot overbuild at 
Contractor’s expense is allowed.  The Contractor will perform all surveys 
necessary to establish and verify lines and grades for all VSL. 

 
e.  VSL shall be compacted by tracking the final lift with tracked equipment. 

 
4.  The VSL shall be spread in a manner that minimizes development of wrinkles or 

tension in the underlying geosynthetics.  Any portion of the underlying 
geosynthetics that develops excessive wrinkles or crimp or is otherwise damaged 
shall be repaired by the Geosynthetics Installer at no expense to the Owner. 

 
a.  VSL shall not be placed when conditions are warm enough to produce 

excessive wrinkles in the underlying geosynthetics.  Likewise, VSL shall 
not be placed when conditions are cold enough to produce tension in the 
underlying geosynthetics. 

 
b.  If during spreading, excessive wrinkles develop, the Contractor shall 

adjust placement and spreading methods, or cease until the underlying 
geosynthetics cool and wrinkles decrease in size. 

 
c.  Wrinkles that exceed approximately 6 inches in height and cannot be 

eliminated by amended placement and spreading methods or underlying 
geosynthetics that become crimped shall be cut and repaired by the 
Geosynthetics Installer in a method approved by the Engineer. 
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5. Stockpiling of VSL on the final cover shall be subject to advance approval by the 
Engineer.  Any hauling equipment (dump trucks, etc.) operating over 
geosynthetics shall have a minimum of 3 feet of separation between the vehicle 
wheels and the Geomembrane. 

 
6. The CQA Engineer may require removal of VSL and/or other underlying layers at 

the Contractor's sole expense to allow examination of the underlying 
geosynthetics and/or piping.  Any damage to underlying layers or excessive 
wrinkling or crimping during placement of the VSL shall be repaired in 
accordance with the applicable section of these Specifications at the Contractor's 
sole expense. 

 
7. After the specified thickness has been achieved and verified, the Contractor shall 

proceed immediately with seeding. 
 

8. Surveying: 
 

After completion of a segment of VSL, the VSL shall be surveyed on 100 foot 
centers and at slope breaks (including all tops and toes of slope, points of grade 
change, etc.) to ensure: 

 
a. The specified thickness has been achieved.  A hand auger or similar 

method may be used to check for thickness at each location. 
 

b. The top of the VSL slopes at grades specified on the Contract Drawings; 
and 

 
c. VSL placed more than 0.15 feet beyond the limits of the lines and grades 

as shown on the Contract Drawings will not be accepted and must be 
removed at the Contractor's sole expense if required by the Engineer. 

 
This work shall be performed at the Contractor’s cost by a registered surveyor. 

 
 

END OF SECTION 
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SECTION 02270 
 

EROSION AND SEDIMENTATION CONTROL 

 
A. DESCRIPTION 
 

1. General:   
 

The Contractor shall furnish all labor, material, and equipment to complete 
installation of and maintain Erosion and Sedimentation Control measures and 
related work in accordance with the Contract Drawings and these Specifications. 

 
All Erosion and Sedimentation Control work shall be in accordance with the latest 
edition of the North Carolina Erosion and Sediment Control Planning and Design 
Manual as well as applicable regulations. 

 
2. Related Work: 

 
Related Contract Work is described in the following sections of the 
Specifications: 

 
Work     Section 

Geotextiles      02240 
Rip Rap      02271 
Rolled Erosion Control Products    02275 
Precast Concrete Structures    02608 
HDPE Pipe      02614 
Storm Water Systems     02720 
Revegetation      02930 
Concrete Work     03310 

 
3. Reference Standards: 

 
The latest revision of the following standards of the American Society of Testing 
and Materials (ASTM) are hereby made a part of these specifications. 
 
ASTM D 3786 Test Method for Hydraulic Bursting Strength of Knitted 

Goods and Nonwoven Fabrics:  Diaphragm Bursting 
Strength Tester Method. 

 

Erosion and Sedimentation Control:  Erosion and Sedimentation Control is a system of 
construction and engineered measures (devices, structures, practices, etc.) which act to 
minimize surface water induced erosion of disturbed areas and the resulting off-site 
sedimentation. 
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ASTM D 4355 Standard Test Method for Deterioration of Geotextiles from 
Exposure to Ultraviolet Light and Water (Xenon-Arc Type 
Apparatus). 

 
ASTM D 4491 Standard Test Methods for Water Permeability of 

Geotextiles by Permittivity. 
 

ASTM D 4533 Standard Test Method for Trapezoid Tearing Strength of 
Geotextiles. 

 
ASTM D 4632 Standard Test Method for Grab Breaking Load and 

Elongation of Geotextiles. 
 

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

 
ASTM D 4833 Standard Test Method for Index Puncture Resistance of 

Geotextiles, Geomembranes, and Related Products. 
 
B. MATERIALS 
 

1. Permanent Sediment or Detention Basins: 
 

Permanent sediment or detention basins shall be constructed as shown on the 
Contract Drawings. 

 
2. Permanent Drainage Channels, Diversions, Swales, and Ditches: 

 
Permanent drainage channels, diversions, swales, and ditches shall be constructed 
as shown on the Contract Drawings. 

 
3. Silt Fence: 

 
Silt fences shall be constructed as shown on the Contract Drawings and as 
needed, based on the Contractor’s discretion and Engineer’s approval.  The silt 
fence is a permeable barrier erected within and downgradient of small disturbed 
areas to capture sediment from sheet flow.  It is made of filter fabric buried at the 
bottom, stretched, and supported by posts and wire mesh backing.  Silt fence shall 
conform to the following properties: 
 
a.  Posts:  Posts shall be 1.33 lb/linear foot steel (preferred) or wood with a 

minimum length of 5 feet.  Steel posts shall be “U” or “T”-type.  Wood 
posts shall have a minimum diameter of 4-inches. 
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b.  Filter Fabric:  Filter fabric shall be a woven geotextile made specifically 
for sediment control.  Filter fabric shall conform to the properties listed in 
Table 1 of this section. 

 
4. Geotextiles: 

 
Geotextiles shall conform to the requirements of Section 02240, Geotextiles, of 
these Specifications. 

 
5. Filter Berms: 

 
Filter berms shall be constructed as shown on the Contract Drawings. 

 
6. Stone Filters: 

 
Stone filters shall be constructed as shown on the Contract Drawings. 

 
7. Down Chutes and Pipes: 

 
Down chutes and pipes shall be constructed as shown on the Contract Drawings. 

 
8. Rip Rap: 

 
Rip Rap shall conform to the requirements of Section 02271, Rip Rap, of these 
Specifications. 

 
9. Rolled Erosion Control Products (RECPs): 

 
Rolled Erosion Control Products (RECPs) shall conform to the requirements of 
Section 02275, Rolled Erosion Control Products, of these Specifications. 

 
10. Other Work: 

 
In addition to the Erosion and Sedimentation Control measures shown on the 
Contract Drawings, the Contractor shall provide adequate means to prevent any 
sediment from entering any storm drains, drop inlets, ditches, streams, or bodies 
of water downstream of any area disturbed by construction.  Excavation materials 
shall be placed upstream of any trench or other excavation to prevent 
sedimentation of off-site areas.  In areas where a natural buffer area exists 
between the work area and the closest stream or water course, this area shall not 
be disturbed.  All paved areas shall be scraped and swept as necessary to prevent 
the accumulation of dirt and debris.  Work associated with this provision shall be 
considered incidental to the project and no separate payment will be made. 
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11. Temporary and Permanent Ground Cover: 
 

The Contractor shall provide temporary or permanent ground cover (or other 
acceptable measure(s)) adequate to restrain erosion on erodible slopes or other 
areas within 21 calendar days following completion of any phase of grading.  The 
Contractor shall provide permanent ground cover for all disturbed areas within 15 
working days or 90 calendar days (whichever is shorter) following the completion 
of construction. 

 
C. SUBMITTALS 
 

The Contractor shall submit the following to the Engineer: 
 

1. Submit a certification and summary of all required test results, prior to 
installation, that all Erosion and Sedimentation Control materials manufactured 
for the project have been produced in accordance with these Specifications. 

 
2. Furnish copies of the delivery tickets or other approved receipts as evidence for 

materials received that will be incorporated into construction. 
 
D. CONSTRUCTION 
 

1. Establishment of Erosion and Sedimentation Control Measures: 
 

a. All Erosion and Sedimentation Control measures will be constructed 
according to the Contract Drawings and these Specifications. 

 
b. Due to the nature of the work required by this Contract, it is anticipated 

that the location and nature of the Erosion and Sedimentation Control 
measures may need to be adjusted on several occasions to reflect the 
current phase of construction. 

 
c. Erosion and Sedimentation Control measures shall be established prior to 

the work in a given area.  Where such practice is not feasible, the Erosion 
and Sedimentation Control measure(s) shall be established immediately 
following completion of the clearing operation. 

 
d. The construction schedule adopted by the Contractor will impact the 

placement and need for specific measures required for the control of 
erosion.  The Contractor shall develop and implement such additional 
techniques as may be required to minimize erosion and prevent or correct 
the discharge of sediment outside the limits of construction (unless 
controlled by other on-site measure(s)). 

 
e. The location and extent of Erosion and Sedimentation Control measures 

shall be revised at each phase of construction that results in a change in 
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either the quantity or direction of surface runoff from construction areas.  
All deviations from the control provisions shown on the Contract 
Drawings shall have the prior approval of the Engineer. 

 
2. Inspection and Maintenance of Erosion and Sedimentation Control Measures: 

 
a. The Contractor shall furnish the labor, material, and equipment required 

for the inspection and maintenance of all Erosion and Sedimentation 
Control measures.  Maintenance shall be scheduled as required for a 
particular measure to maintain the removal efficiency and intent of the 
measure. 

 
b. All Erosion and Sedimentation Control measures shall be inspected at 

least once every seven calendar days and within 24 hours after any storm 
event of greater than 0.5 inches of rain per 24 hour period and appropriate 
maintenance conducted.  A rain gauge shall be maintained on the site and 
a record of the rainfall amounts and dates shall be kept properly.  

 
c.  Maintenance shall include, but not be limited to: 

 
(1) The removal and satisfactory disposal of trapped or deposited 

sediments from basins, traps, barriers, filters, and/or drainage 
features/devices; 

 
(2) Replacement of filter fabrics used for silt fences upon loss of 

efficiency; and 
 

(3) Replacement of any other components which are damaged or 
cannot serve the intended use. 

 
d.  The Contractor shall accept and maintain any existing sediments that are 

included in existing sediment traps or basins that accept or will accept 
stormwater flow and or sediment accumulation from all areas within the 
Contractor’s limits of construction. 

 
e. Sediments removed from Erosion and Sedimentation Control measures 

shall be disposed of in locations that will not result in off-site 
sedimentation as approved by the Engineer. 

 
f. All Erosion and Sedimentation Control measures shall be maintained to 

the satisfaction of the Engineer until the site has been stabilized. 
 

3.  Graded Slopes and Fills: 
 

The angle for graded slopes and fills shall be no greater than the angle that can be 
retained by vegetated cover or other adequate measures. 
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4. Finish Grading: 
 

All disturbed areas shall be uniformly graded to the lines, grades, and elevations 
shown on the Contract Drawings.  Except for certain erosion and sedimentation 
control measures and other areas designated to impound water, all areas shall be 
graded to drain.  Finished surfaces shall be reasonably smooth, compacted, and 
free from irregular surface changes.  Unless otherwise specified, the degree of 
finish shall be that ordinarily obtainable from either blade or scraper operations.  
Areas shall be finished to a smoothness suitable for application of topsoil. 

 
5. Revegetation: 

 
Revegetation shall conform to the requirements of Section 02930, Revegetation, 
of these Specifications. 

 
6. Cleanup: 

 
a. The Contractor shall remove from the site all subsoil excavated from his 

work and all other debris including, but not limited to, branches, paper, 
and rubbish in all landscape areas, and remove temporary barricades as the 
work proceeds. 

 
b. All areas shall be kept in a neat, orderly condition at all times.  Prior to 

final acceptance, the Contractor shall clean up the entire landscaped area 
to the satisfaction of the Engineer. 
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TABLE 1:  REQUIRED SILT FENCE FILTER FABRIC PROPERTIES 
 

 
PROPERTY 

 
TEST METHOD UNITS 

 
VALUE1 

 
Grab Tensile Strength2 ASTM D 4632 Lbs 

 
90 x 90 

 
Grab Elongation ASTM D 4632 % 

 
20 (Max.) 

 
Ultraviolet Resistance (500 hrs) ASTM D 4355 % 

 
80 

 
Apparent Opening Size (AOS) ASTM D 4751 U.S. Sieve 

 
30+ 

 
Permittivity 
 

ASTM D 4491 sec-1 
 

0.05 

 
Notes: 
1.  Minimum Average Roll Value (MARV). 
2.  Values for machine and cross machine direction (MD x XD), respectively. 

 
 

END OF SECTION 
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SECTION 02271 
 

RIP RAP 

 
A. DESCRIPTION 
 

1. General: 
 

The Contractor shall furnish all labor, material, and equipment to complete 
installation of Rip Rap for protection of earthen slopes against erosion as 
indicated, including all necessary and incidental items, in accordance with the 
Contract Drawings and these Specifications. 

 
2. Related Work: 

 
Related Contract Work is described in the following sections of the 
Specifications: 

 
Work     Section 

Geotextiles      02240 
Erosion and Sedimentation Control   02270 

 
3. Reference Standards: 

 
The latest revision of the following standards of the North Carolina Department 
of Transportation (NCDOT) are hereby made a part of these Specifications. 

 
NCDOT  Standard Specifications for Roads and Structures (2006). 

 
B. MATERIALS 
 

1. Rip Rap:  Rip Rap shall be of the size indicated on the Contract Drawings and 
shall conform to NCDOT Section 1042, Rip Rap Materials. 

 
2. Geotextiles:  Geotextiles shall conform to the requirements outlined in Section 

02240, Geotextiles, of these Specifications. 
 
C. SUBMITTALS 
 

The Contractor shall submit the following to the Engineer: 
 
 

Rip Rap:  This section includes all rip rap aprons and channel protection. 
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1. Submit a certification and summary of all required test results prior to installation, 
that all Rip Rap has been produced in accordance with these Specifications. 

 
2. Furnish copies of the delivery tickets or other approved receipts as evidence for 

materials received that will be incorporated into construction. 
 
D. CONSTRUCTION 
 

1. Surface Preparation: 
 

a. Trim and dress all areas to conform to the Contract Drawings as indicated 
with tolerance of 2 inches from theoretical slope lines and grades. 

 
b. Bring areas that are below allowable minimum tolerance limit to grade by 

filling with compacted Embankment material similar to adjacent material. 
 

c. Geotextiles shall be placed as shown on the Contract Drawings and in 
accordance with Section 02240, Geotextiles, of these Specifications. 

 
d. Do not place any stone material on the prepared surface prior to inspection 

and approval to proceed from the Engineer. 
 

2. Placing Rip Rap: 
 

Rip Rap shall be placed in accordance with NCDOT Section 876, Rip Rap. 
 
 

END OF SECTION 
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SECTION 02275 
 

ROLLED EROSION CONTROL PRODUCTS 

 
A. DESCRIPTION 
 

1. General:   
 

The Contractor shall furnish all labor, material, and equipment to complete 
installation of all RECPs in accordance with the Contract Drawings and these 
Specifications. 

 
2. Related Work: 

 
Related Contract Work is described in the following sections of the 
Specifications: 

 
Work     Section 

Erosion and Sedimentation Control   02270 
Revegetation      02930 

 
3. Reference Standards: 

 
The latest revision of the following standards of the American Society of Testing 
and Materials (ASTM) are hereby made a part of these specifications. 

 
ASTM D 4355 Standard Test Method for Deterioration of Geotextiles from 

Exposure to Ultraviolet Light and Water (Xenon-Arc Type 
Apparatus). 

 
ASTM D 6475  Standard Test Method for Measuring Mass per Unit Area 

of Erosion Control Blankets. 
 

ASTM D 6524  Standard Test Method for Measuring the Resiliency of Turf 
Reinforcement Mats. 

 
ASTM D 6525  Standard Test Method for Measuring Nominal Thickness of 

Permanent Erosion Control Products. 
 

ASTM D 6566  Standard Test Method for Measuring Mass per Unit Area 
of Turf Reinforcement Mats. 

 

Rolled Erosion Control Products:  Rolled Erosion Control Products (RECPs) include erosion 
control blankets (ECB) and turf reinforcement mats (TRM) placed in channels and on slopes. 
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ASTM D 6818  Standard Test Method for Ultimate Tensile Properties of 
Turf Reinforcement Mats. 

 
B. MATERIALS 
 

1.  General: 
 

The materials supplied under these Specifications shall consist of new, first-
quality products designed and manufactured specifically for the purpose of this 
work, which shall have been satisfactorily demonstrated, by prior use, to be 
suitable and durable for such purposes. 

 
Labels on each RECP shall identify the length, width, product name, and name of 
Manufacturer. 

 
2.  Erosion Control Blanket (ECB): 

 
ECB shall consist of a machine-produced mat of straw or wood excelsior fiber 
covered on the top side with a photodegradable extruded plastic or woven 
biodegradable netting and sewn together with degradable thread.  ECB shall also 
conform to the properties listed in Table 1 of this section.  ECB shall be S75, as 
manufactured by North American Green, CURLEX I, as manufactured by 
American Excelsior Company, LANDLOK S1, as manufactured by Propex 
Fabrics, or approved equal. 

 
Flexterra Flexible Growth Media (FGM), as manufactured by Profile Products, 
applied at a minimum rate of 3,500 lbs/acre is an acceptable substitute for ECB to 
be placed on 2H:1V slopes (a minimum rate of 3,000 lbs/acre shall be used on 
3H:1V slopes). 

 
3.  Turf Reinforcement Mat (TRM): 

 
TRM shall consist of a dense web of crimped and interlocking polypropylene 
fibers positioned between two biaxially oriented nets and mechanically bound 
together by parallel stitching with polypropylene thread.  TRM shall be designed 
to accelerate seedling emergence, exhibit high resiliency, and possess strength 
and elongation properties to limit stretching in a saturated condition.  TRM shall 
be stabilized against chemical and UV degradation which are normally found in a 
natural soil environment and shall have no biodegradable components.  TRM 
shall also conform to the properties listed in Table 1 of this section.  TRM shall 
be LANDLOK TRM 435, as manufactured by Propex Fabrics, or approved equal. 

 
4.  Anchors:  Anchors for RECPs shall consist of machine made staples of No. 8 

gauge new steel wire formed into a “U” shape.  The size when formed shall be not 
less that 8 inches in length with a throat of not less than 1 inch in width.  Longer 
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anchors may be required for loose soils.  Other anchors, such as metal pins or 
plastic pegs, may also be used if approved in advance by the Engineer. 

 
C. SUBMITTALS 
 

The Contractor shall submit the following to the Engineer: 
 

1.  Mill Certificate and Sample:  Prior to shipping to the site, the Contractor shall 
submit a mill certificate or affidavit signed by a legally authorized official of the 
Manufacturer for each RECP attesting that each RECP meets the physical and 
manufacturing requirements stated in these Specifications.  The Contractor shall 
also submit a sample of each RECP to be used.  The sample shall be labeled with 
the product name and be accompanied by the Manufacturer's specifications. 

 
2.  Shipping, Handling, and Storage Instructions:  The Manufacturer's plan for 

shipping, handling, and storage shall be submitted for review. 
 

3.  Installation Guidelines/Instructions:  The Manufacturer's guidelines/instructions 
for installation shall be submitted for review. 

 
4.  Furnish copies of delivery tickets or other approved receipts as evidence for 

materials received that will be incorporated into the construction. 
 
D. CONSTRUCTION 
 

1. Shipping, Handling, and Storage: 
 

All RECPs shall be shipped, handled, and stored in strict accordance with the 
Manufacturer's recommendations. 

 
2. Installation - General: 

 
a. Placing of RECPs shall be done immediately following seeding.  Seeding 

shall be performed in accordance with Section 02930, Revegetation, of 
these Specifications. 

 
b. RECPs shall be placed to the lines and grades shown on the Contract 

Drawings.  The earth surface shall be smooth and free from stones, clods, 
or debris which will prevent the contact of the RECP with the soil.  Care 
shall be taken to preserve the required line, grade, and cross section of the 
area. 

 
c.  RECPs shall be unrolled in the direction of the flow of water and shall be 

applied without stretching so that it will lie smoothly but loosely on the 
soil surface.   
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d.  At the time of installation, RECPs shall be rejected, if they have defects, 
rips, holes, flaws, evidence of deterioration, or other damage. 

 
e.  The Engineer may require adjustments in the installation requirements to 

fit individual conditions. 
 

3. Installation - Channels: 
 

RECPs installed in channels shall be unrolled parallel to the direction of water 
flow.  The first roll shall be centered longitudinally in the channel and anchored 
with staples.  Subsequent rolls shall be installed outward to the edges of the 
channel and be lapped to allow installation of a common row of anchors.  RECP 
ends shall be overlapped with the upstream ends on top (“shingled”).  Refer to the 
Contract Drawings and/or the Manufacturer=s installation guidelines/instructions 
for installation details. 

 
4. Installation - Slopes: 

 
RECPs installed on slopes shall be oriented in vertical strips and anchored.  
Subsequent rolls shall be installed outward to the edge(s) of the original roll and 
be lapped to allow installation of a common row of anchors.  RECP ends shall be 
shingled.  Refer to the Contract Drawings and/or the Manufacturer’s installation 
guidelines/instructions for installation details. 

 
5. Maintenance: 

 
Maintenance of RECPs shall be in accordance with Section 02270, Erosion and 
Sedimentation Control, of these Specifications. 
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TABLE 1: REQUIRED ROLLED EROSION CONTROL PRODUCT PROPERTIES 
 

 
PROPERTY 

 

 
TEST METHOD 

 
UNITS 

 
VALUE1 

 
Erosion Control Blanket (ECB) 
 
Mass per Unit Area 

 
ASTM D 6475 lbs/yd2 

 
0.5 + 10% 

(Straw) 
0.7 + 10% 
(Excelsior) 

 
Tensile Strength2 

 
ASTM D 6818 lbs/ft 

 
50 x 65 

 
Tensile Elongation 

 
ASTM D 6818 % 

 
20 

 
Maximum Permissible Shear 
Stress 
(Un-Vegetated) 

 
----- lb/ft2 

 
1.55 

 
Functional Longevity 

 
----- months 

 
12 

 
Turf Reinforcement Mat (TRM) 
 
Mass per Unit Area 

 
ASTM D 6566 oz/yd2 

 
8 

 
Thickness 

 
ASTM D 6525 inches 

 
0.35 

 
Tensile Strength2 

 
ASTM D 6818 lbs/ft 

 
225 x 175 

 
Tensile Elongation 

 
ASTM D 6818 % 

 
50 (max.) 

 
Resiliency 

 
ASTM D 6524 % 

 
80 

 
UV Resistance (1,000 Hours) 

 
ASTM D 4355 % 

 
80 

 
Maximum Permissible Shear 
Stress (Long-Term Vegetated) 

 
Large Scale lb/ft2 

 
5 

 
Notes: 

 
1. Typical for ECB; Minimum Average Roll Value (MARV) for TRM and HPTRM. 
2. Values for machine and cross machine direction (MD x XD), respectively. 

 
 

END OF SECTION 
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SECTION 02500 
 

ROADWAY WORK 

 
A. DESCRIPTION 
 

1. General: 
 

The Contractor shall furnish all labor, material, and equipment required to 
complete construction of all Roadway Work including gravel roads and asphalt 
concrete pavement in accordance with the Contract Drawings and these 
Specifications. 

 
2. Related Work: 

 
Related Contract Work is described in the following sections of the 
Specifications: 

 
Work     Section 

Excavation      02222 
Embankment      02223 
Geotextiles      02240 

 
3. Reference Standards: 

 
The latest revision of the following standards of the North Carolina Department 
of Transportation (NCDOT) are hereby made a part of these Specifications: 

 
NCDOT   Standard Specifications for Roads and Structures (2006). 

 
4. Quality Control: 

 
The Contractor will perform and document Quality Control tests for asphalt and 
concrete pavements as described in this section. 

 
B. MATERIALS  
 

1.   Geotextiles: 
 

Geotextiles shall conform to the requirements outlined in Section 02240, 
Geotextiles, of these Specifications. 

 
 

Roadway Work:  Roadway Work refers to the construction of paved and gravel road surfaces. 
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2.  Aggregate Base Course (ABC): 
 

All materials and placement associated with ABC shall be in accordance with 
NCDOT Section 520, Aggregate Base Course, and Section 1010, Aggregate for 
Non-Asphalt Flexible Type Bases. 

 
3.  Asphalt Concrete Base Course: 

 
All materials and placement associated with asphalt concrete base course shall be 
in accordance with NCDOT Section 610, Asphalt Concrete Plant Mix Pavements. 
 A job mix formula shall be developed by the Contractor for the particular 
materials the Contractor proposes to use, in accordance with Article 610-3.  The 
job mix formula shall be delivered to the Engineer at least two (2) weeks prior to 
beginning paving operations. Type B-25.0B base course is required for this 
project. 

 
4.  Asphalt Concrete Surface Course: 

 
All materials and placement associated with asphalt concrete surface course shall 
be in accordance with NCDOT Section 610, Asphalt Concrete Plant Mix 
Pavements.  A job mix formula shall be developed by the Contractor for the 
particular materials the Contractor proposes to use, in accordance with Article 
610-3.  The job mix formula shall be delivered to the Engineer at least two (2) 
weeks prior to beginning paving operations.  Type S-12.5B surface course is 
required for this project. 

 
5.  Asphalt Tack Coat: 

 
All materials and placement associated with asphalt tack coat shall be in 
accordance with NCDOT Section 605, Asphalt Tack Coat. 

 
C.  SUBMITTALS 
 

The Contractor shall submit the following to the Engineer: 
 
1. Submit a certification and summary of all required test results, prior to 

installation, that all materials for Roadway Work have been produced in 
accordance with these Specifications. 

 
2. Furnish copies of the delivery tickets or other approved receipts as evidence for 

materials received that will be incorporated into construction. 
 

3.  Submit copies of all quality control test results demonstrating compliance with 
project criteria. 
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D. CONSTRUCTION 
 

1.  General: 
 

All Roadway Work including the replacement of portions of the existing roads 
shall be to the limits, grades, thicknesses, and types as shown on the Contract 
Drawings.  Patches for pipe crossings and areas damaged during the construction 
work shall be asphalt or gravel, depending upon the material encountered, unless 
otherwise indicated. 

 
2. Earthwork: 

 
The earthwork for all Roadway Work shall be completed in accordance with 
Section 02222, Excavation, and Section 02223, Embankment, of these 
Specifications and as shown on the Contract Drawings. 

 
3. Geotextiles: 

 
Geotextiles shall be placed as shown on the Contract Drawings and in accordance 
with Section 02240, Geotextiles, of these Specifications.  If overlapped seams are 
used, overlaps shall be a minimum of 12 inches. 

 
4. Aggregate Base Course: 

 
ABC shall be constructed in accordance with NCDOT Section 520. 

 
5. Asphalt Concrete Base Course: 

 
Prior to placement of the asphalt concrete base course, the ABC (or soil subgrade) 
shall be inspected for damage or defects and repaired to the satisfaction of the 
Engineer.  The surface of the ABC (or soil subgrade) shall be approved by the 
Engineer.  The asphalt concrete base course shall be placed and compacted on the 
ABC in accordance with NCDOT Section 610 in 3.0 to 5.5 inch layers. 

 
6. Asphalt Concrete Surface Course: 

 
Prior to placement of the asphalt concrete surface course, the underlying course 
shall be inspected for damage or defects and repaired to the satisfaction of the 
Engineer.  The surface of the underlying course shall be approved by the 
Engineer.  The asphalt concrete surface course shall be placed and compacted on 
the underlying course in accordance with NCDOT Section 610 in layers not to 
exceed 2 inches. 
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7.  Asphalt Tack Coat: 
 

Asphalt tack coat shall be in applied in accordance with NCDOT Section 605 
beneath each layer of asphalt course to be placed, unless otherwise directed by the 
Engineer. 

 
8.  Underground Utility Lines: 

 
Where an underground utility line is beneath the Roadway Work, backfilling shall 
be carried out with special care, and the final consolidation shall be accomplished 
by a vibratory roller.  Construction of Roadway Work over the trench shall be 
deferred as long as practicable. 

 
9.  Junction with Other Paving: 

 
Where new asphalt pavement abuts existing asphalt pavement, the existing 
pavement shall be cut back to insure obtaining the specified compaction of the 
new pavement courses and interlocking adjoining courses.  Existing subbase 
courses shall be cut back from the subgrade level of the new pavement on a one-
on-one slope into the existing pavement and the asphalt courses of the existing 
pavement shall be removed for an additional 6 inches back from the slope.  The 
edge of the existing asphalt courses shall be saw cut straight and true.  The faces 
between new and existing asphalt courses shall receive an application of tack 
coat. 
 
Where new rigid concrete pavement abuts existing rigid concrete or asphalt 
paving, the existing paving shall be saw cut straight and true.  An expansion joint 
or a 2 inch minimum thickness with a filler material and sealant shall be placed 
between the new concrete pavement and the existing rigid concrete or asphalt 
paving. 

 
10.  Quality Control Testing: 

 
a.  Testing of Asphalt Pavement:  The Contractor shall perform density 

testing using either core samples or nuclear methods on all pavement 
sections 4.0 feet and wider (including widening, travel lanes, etc.) and on 
uniform width paved shoulders 2.0 feet and wider.  A minimum of one 
density test shall be performed for every 500 LF per lane of pavement. 

 
 

END OF SECTION 
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SECTION 02608 
 

PRECAST CONCRETE STRUCTURES 

 
A.  DESCRIPTION  
 

1. General: 
 

The Contractor shall furnish all labor, material, and equipment to complete 
installation of Precast Concrete Structures in accordance with the Contract 
Drawings and these Specifications. 

 
2. Related Work: 

 
Related Contract Work is described in the following sections of the 
Specifications: 

 
Work     Section 

Excavation      02222 
Embankment        02223 
Erosion and Sedimentation Control    02270 
HDPE Pipe       02614 
Valves       02640 
Storm Water Systems     02720 
CQA Manual     Attached 

 
3. Reference Standards: 

 
The latest revision of the following standards of the American Society of Testing 
and Materials (ASTM) are hereby made a part of these Specifications. 

 
ASTM A 615  Standard Specification for Deformed and Plain Billet-Steel 

Bars for Concrete Reinforcement. 
 

ASTM C 443  Standard Specification for Joints for Circular Concrete 
Sewer and Culvert Pipe, Using Rubber Gaskets. 

 
ASTM C 478  Standard Specification for Precast Reinforced Concrete 

Manhole Sections. 
 
ASTM C 497  Standard Test Methods for Concrete Pipe, Manhole 

Sections, or Tile. 

Precast Concrete Structures:  Precast Concrete Structures are used in the storm water, leachate 
management, and electrical systems. 
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ASTM C 990  Standard Specification for Joints for Concrete Pipe, 
Manholes, and Precast Box Sections Using Preformed 
Flexible Joint Sealants. 

 
ASTM C 1433  Standard Specification for Precast Reinforced Concrete 

Box Sections for Culverts, Strom Drains, and Sewers. 
 

4. Quality Assurance: 
 

Quality Assurance during placement of Precast Concrete Structures will be 
provided by the Owner as described in the accompanying Project CQA Manual. 

 
B. MATERIALS 
 

1.  Precast Concrete Manholes:  All precast concrete manholes shall be constructed 
from non-shrink, 4,000 psi compressive strength concrete in conformance with 
ASTM C 478 and as detailed on the Contract Drawings. 

 
2.  Precast Concrete Boxes:  All precast concrete boxes shall be constructed from 

non-shrink, 4,000 psi compressive strength concrete in conformance with ASTM 
C 1433 and as detailed on the Contract Drawings. 

 
3.  Precast Energy Dissipators:  All precast energy dissipators shall meet the 

requirements of NCDOT and shall be constructed from non-shrink, 4,000 psi 
compressive strength concrete in conformance with ASTM C 789 or ASTM C 
850, as applicable, and as detailed on the Contract Drawings. 

 
4.  Electrical Handholes:  All electrical handholes shall be constructed from non-

shrink, 4,000 psi compressive strength concrete in conformance with ASTM C 
1433 and as detailed on the Contract Drawings.  Each handhole shall have a cast 
iron frame and cover for access and shall be rated for H-20 loading. 

 
5.  Joints:  All joints shall be sealed with preformed plastic gaskets in conformance 

with ASTM C 990 or rubber gaskets in conformance with ASTM C 443. 
 
6.  Steps:  All steps shall be constructed of 0.5 inch reinforcing rod completely 

encased in corrosion-resistant rubber or plastic.  The upper surfaces of each step 
shall have a traction tread of self cleaning rubber cleats and guide lugs on both 
sides to prevent slippage. 

 
7.  Frames and Covers:  Frames and covers shall consist of cast iron frames and 

covers (Vulcan Foundry, or equal) equipped with steel handles and shall be of the 
opening size as indicated on the Contract Drawings.  Markings on the covers shall 
indicate the intended use of the structure and shall be acceptable to the Owner. 
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8.  Markings:  All Precast Concrete Structures shall include markings clearly 
identifying the date of manufacture, the name of the manufacturer, and any other 
pertinent information. 

 
9.  Epoxy Coating:  Where indicated on the Contract Drawings, an epoxy coating 

shall be applied.  Epoxy coating shall be Targuard Coal Tar Epoxy by Sherwin-
Williams, or approved equal.  Follow the Manufacturer’s recommendations in 
applying the epoxy coating. 

 
C. SUBMITTALS 
 

The Contractor shall submit the following to the Engineer: 
 

1. The Contractor shall submit shop drawings for Precast Concrete Structures for 
approval at least 4 weeks prior to construction.  Shop drawings shall show 
complete design, installation, and construction information in such detail as to 
enable the Engineer to determine the adequacy of the proposed units for the 
intended purpose.  Details of steel reinforcement size and placement shall be 
included.  The shop drawings shall include a schedule which will list the size and 
type of precast structure at each location where the precast structures are to be 
used. 

 
2. Submit a certification and summary of all required test results, prior to 

installation, that all Precast Concrete Structures have been produced in 
accordance with these Specifications. 

 
D. CONSTRUCTION 
 

1.  The Precast Concrete Structures shall be installed at the locations and to the 
elevations indicated on the Contract Drawings.  The Contractor shall give the 
CQA Engineer sufficient notice so he may observe the field location and 
installation activities. 

 
2.  The Precast Concrete Structures will be bedded and backfilled as indicated on the 

Contract Drawings. 
 
3.  Precast Concrete Structures which are damaged or become damaged will be 

rejected or shall be repaired in a manner approved by the Engineer at the 
Contractor’s sole expense. 

 
 

END OF SECTION 
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SECTION 02614 
 

HIGH DENSITY POLYETHYLENE (HDPE) PIPE 

 
A.  DESCRIPTION   
 

1. General: 
 

The Contractor shall furnish all labor, material, and equipment to complete 
installation of HDPE Pipe in accordance with the Contract Drawings and these 
Specifications.  The Contractor shall also clean and test pipelines where required. 

 
2. Related Work: 

 
Related Contract Work is described in the following sections of the 
Specifications: 

 
Work Section 

Excavation  02222 
Embankment  02223 
Precast Concrete Structures  02608 
Valves  02640 
Drainage Aggregate (Leachate Management) 02710 
Drainage Aggregate (Final Cover)  02711 
Drainage Geocomposite  02712 
HDPE Geomembrane  02775 
LLDPE Geomembrane  02778 
Leachate Pumps and Controls  11314 
CQA Manual Attached 

 
3. Reference Standards: 

 
The latest revision of the following standards of the American Society of Testing 
and Materials (ASTM) are hereby made a part of these specifications. 

 
ASTM D 638 Standard Test Method for Tensile Properties of Plastics. 
 
ASTM D 790 Standard Test Methods for Flexural Properties of 

Unreinforced and Reinforced Plastics and Electrical 
Insulating Materials. 

 

High Density Polyethylene (HDPE) Pipe:  HDPE Pipe is used in the storm water, leachate 
management, and landfill gas collection and control systems. 
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ASTM D 1238 Standard Test Method for Flow Rates of Thermoplastics by 
Extrusion Plastometer. 

 
ASTM D 1505 Standard Test Method for Density of Plastics by the 

Density-Gradient Technique. 
 

ASTM D 1603 Standard Test Method for Carbon Black in Olefin Plastics. 
 

ASTM D 2837 Standard Test Method for Obtaining Hydrostatic Design 
Basis for Thermoplastic Pipe Materials. 

 
ASTM D 3035 Standard Specification for Polyethylene (PE) Plastic Pipe 

(DR-PR) Based on Controlled Outside Diameter. 
 

ASTM D 3261 Standard Specification for Butt Heat Fusion Polyethylene 
(PE) Plastic Fittings for Polyethylene (PE) Plastic Pipe and 
Tubing. 

 
ASTM D 3350 Standard Specification for Polyethylene Plastics Pipe and 

Fitting Materials. 
 

ASTM F 412 Standard Terminology Relating to Plastic Piping Systems. 
 

ASTM F 714 Standard Specification for Polyethylene (PE) Plastic Pipe 
(SDR-PR) Based on Outside Diameter. 

 
ASTM F 1417 Standard Test Method for Installation Acceptance of Plastic 

Gravity Sewer Lines Using Low-Pressure Air. 
 

ASTM F 1473 Standard Test Method for Notch Tensile Test to Measure 
the Resistance to Slow Crack Growth of Polyethylene Pipes 
and Resins. 

 
ASTM F 2164 Standard Practice for Field Leak Testing of Polyethylene 

(PE) Pressure Piping Systems Using Hydrostatic Pressure. 
 

4. Quality Control: 
 

The Contractor shall perform pressure testing of HDPE Pipe as described in this 
section. 

 
5. Quality Assurance: 

 
Quality Assurance during placement of HDPE Pipe will be provided by the 
Owner as described in the accompanying Project CQA Manual. 
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B. MATERIALS 
 

1. All HDPE Pipe shall be manufactured from new materials meeting the physical 
requirements shown in Table 1 of this section. 

 
2. All HDPE Pipe shall have smooth interior walls and the DR (dimension ratio) and 

diameter of the pipe shall be as shown on the Contract Drawings. 
 

3. All HDPE Pipe having an outside diameter 3.5 inches and larger shall meet the 
requirements of ASTM F 714.  All HDPE Pipe having an outside diameter less 
than 3.5 inches shall meet the requirements of ASTM D 3035. 

 
4. Visible defects, such as cracks, creases, crazing, non-uniformly pigmented areas, 

or undispersed raw materials shall not be acceptable and will result in rejection of 
the pipe by the CQA Engineer. 

 
5. Pipe Perforations:  The perforations of the perforated HDPE Pipe shall be as 

shown on the Contract Drawings. 
 

6. All HDPE Pipe fittings shall be in accordance with ASTM D 3261 and shall be 
pressure rated to match the system piping.  The fittings shall be manufactured 
from the same materials as the pipe itself.  The butt fusion outlets of fittings shall 
be machined to the same DR as the system piping to which they are to be fused. 

 
7.  HDPE plate, to be placed at the base of the sump, shall be provided and installed 

under this section and shall have similar properties to that of HDPE Pipe. 
 

8.  Materials used as anchorage for pipe cleanouts shall be provided and installed 
under this section. 

 
9.  Underground Marking Tape: 

 
Underground marking tape shall be used on all buried HDPE pipe (outside of the 
containment area).  Labels shall be as appropriate based on the pipeline use. 

 
10.  Electrical Heat Tape and Insulation: 

 
Electrical heat tape and insulation shall be installed where shown on the Contract 
Drawings.  Heat tape shall be Easy Heat Freeze Free Self Regulating Pipe Heating 
System by Easy Heat of New Carlisle, Indiana, or approved equal.  Heat tape 
shall be installed per the Manufacturer’s guidelines based on the pipe diameter 
and a temperature of -20 F.  Insulation shall consist of premolded fiberglass or of 
closed cell flexible elastomeric material.  Insulation thickness shall be as 
recommended by the Manufacturer for a temperature of -20 F.  Insulation of 
interior service shall be jacketed with suitable moisture resistant fabric type 
material.  Insulation for exterior service shall have aluminum or plastic jacketing. 
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C. SUBMITTALS 
 

The Contractor shall submit the following to the CQA Engineer: 
 

1. Submit a certification and summary of all required test results, prior to 
installation, that all HDPE Pipe manufactured for the project has been produced in 
accordance with these Specifications. 

 
2. Submit a copy of the HDPE Pipe Manufacturer's recommendations for shipping, 

handling, and storage of pipe. 
 

3. Furnish copies of the delivery tickets or other approved receipts as evidence for 
materials received that will be incorporated into construction. 

 
4.  Survey Results: 

 
After placement of HDPE Pipe, survey results shall be submitted for review prior 
to acceptance. 

 
D. CONSTRUCTION 
 

1. Shipping , Handling, and Storage: 
 

All HDPE Pipe shall be shipped, handled, and stored in strict accordance with the 
Manufacturer's recommendations. 

 
2. HDPE Pipe Installation: 

 
a. The Contractor shall install HDPE Pipe to the lines and grades shown on 

the Contract Drawings.  Line and grade of piping shall be maintained with 
laser or approved equivalent.  The Contractor shall give the CQA Engineer 
sufficient notice so that the he may observe field location and installation 
activities. 

 
b. Excavation for buried lines shall be backfilled as directed by the Engineer 

as shown on the Contract Drawings.  Sand backfill or approved soil 
backfill compacted to at least 95 percent of the Standard Proctor dry 
density (ASTM D 698) shall be used. 

 
Sharp stones or other potentially damaging material shall be removed from 
the base of the trench prior to placement of the piping.  A leveling course, 
as required, shall consist of sand or other approved material. 

 
c. Pipe Connections:  Joining of HDPE Pipe shall be as follows: 
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(1) General pipe sections shall be butt-fusion welded according to the 
Manufacturer's recommendations and shall be performed by an 
appropriately trained fusion technician. 

 
(2) Pipe ends to be butt-fusion welded shall be clean and dry at the 

time of welding.  No welding shall occur during precipitation or 
excessive moisture. 

 
(3) The Contractor shall grind burrs or other potentially damaging 

areas in the welds prior to placement of the pipe. 
 

(4) Specified bolted pipe connections shall be made as specified on the 
Contract Drawings using stainless steel hardware and neoprene 
gaskets. 

 
(5) Polyethylene stub ends and flanges must be at the ambient 

temperature of the surrounding soil at the time they are bolted tight 
to prevent relaxation of the flange bolts and loosening of the joint 
due to thermal contraction of the polyethylene. 

 
(6)  Properly executed electrofusion fittings may be used. 

 
(7)  Where piping is designed to be inspected and cleaned via cleanout 

ports, appropriate fittings shall be used to facilitate movement of 
inspection and cleaning tools along the length of the pipe. 

 
d. Perforated HDPE Pipe shall be placed during construction as shown on the 

Contract Drawings. 
 

3. Cleaning: 
 

a.  All HDPE Pipe shall be cleaned of any accumulation of silt, debris, or 
foreign matter of any kind and shall be kept clear of such accumulation 
until final acceptance of the work. 

 
b.  Final Flushing:  The Contractor shall flush all leachate collection piping 

accessible by cleanout ports with potable water at or near the completion 
of the work.  Any sediment, HDPE shavings, etc. remaining at collection 
points (sumps, manholes, etc.) shall be removed and disposed of as 
directed by the Engineer. 

 
4. Pressure Testing: 

 
a. All solid piping where factory or field joints have been performed require 

pressure testing prior to approval by the CQA Engineer, except as noted 
below: 
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(1) Any unjointed section of pipe showing visual signs of damage or 
that is of questionable quality may be required to be pressure tested 
as directed by the CQA Engineer. 

 
(2) Cleanout risers within the containment areas do not require 

pressure testing. 
 

b.  Pressure testing shall be conducted by the Contractor in a manner 
approved by the Engineer.  Such testing shall be observed by the CQA 
Engineer. 

 
c.  Leachate Transmission Lines:  Pressure testing of leachate transmission 

lines shall be as follows: 
 

(1)  All gravity piping shall be tested using low-pressure air in 
accordance with ASTM F 1417. 

 
(2)  All force main piping shall be tested using hydrostatic pressure in 

accordance with ASTM F 2164. 
 

d.  Down Pipes:  Down pipes shall be tested using low-pressure air in 
accordance with ASTM F 1417. 

 
e.  LFG Piping:  Pressure testing of landfill gas piping shall be as follows: 

 
(1)  All gravity and vacuum piping shall be tested using low-pressure 

air in accordance with ASTM F 1417. 
 

(2)  All force main piping shall be tested using hydrostatic pressure in 
accordance with ASTM F 2164. 

 
f.  The pressures used in testing must not exceed the working pressure of the 

lowest rated component in the system (i.e. valves, meters, flanges, unions, 
etc.).  The Manufacturer's recommendation for pressure testing may also 
be acceptable as an alternative if approved in advance by the Engineer. 

 
g.  Pressure testing of short sections of piping to be placed in confined or 

inaccessible areas may be pressure tested by the Contractor prior to 
installation when approved by the Engineer.  Temporary fittings, etc. 
required to plug section ends shall be provided by the Contractor at no 
expense to the Owner. 

 
h.  Any piping that does not meet the pressure test criteria shall be repaired 

and retested at the Contractor's expense.  No piping shall be approved until 
successful pressure testing is completed. 
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5.  Camera Inspection of Leachate Collection Piping: 
 

At or near the completion of the placement of all materials within the limits of the 
liner system (through protective cover), the Contractor shall document by video 
camera inspection that all leachate collection piping is clean and connected and 
that no portions of piping are visibly damaged or deformed.  Unless otherwise 
indicated, the piping to be inspected includes all piping within the limits of the 
liner system.  The Contractor shall locate and protect all pipe ends which must be 
accessed for the camera inspection. 
 

6.  Surveying: 
 

The Contractor shall survey all HDPE Pipe on 100 foot centers and at bends to 
ensure the proper location and grade of the piping. 

 
 
 
TABLE 1: REQUIRED HDPE PIPE PROPERTIES 
 

 
PROPERTY 

 
TEST 

METHOD 
 

UNITS 
 

VALUE1 
 

 
Material Designation ASTM D 412 ----------

 
PE 3408

 
Cell Classification ASTM D 3350 ----------

 
345464 C

 
Density ASTM D 1505 g/cm3

 
0.955

 
Melt Flow Index ASTM D 1238 g/10 min

 
0.1

 
Flexural Modulus ASTM D 790 psi

 
130,000

 
Tensile Strength @ Yield ASTM D 638 psi

 
3,200

 
SCG (PENT) ASTM F 1473 hrs.

 
> 100

 
Hydrostatic Design Basis at 73 F ASTM D 2837 psi 

 
1,600 

 
UV Stabilizer ASTM D 1603 % Carbon Black 

 
2 - 3% 

 

 
Notes: 
1.  Nominal Values. 

 
 

END OF SECTION 
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SECTION 02640 
 

VALVES 

 
A. DESCRIPTION 
 

1. General: 
 

The Contractor shall furnish all labor, material, and equipment to complete 
installation of all valves including all fittings, appurtenances, and transition pieces 
required for a complete and operable installation in accordance with the Contract 
Drawings and these Specifications. 

 
2. Related Work: 

 
Related Contract Work is described in the following sections of the 
Specifications: 

 
Work Section 

Precast Concrete Structures  02608 
HDPE Pipe  02614 
CQA Manual Attached 

 
3. Reference Standards: 

 
The latest revision of the following standards of the American National Standard 
Institute (ANSI) are hereby made a part of these specifications. 

 
ANSI B 16.1  Pipe Flanges and Flanged Fittings. 

 
4. Quality Assurance: 

 
Quality Assurance during installation of Valves will be provided by the Owner as 
described in the accompanying Project CQA Manual. 

 
B. MATERIALS 
 

1. Valve Materials and Construction: 
 

a. All valves shall be constructed of new, first quality materials which have 
strength, wearing, and corrosion resistance characteristics entirely suitable 
for the types of service for which the individual valves are designated.   

Valves:  Gate, butterfly, swing check, air and vacuum release, and ball valves are to be 
installed in the leachate and gas management systems of the landfill. 
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b. All valve body castings shall be clean, sound, and without defects of any 
kind.  No plugging, welding, or repairing of defects will be allowed. 

 
c. Valves shall have flanged ends for exposed service and mechanical joint 

ends for buried service, unless otherwise shown on the Contract Drawings 
or specified herein.  Flanged ends shall be flat-faced, 125 lb. American 
Standard unless otherwise shown or specified in accordance with ANSI 
B16.1.  All bolt heads and nuts shall be hexagonal of American Standard 
size.  The Contractor shall be responsible for coordinating connecting 
piping. 

 
2. Gate Valves: 

 
Gate valves shall be rated to 150 psi at 70F.  Body shall be PVC.  The valve 
shaft shall be stainless steel and be of blow out proof design.  The elastomeric 
plug shall be polypropylene or CPVC.  Seals shall be EPDM or Teflon.  Gate 
valves shall have flanged (ANSI) ends.  Gate valves shall be as manufactured by 
Asahi/America, Inc., or equal. 

 
3. Butterfly Valves: 

 
Butterfly valves shall be a wafer type single piece body design rated to 150 psi at 
70F.  Body shall be molded of glass fiber reinforced PVC.  The valve disc shall 
be Type 1, Grade 1 PVC or glass reinforced polypropylene.  The valve shaft shall 
be stainless steel and be of blow out proof design.  The elastomeric liner shall 
have an integrally molded flange face seal.  Liner and seals shall be EPDM or 
Teflon.  Valves shall be furnished with a manual gear box operator that direct 
mounts to the valve.  The operator shall have a torque output of 3,500 inch 
pounds.  The operator case shall be of die cast aluminum and epoxy coated.  
Butterfly valves shall be as manufactured by Hayward Industrial Products, or 
equal. 

 
4. Swing Check Valves: 

 
Swing Check Valves shall be constructed of solid Class 12454-B PVC or Class 
23447-B CPVC with EPDM or Teflon seats and seals.  Valves intended for 
chemical service shall be constructed of materials suitable for the intended 
service.  Valves shall have an external lever and weight.  Check valves shall have 
flanged (ANSI) ends.  Valves shall be capable of top entry to facilitate cleaning 
and repair without removal from the line.  Valves shall incorporate a single disc 
design.  Check valves shall be as manufactured by ASAHI/AMERICA, Inc., or 
equal. 

 
5. Air and Vacuum Release Valves: 

 
Air and vacuum release valves shall operate by sealing a BUNA-N rubber outlet 
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seat with a peripheral float as the liquid enters the valve chamber to raise the float.  
The valve shall satisfactorily withstand hydrostatic pressures of 300 psi.  The 
valve shall be constructed of cast iron body and top flange with stainless steel or 
bronze and brass trim.  The peripheral guided float shall be stainless steel.  Air 
and vacuum release valves shall be as manufactured by Crispin, or equal. 

 
6. Ball Valves: 

 
Ball valves shall be constructed of PVC.  Ball valves shall have two-way blocking 
capability and shall have flanged (ANSI) ends.  Ball valves shall have Teflon 
seats with Viton backing cushions and Viton o-ring seals, and shall be designed 
for a maximum water working pressure of 150 psi at 120F.  Ball valves shall be 
furnished with ABS lever operating handles.  Ball valves shall be as manufactured 
by Asahi/America, Inc., or equal.  

 
7. Valve Operators: 

 
The valve operator shall be designed to unseat, open or close, and seat the valve 
under the most adverse operating condition to which the valve will be subjected.  
All gearing shall be totally enclosed, sealed, and permanently lubricated. 

 
8.  Valve Boxes: 

 
Valve boxes shall be constructed of reinforced concrete or cast iron, have cast 
iron lids, and shall generally be as shown on the Contract Drawings.  Valve boxes 
shall be of the appropriate size depending on the particular valve installed.  Valve 
boxes shall be approved by the Engineer prior to installation.  Precast concrete 
valve boxes shall be in accordance with Section 02608, Precast Concrete 
Structures, of these Specifications. 

 
C. SUBMITTALS 
 

The Contractor shall submit the following to the CQA Engineer: 
 

1. Submit a certification and summary of all required test results, prior to 
installation, that all valves manufactured for the project have been produced in 
accordance with these Specifications. 

 
2. Submit Shop Drawings for all valves and accessories prior to installation.  

Submittals shall include all layout dimensions, size and materials of construction 
for all components, information on support and anchoring where necessary, 
pneumatic and hydraulic characteristics, and complete descriptive information to 
demonstrate full compliance with the Contract Documents.  

 
3. Furnish copies of the delivery tickets or other approved receipts as evidence for 

materials received that will be incorporated into construction. 
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4. Operation and maintenance manuals and installation instructions shall be 
submitted for all valves and accessories.  The Manufacturer(s) shall delete all 
information which does not apply to the equipment being furnished. 

 
D. CONSTRUCTION 
 

1. Before installation, all valves shall be lubricated, manually opened and closed to 
check their operation, and the interior of the valves shall be thoroughly cleaned. 

 
2. Install all valves where shown on the Contract Drawings in accordance with the 

Manufacturer's instructions. 
 

3. Install all valves so that operating handwheels or wrenches may be conveniently 
turned but without interfering with access, and as approved by the Engineer. 

 
4. Unless otherwise approved, install all valves plumb and level.  Valves shall be 

installed free from distortion and strain caused by misaligned piping, equipment, 
or other causes.  Concrete valve footings shall be provided for each unsupported 
valve where recommended by the Manufacturer or as directed by the Engineer. 

 
5. Valve boxes shall be set plumb, and centered with the bodies directly over the 

valves so that traffic loads are not transmitted to the valve.  Earth fill shall be 
carefully tamped around each valve box to a distance of 4 feet on all sides of the 
box, or to the undisturbed trench face, if less than 4 feet. 

 
 

END OF SECTION 
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SECTION 02710 
 

DRAINAGE AGGREGATE (LEACHATE MANAGEMENT) 

 
A. DESCRIPTION 
 

1. General: 
 

The Contractor shall furnish all labor, material, and equipment to complete the 
installation of Drainage Aggregate in accordance with the Contract Drawings and 
these Specifications. 

 
2. Related Work: 

 
Related Contract Work is described in the following sections of the 
Specifications: 

 
Work     Section 

Geotextiles       02240 
Protective Cover     02256 
HDPE Pipe      02614 
Drainage Geocomposite    02712 
HDPE Geomembrane     02775 
CQA Manual     Attached 

 
3. Reference Standards: 

 
The latest revision of the following standards of the American Society of Testing 
and Materials (ASTM) and the North Carolina Department of Transportation 
(NCDOT) are hereby made a part of these specifications. 

 
ASTM C 136  Standard Test Method for Sieve Analysis of Fine and 

Coarse Aggregates. 
 

ASTM D 2434 Standard Test Method for Permeability of Granular Soils 
(Constant Head). 

 
ASTM D 3042  Standard Test Method for Insoluble Residue in Carbonate 

Aggregates. 
 
NCDOT   Standard Specifications for Roads and Structures. 

Drainage Aggregate:  Drainage Aggregate includes leachate collection media and coarse 
aggregate, which is placed on top of the geomembrane, around leachate collection pipes 
(gravel columns), and in the sump for the purpose of leachate collection and removal. 
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4. Quality Assurance: 
 

Quality Assurance during placement of Drainage Aggregate will be provided by 
the Owner as described in the accompanying Project CQA Manual. 

 
B. MATERIALS  
 

1. Leachate Collection Media: 
 

a. A granular material (NCDOT No. 78 or alternate gradation if approved by 
the Engineer) from a non-carbonate source (< 15% carbonate content by 
ASTM D 3042) shall be used as a leachate collection media on the base of 
the containment area as shown on the Contract Drawings and shall be 
approved by the CQA Engineer at least four weeks prior to construction. 

 
b. The collection media shall be sound, durable, and free from seams, cracks, 

or other structural defects.  The material shall be free of shale, clay, friable 
materials, and debris. 

 
c.  The collection media shall meet the following gradation criteria and have 

a coefficient of permeability of 1 cm/sec. (ASTM D 2434) or greater. 
 

 
Sieve Size Percent Passing 

 
¾ Inch 100 

 
½ Inch 98-100 

 
⅜ Inch 75-100 

 
No. 4 20-45 

 
No. 8 0-15 

 
No. 200 0-2 

 
The Engineer may approve an alternate gradation if the material meets 
permeability criteria. 

 
2. Coarse Aggregate: 

 
a.  Coarse aggregate (NCDOT No. 57 or alternate gradation if approved by 

the Engineer) from a non-carbonate source (< 15% carbonate content by 
ASTM D 3042) shall be placed around the collection pipes and within the 
sumps where shown on the Contract Drawings and shall be approved by 
the CQA Engineer at least four weeks prior to construction. 
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b.  Coarse aggregate shall be sound, durable, and free from seams, cracks, or 
other structural defects.  The material shall be free of shale, clay, friable 
materials, and debris.  Coarse aggregate consisting of long, thin, and/or 
angular particles may be rejected at the sole discretion of the Engineer. 

 
c.  Coarse aggregate shall meet the following gradation criteria. 

 
 

Sieve Size Percent Passing 
 

1½ Inch 100 
 

1 Inch 95-100 
 

½ Inch 25-60 
 

No. 4 0-10 
 

No. 8 0-5 
 

No. 200 0-2 

 
 
C. SUBMITTALS 
 

The Contractor shall submit the following to the CQA Engineer: 
 

1.  Before approval is given to proceed, the Contractor shall submit descriptive 
information on equipment to be used for placement of the Drainage Aggregate. 

 
2.  The Contractor shall submit at least two bulk samples each of leachate collection 

media and coarse aggregate from each material source for approval at least four 
weeks prior to beginning construction of the leachate collection system.  Along 
with the bulk samples, the Contractor shall also submit a certification from each 
material source that the materials proposed meet the specified gradation 
requirements. 

 
3.  Survey Results: 

 
After completion of a segment of Drainage Aggregate, survey results shall be 
submitted for review prior to Drainage Aggregate acceptance. 

 
D. CONSTRUCTION 
 

1. Failing CQA Material Control Tests: 
 

Drainage Aggregate that is rejected upon testing shall be removed from the 
project site and replaced at Contractor's cost.  Sampling and CQA testing of 
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Drainage Aggregate supplied as replacement for rejected material shall be 
performed by the CQA Engineer at the Contractor's cost. 

 
2. The Drainage Aggregate is placed directly over geosynthetics and piping; thus, 

extreme caution shall be exercised by the Contractor to prevent damage to these 
materials. 

 
Test areas to evaluate potential damage due to equipment operations may be 
required by the Engineer to assess equipment to be used by the Contractor at the 
Contractor’s sole expense.  Test area parameters shall be determined by the 
Engineer and Contractor in advance of construction of the leachate collection 
system. 

 
3. All placement of Drainage Aggregate shall be performed only when the CQA 

Engineer is informed by the Contractor of intent to perform such work. 
 

4. The Contractor shall exercise care in maintaining a true line and grade for all 
piping during placement and spreading of Drainage Aggregate. 

 
5. Drainage Aggregate shall be placed over geosynthetics and/or piping only after 

areas have been released by the Geosynthetics Installer and the CQA Engineer.  
Drainage Aggregate shall be placed as specified below: 

 
a. Drainage Aggregate shall be placed and spread using tracked equipment.  

On slopes of 6H:1V or steeper, low ground pressure (6 psi or less) tracked 
equipment shall be used.  On slopes flatter than 6H:1V, tracked equipment 
shall have a ground pressure of 12 psi or less.  The CQA Engineer shall 
approve the equipment used to place Drainage Aggregate.  The Contractor 
shall place plastic traffic cones or other markers approved by the CQA 
Engineer on 100 foot centers to monitor thickness during placement. 

 
b. Tracked equipment used to place and spread Drainage Aggregate shall 

operate on at least 1 foot of material overlying geosynthetics and/or 
piping. Sharp turning of tracked equipment on the Drainage Aggregate 
will not be permitted. 

 
c.  On slopes of 6H:1V or steeper, Drainage Aggregate shall be placed and 

spread from the bottom up unless otherwise approved by the Engineer.  
No material shall be dumped down a slope. 

 
d. Drainage Aggregate shall not be placed over standing water or ice. 

 
e. Drainage Aggregate shall not be compacted within the limits of the 

containment area. 
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f. Drainage Aggregate shall be placed to the lines and grades as shown on 
the Contract Drawings except that a 0.15 foot overbuild at the 
Contractor’s expense is allowed.  Drainage Aggregate placed beyond 
these limits shall be removed at the Contractor's sole expense if required 
by the Engineer. 

 
6.  The Drainage Aggregate shall be spread in a manner that minimizes development 

of wrinkles or tension in the underlying geosynthetics.  Any portion of the 
underlying geosynthetics that develops excessive wrinkles or crimp or is 
otherwise damaged shall be repaired by the Geosynthetics Installer at no expense 
to the Owner. 

 
a.  Drainage Aggregate shall not be placed when conditions are warm enough 

to produce excessive wrinkles in the underlying geosynthetics.  Likewise, 
Drainage Aggregate shall not be placed when conditions are cold enough 
to produce tension in the underlying geosynthetics. 

 
b.  If during spreading, excessive wrinkles develop, the Contractor shall 

adjust placement and spreading methods, or cease until the underlying 
geosynthetics cool and wrinkles decrease in size. 

 
c.  Wrinkles that exceed approximately 6 inches in height and cannot be 

eliminated by amended placement and spreading methods or underlying 
geosynthetics that become crimped shall be cut and repaired by the 
Geosynthetics Installer in a method approved by the Engineer. 

 
7.  Stockpiling of Drainage Aggregate within the limits of the containment area shall 

be subject to advance approval by the Engineer.  Any hauling equipment (dump 
trucks, etc.) operating within the containment area shall have a minimum of 3 feet 
of separation between the vehicle wheels and the Geomembrane. 

 
The Contractor shall minimize equipment operations directly over coarse 
aggregate. 

 
8.  The CQA Engineer may require removal of Drainage Aggregate and/or other 

underlying layers at the Contractor’s sole expense to allow examination of the 
underlying geosynthetics and/or piping.  Any damage to the underlying layers or 
excessive wrinkling or crimping during placement of Drainage Aggregate shall be 
repaired in accordance with the applicable section of these Specifications at the 
Contractor’s sole expense. 

 
9.  Surveying: 

 
After completion of a segment of Drainage Aggregate, the Drainage Aggregate 
shall be surveyed on 100 foot centers and at slope breaks (including all tops and 
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toes of slope, points of grade change, etc.) (Note that the tops of gravel columns 
may be surveyed along with the Protective Cover.) to ensure: 

 
a. The specified thickness has been achieved. 

 
b. The top of the Drainage Aggregate slopes at grades specified on the 

Contract Drawings; and 
 

c. Drainage Aggregate placed more than 0.15 feet beyond the limits of the 
lines and grades as shown on the Contract Drawings will not be accepted 
and must be removed at the Contractor's sole expense if required by the 
Engineer. 

 
This work shall be performed at the Contractor’s cost by a registered surveyor. 

 
 

END OF SECTION 
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SECTION 02711 
 

DRAINAGE AGGREGATE (FINAL COVER) 

 
A. DESCRIPTION 
 

1. General: 
 

The Contractor shall furnish all labor, material, and equipment to complete the 
installation of Drainage Aggregate in accordance with the Contract Drawings and 
these Specifications. 

 
2. Related Work: 

 
Related Contract Work is described in the following sections of the 
Specifications: 

 
Work     Section 

Geotextiles       02240 
Vegetative Soil Layer     02258 
HDPE Pipe      02614 
Drainage Geocomposite    02712 
LLDPE Geomembrane    02778 
CQA Manual     Attached 

 
3. Reference Standards: 

 
The latest revision of the following standards of the American Society of Testing 
and Materials (ASTM) and the North Carolina Department of Transportation 
(NCDOT) are hereby made a part of these specifications. 

 
ASTM C 136  Standard Test Method for Sieve Analysis of Fine and 

Coarse Aggregates. 
 

ASTM D 2434 Standard Test Method for Permeability of Granular Soils 
(Constant Head). 

 
ASTM D 3042  Standard Test Method for Insoluble Residue in Carbonate 

Aggregates. 
 
NCDOT   Standard Specifications for Roads and Structures. 

 

Drainage Aggregate:  Drainage Aggregate includes coarse aggregate, which is placed in the 
final cover system for the purpose of surface and subsurface water collection and removal. 
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4. Quality Assurance: 
 

Quality Assurance during placement of Drainage Aggregate will be provided by 
the Owner as described in the accompanying Project CQA Manual. 

 
B. MATERIALS  
 

1. Coarse Aggregate: 
 

a.  Coarse aggregate (Rain Gutters:  1½ to 3 inch or alternate gradation if 
approved by the Engineer) (Other Drains:  NCDOT No. 78 and/or 57 
Stone) shall be placed around the collection pipes where shown on the 
Contract Drawings and shall be approved by the CQA Engineer at least 
four weeks prior to construction. 

 
b.  Coarse aggregate shall be sound, durable, and free from seams, cracks, or 

other structural defects.  The material shall be free of shale, clay, friable 
materials, and debris.  Coarse aggregate consisting of long, thin, and/or 
highly angular particles may be rejected at the sole discretion of the 
Engineer. 

 
C. SUBMITTALS 
 

The Contractor shall submit the following to the CQA Engineer: 
 

1.  Before approval is given to proceed, the Contractor shall submit descriptive 
information on equipment to be used for placement of the Drainage Aggregate. 

 
2.  The Contractor shall submit at least two bulk samples of each type of coarse 

aggregate from each material source for approval at least four weeks prior to 
beginning construction of the final cover system.  Along with the bulk samples, 
the Contractor shall also submit a certification from each material source that the 
materials proposed meet the specified gradation requirements. 

 
D. CONSTRUCTION 
 

1. Failing CQA Material Control Tests: 
 

Drainage Aggregate that is rejected upon testing shall be removed from the 
project site and replaced at Contractor's cost.  Sampling and CQA testing of 
Drainage Aggregate supplied as replacement for rejected material shall be 
performed by the CQA Engineer at the Contractor's cost. 

 
2. The Drainage Aggregate is placed directly over geosynthetics and/or piping; thus, 

extreme caution shall be exercised by the Contractor to prevent damage to these 
materials. 
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Test areas to evaluate potential damage due to equipment operations may be 
required by the Engineer to assess equipment to be used by the Contractor at the 
Contractor’s sole expense.  Test area parameters shall be determined by the 
Engineer and Contractor in advance of construction of the final cover system. 

 
3. All placement of Drainage Aggregate shall be performed only when the CQA 

Engineer is informed by the Contractor of intent to perform such work. 
 

4. The Contractor shall exercise care in maintaining a true line and grade for all 
piping during placement and spreading of Drainage Aggregate. 

 
5. Drainage Aggregate shall be placed over geosynthetics and/or piping only after 

areas have been released by the Geosynthetics Installer and the CQA Engineer.  
Drainage Aggregate shall be placed as specified below: 

 
a. Drainage Aggregate shall be placed and spread with low ground pressure 

(6 psi or less) tracked equipment.  The CQA Engineer shall approve the 
equipment used to place Drainage Aggregate. 

 
b. Tracked equipment used to spread Drainage Aggregate shall operate on at 

least 1 foot of material overlying geosynthetics and/or piping.  Sharp 
turning of tracked equipment on the Drainage Aggregate will not be 
permitted. 

 
c.  On slopes of 6H:1V or steeper, Drainage Aggregate shall be placed and 

spread from the bottom up unless otherwise approved by the Engineer.  
No material shall be dumped down a slope. 

 
d.  Drainage Aggregate shall not be placed over standing water or ice. 

 
e. Drainage Aggregate shall not be compacted within the limits of the final 

cover. 
 

6.  The Drainage Aggregate shall be spread in a manner that minimizes development 
of wrinkles or tension in the underlying geosynthetics.  Any portion of the 
underlying geosynthetics that develops excessive wrinkles or crimp or is 
otherwise damaged shall be repaired by the Geosynthetics Installer at no expense 
to the Owner. 
 
a.  Drainage Aggregate shall not be placed when conditions are warm enough 

to produce excessive wrinkles in the underlying geosynthetics.  Likewise, 
Drainage Aggregate shall not be placed when conditions are cold enough 
to produce tension in the underlying geosynthetics. 
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b.  If during spreading, excessive wrinkles develop, the Contractor shall 
adjust placement and spreading methods, or cease until the underlying 
geosynthetics cool and wrinkles decrease in size. 

 
c.  Wrinkles that exceed approximately 6 inches in height and cannot be 

eliminated by amended placement and spreading methods or underlying 
geosynthetics that become crimped shall be cut and repaired by the 
Geosynthetics Installer in a method approved by the Engineer. 

 
7.  Stockpiling of Drainage Aggregate within the limits of the final cover shall be 

subject to advance approval by the Engineer.  Any hauling equipment (dump 
trucks, etc.) operating on the final cover shall have a minimum of 3 feet of 
separation between the vehicle wheels and the Geomembrane. 

 
The Contractor shall minimize equipment operations directly over coarse 
aggregate. 

 
8.  The CQA Engineer may require removal of Drainage Aggregate and/or other 

underlying layers at the Contractor’s sole expense to allow examination of the 
underlying geosynthetics and/or piping.  Any damage to the underlying layers or 
excessive wrinkling or crimping during placement of Drainage Aggregate shall be 
repaired in accordance with the applicable section of these Specifications at the 
Contractor’s sole expense. 

 
 

END OF SECTION 
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SECTION 02712 
 

DRAINAGE GEOCOMPOSITE 

 
A. DESCRIPTION 
 

1. General: 
 

The Contractor shall furnish all labor, material, and equipment to complete 
installation of DGC, including all necessary and incidental items, in accordance 
with the Contract Drawings and these Specifications. 

 
2. Related Work: 

 
Related Contract Work is described in the following sections of the 
Specifications: 

 
Work     Section 

Protective Cover     02256 
Vegetative Soil Layer     02258 
HDPE Pipe      02614 
Drainage Aggregate (Leachate Management) 02710 
Drainage Aggregate (Final Cover)   02711 
HDPE Geomembrane     02775 
LLDPE Geomembrane    02778 
CQA Manual     Attached 

 
3. Reference Standards: 

 
The latest revision of the following standards of the American Society of Testing 
and Materials (ASTM) and the Geosynthetic Research Institute (GRI) are hereby 
made a part of these specifications. 
 
ASTM D 413  Standard Test Methods for Rubber Property - Adhesion to 

Flexible Substrate. 
 

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

 
ASTM D 1603  Standard Test Method for Carbon Black in Olefin Plastics. 

 

Drainage Geocomposite (DGC):  The Drainage Geocomposite (DGC) consists of a geonet 
drainage core and heat-bonded nonwoven geotextile.  The purpose of the DGC is to rapidly 
transmit flow to collection piping. 
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ASTM D 4218  Standard Test Method for Determination of Carbon Black 
Content in Polyethylene Compounds By the Muffle-
Furnace Technique. 

 
ASTM D 4355 Standard Test Method for Deterioration of Geotextiles from 

Exposure to Ultraviolet Light and Water (Xenon-Arc Type 
Apparatus). 

 
ASTM D 4491 Standard Test Methods for Water Permeability of 

Geotextiles by Permittivity. 
 

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

 
ASTM D 4716 Standard Test Method for Constant Head Hydraulic 

Transmissivity (In-Plane Flow) of Geotextiles and 
Geotextile Related Products. 

 
ASTM D 4751 Standard Test Method for Determining Apparent Opening 

Size of a Geotextile. 
 

ASTM D 4833 Standard Test Method for Index Puncture Resistance of 
Geotextiles, Geomembranes, and Related Products. 

 
ASTM D 5199 Standard Test Method for Measuring Nominal Thickness of 

Geotextiles and Geomembranes. 
 

ASTM D 5261  Standard Test Method for Measuring Mass per Unit Area 
of Geotextiles. 

 
ASTM D 5321  Standard Test Method for Determining the Coefficient of 

Soil and Geosynthetic or Geosynthetic and Geosynthetic 
Friction by the Direct Shear Method. 

 
GRI GC7  Determination of Adhesion and Bond Strength of 

Geocomposites. 
 

4.  Quality Control: 
 

The Contractor shall perform Quality Control tests in accordance with Table 3 of 
this section. 

 
5. Quality Assurance: 

 
Quality Assurance during installation of DGC will be provided by the Owner as 
described in the accompanying Project CQA Manual. 
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B.  MATERIALS 
 

1. General: 
 

The materials supplied under these Specifications shall consist of new, first-
quality products designed and manufactured specifically for the purpose of this 
work, which shall have been satisfactorily demonstrated, by prior use, to be 
suitable and durable for such purposes. 

 
Labels on each roll of DGC shall identify the length, width, lot and roll numbers, 
and name of Manufacturer. 

 
2. The geonet drainage core shall be manufactured by extruding polyethylene 

strands to form a three dimensional structure to provide planer water flow. 
 

3. A nonwoven needlepunched geotextile, consisting of polyester or polypropylene 
and manufactured in a manner approved by the Engineer, shall be heat-bonded to 
the geonet drainage core.  Roll edges shall have a maximum unbonded length of 6 
inches, unless otherwise approved by the Engineer.  Heat bonding shall be 
performed by the Manufacturer prior to shipping to the site. 

 
4. Base Liner Drainage Geocomposite (Service Loads </= 15,000 psf): 

 
Base Liner DGC shall have a nonwoven geotextile heat-bonded to both sides of 
the geonet drainage core.  Physical properties of the DGC shall be as shown in 
Table 1 of this section. 

 
5.  Final Cover Drainage Geocomposite: 

 
Final Cover DGC shall have a nonwoven geotextile heat-bonded to both sides of 
the geonet drainage core.  Physical properties of the DGC shall be as shown in 
Table 1 of this section. 

 
C.  SUBMITTALS 
 

Prior to DGC installation, the Contractor shall submit the following to the CQA 
Engineer: 

 
1. Mill Certificate and Sample:  Prior to shipping to the site, the Contractor shall 

submit a mill certificate or affidavit signed by a legally authorized official of the 
Manufacturer for the DGC attesting that the DGC meets the physical and 
manufacturing requirements stated in these Specifications.  The Contractor shall 
also submit a sample of the DGC to be used.  The sample shall be labeled with the 
product name and be accompanied by the Manufacturer's specifications. 
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2. Shipping, Handling, and Storage Instructions:  The Manufacturer's plan for 
shipping, handling, and storage shall be submitted for review. 

 
3.  Seaming Procedures: 

 
Submit proposed seaming procedures including proposed method and equipment. 

 
4. Quality Control Certificates:  For DGC delivered to the site, quality control 

certificates, signed by the Manufacturer's quality assurance manager shall be 
provided which represent every roll of DGC.  Each certification shall have the roll 
identification number(s), test methods, frequency, and test results.  At a 
minimum, the test results and frequency of testing shall be as shown in Table 2 of 
this section. 

 
5.  Contractor Quality Control Test Results:  The Contractor shall provide the results 

of required testing. 
 

6. Furnish copies of delivery tickets or other approved receipts as evidence for 
materials received that will be incorporated into the construction. 

 
D. CONSTRUCTION 
 

1. Shipping, Handling, and Storage: 
 

All DGC shall be shipped, handled, and stored in strict accordance with the 
Manufacturer's recommendations. 

 
2. Failing CQA Material Control Tests: 

 
DGC that is rejected upon testing shall be removed from the project site and 
replaced at Contractor's cost.  Sampling and quality assurance testing of DGC 
supplied as replacement for rejected material shall be performed by the CQA 
Engineer at Contractor's cost. 

 
3. Installation: 

 
a. The DGC shall be placed only on Geomembrane that has been approved 

by the Geomembrane Installer and accepted by the CQA Engineer.  The 
Contractor shall remove debris, including sediment to the degree possible, 
from the Geomembrane prior to placement of the DGC. 

 
b. DGC shall be placed to the lines and grades shown on the Contract 

Drawings.  At the time of installation, the DGC shall be rejected, if it has 
defects, rips, holes, flaws, evidence of deterioration, or other damage.  
Isolated areas of up to 1 square yard where the geotextile has become 
delaminated from the geonet drainage core may be allowed by the CQA 
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Engineer as long as there appears to be a good bond between the 
geotextile and the geonet in surrounding areas.  Rolls where the geotextile 
appears to be easily delaminated from the geonet such as by foot or ATV 
traffic shall be rejected. 

 
c.  Orientation:  If the DGC transmits flow in a predominant direction 

(typically along the roll length), then the DGC shall be installed with the 
predominant flow direction laid approximately perpendicular to contour 
lines (i.e. in the direction of the slope) or as specified by the Engineer.  
Otherwise, DGC shall be installed with the machine direction (along the 
roll length) generally in the direction of flow or as specified by the 
Engineer. 

 
d.   The DGC shall be placed smooth and free of excessive wrinkles. 

 
e. The Contractor shall provide temporary anchorage of the DGC at the top 

of perimeter and interior berms during installation as necessary to prevent 
movement during construction.  Such anchorage may include sandbags 
and the like, as approved by the CQA Engineer.  Permanent bonding to the 
Geomembrane shall be prohibited. 

 
4.  Seams: 

 
a.  All seams constructed on slopes of 6H:1V or steeper or within 10 feet of 

the toe of a slope of 6H:1V or steeper shall be vertical seams, except 
where slope lengths exceed standard roll lengths and elsewhere as 
approved in advance by the Engineer.  Where allowed by the Engineer, 
end seams on slopes of 6H:1V or steeper shall be staggered a minimum of 
5 feet between adjacent rolls. 

 
b. Geonet Drainage Core:  The geonet drainage core shall be laid with a 3 

inch minimum overlap seam along roll edges and a 6 inch minimum 
overlap seam along roll ends and shall be secured using plastic ties.  Ties 
shall be placed every 5 feet along roll edges; every 12 inches along roll 
ends; and every 6 inches in the anchor trench. 

 
c.  Geotextile Component(s):  Where applicable, the bottom geotextile of the 

DGC shall be overlapped with the same of the adjacent rolls.  The top 
geotextile of the DGC shall be continuously sewn or heat bonded to the 
same of the adjacent rolls with methods approved by the Engineer. 

 
(1) Seams to be sewn shall be sewn using a Type 401 stitch.  One or 

two rows of stitching may be used.  Each row of stitching shall 
consist of 4 to 7 stitches per inch.  The minimum distance from the 
geotextile edge to the stitch line nearest to that edge (seam 
allowance) shall be 1.5 inches if a Type SSa (prayer or flat) seam 
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is used.  The minimum seam allowance for all other seam types 
shall be 1.0 inches.  

 
(2)  Seams to be heat bonded shall be bonded using hot plate, hot knife, 

ultrasonic, or other approved devices. 
 

5.  Repairs: 
 

Any DGC that is torn, crushed, punctured, or otherwise damaged shall be repaired 
or replaced, as directed by the CQA Engineer, by the Contractor at no additional 
cost to the Owner.  The repair shall consist of a patch of the same type of 
material, placed over the damaged area and shall overlap the existing material a 
minimum of 12 inches from any point of the damage.  The patch shall be 
connected to the geonet drainage core of the damaged material using plastic cable 
ties at a 6 inch spacing and the upper geotextile of the patch shall be spot sewn or 
heat bonded to the upper geotextile of the damaged material.  A geotextile patch, 
spot sewn or heat bonded to the damaged material, may be used where damage is 
to only that portion of the DGC. 

 
6. Cover Placement: 

 
a.  DGC shall be covered in a timely manner to limit potential UV damage.  

Unless otherwise approved by the Engineer, covering shall occur within 
30 days of installation.  Extension of this time may be considered by the 
Engineer based on weather conditions (i.e. prolonged cloud cover during 
30 day period) or technical information provided by the Manufacturer that 
would justify an extension.  

 
(1)  The Engineer may conduct sampling and testing of any DGC 

exposed for a period longer than allowed to verify the material 
properties.  The cost associated with this testing and the 
subsequent repair(s) shall be bourne solely by the Contractor 
regardless of the test results.  In no case will the maximum length 
of exposure be greater than 60 days without verification of 
material properties. 

 
b.  Placement of materials over DGC shall be performed in a manner as to 

ensure that DGC and the underlying geosynthetics are not damaged; 
minimal slippage of DGC on the underlying geosynthetics occurs; no 
excess tensile stresses occur in the DGC; and that no portion of the DGC 
develops excessive wrinkles or crimp.  Wrinkles that exceed 
approximately 6 inches in height and cannot be eliminated by amended 
placement and covering methods or DGC that becomes crimped shall be 
cut and repaired by the Geosynthetics Installer in a method approved by 
the Enginee 

 



  
Davidson County MSW Landfill Specifications 
May 2012 DRAINAGE GEOCOMPOSITE  Page 02712-7 

TABLE 1: REQUIRED DRAINAGE GEOCOMPOSITE PROPERTIES 
 

 
PROPERTY 

 

 
TEST METHOD 

 
UNITS VALUE 

 
Geonet: 
 
Thickness 

 
ASTM D 5199 inches 0.25 

(See Note 1) 
 
Density 

 
ASTM D 1505 g/cm3 0.94 

 
Carbon Black Content 

 
ASTM D 1603/D 4218 % 2-3 

 
Geotextile: 
 
Mass per Unit Area (Unit Wt.)  

 
ASTM D 5261 oz/yd2 6 

 
Tensile Properties: 

 
ASTM D 4632 

 
 

 
 

Grab Strength lbs 160 
 

Grab Elongation % > 50 
 
Puncture Resistance 

 
ASTM D 4833 lbs 55 

 
Apparent Opening Size (AOS) 

 
ASTM D 4751 U.S. 

Sieve 
70+ 

 
Permittivity 

 
ASTM D 4491 sec-1 1.0 

 
Ultraviolet Resistance (500 hrs) 

 
ASTM D 4355 % 70 

 
Geocomposite: 
 
Ply Adhesion 

 
ASTM D 413/ 

GRI GC7 
lb/inch 2.0 Typ. 

1.0 Min. Avg. 
 
Transmissivity: 

(Base Liner) 
 

(Final Cover) 

 
 

ASTM D 4716 
 

m3/m/sec 
 

5.0 x 10-4 

(See Note 2) 
1.0 x 10-3 

(See Note 2) 
 
Interface Shear Strength 
(Peak)3 

(Base Liner) 
 
 
 
 

(Final Cover) 

 
ASTM D 5321 

 
 

psf  
 

100 psf (Load = 200 psf) 
750 psf (2,000 psf) 

1,500 psf (4,000 psf) 
3,000 psf (8,000 psf) 

 
100 psf (Load = 200 psf)  
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Notes: 
 

1.  A thicker geonet may be required depending on transmissivity requirements. 
  

2. Base Liner: 
Conduct test for transmissivity at a normal compressive load of 7,000 psf and at a 
hydraulic gradient of 0.33 after a seating period of at least 100 hours.  Boundary 
conditions are soil (sand) interface on the upper geotextile and textured HDPE 
geomembrane against the lower geotextile. 

 
Final Cover: 
Conduct test for transmissivity at a normal compressive load of 1,000 psf and at a 
hydraulic gradient of 0.33 after a seating period of at least 24 hours.  Boundary 
conditions are soil (sand) interface on the upper geotextile and textured LLDPE 
geomembrane against the lower geotextile. 

 
3.  DGC shall have adequate adhesion against adjacent materials under low normal 

loads to achieve the successful installation of overlying components without 
slippage. 
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TABLE 2: REQUIRED MANUFACTURER QUALITY CONTROL TESTS 
 

 
PROPERTY 

 
 

TEST METHOD 
 

MINIMUM TEST 
FREQUENCY 

 
 
Geonet: 
 
Thickness ASTM D 5199 50,000 ft2 
 
Density ASTM D 1505 50,000 ft2 
 
Carbon Black Content ASTM D 1603/D 4218 50,000 ft2 
 
Geotextile: 
 
Mass Per Unit Area ASTM D 5261 200,000 ft2 
 
Tensile Properties ASTM D 4632 200,000 ft2 
 
Puncture Resistance ASTM D 4833 200,000 ft2 
 
Apparent Opening Size (AOS) ASTM D 4751 600,000 ft2 
 
Permittivity ASTM D 4491 600,000 ft2 
 
UV Resistance ASTM D 4355 600,000 ft2 
 
Geocomposite: 
 
Ply Adhesion ASTM D 413/ 

GRI GC7 
100,000 ft2 

 
Transmissivity1 ASTM D 4716 100,000 ft2 

(See Note 2) 
 

 
Notes: 

    
1. Conduct transmissivity tests in accordance with the criteria given in Table 1. 
2.  The required Manufacturer’s quality control testing for transmissivity may be 

reduced to one test per resin lot or one test per 500,000 ft2 (whichever provides 
the larger number of tests) if the minimum measured transmissivity is at least 
50% greater than specified. 
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TABLE 3: REQUIRED CONTRACTOR QUALITY CONTROL TESTS 
 

 
PROPERTY 

 
TEST METHOD 

 
MINIMUM TEST 

FREQUENCY 
 

 
Interface Shear Strength ASTM D 5321 

 
(See Note 1) 

 
 

Notes: 
 

1.  Test each interface to be used on this project using representative samples of 
materials to be supplied under normal loads indicated and using test parameters as 
specified by the Engineer.  For this project, interfaces to be tested are: 

 
Base Liner*: 

 
A.  Geosynthetic Clay Liner against Soil Liner; 
B.  Textured HDPE-GM (60 mil) against Geosynthetic Clay Liner; 
C.  Type GT-C Geotextile against textured HDPE-GM (60 mil); 
D.  Drainage Geocomposite against textured HDPE-GM (60 mil); and 
E.  Protective Cover Soil against Type GT-S Geotextile. 
 *Add or delete interfaces depending on selected options. 

 
Final Cover: 

 
A.  Textured LLDPE-GM (30 mil) against existing cover soils (intermediate 

cover); 
B.  Drainage Geocomposite against textured LLDPE-GM (30 mil); and 
C.  Vegetative Soil Layer against Drainage Geocomposite. 

 
If there are material differences in the surface of any of the geosynthetic materials 
from one side to the other, then all possible combinations of interfaces shall be 
tested.  This testing shall be performed at Contractor cost by an independent GAI 
accredited laboratory and submitted to the Engineer for review prior to shipping.  
Upon review of test results, the Engineer may allow exceptions to the above 
criteria. 

 
For tests involving textured geomembranes, the laboratory shall also report the 
asperity height (GRI GM12) for the material samples used in the actual direct 
shear tests. 

 
 

END OF SECTION 
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SECTION 02720 
 

STORM WATER SYSTEMS 

 
A.  DESCRIPTION   
 

1. General: 
 

The contractor shall furnish all labor, material, and equipment to complete 
installation of Storm Water Systems in accordance with the Contract Drawings 
and these Specifications. 

 
2. Related Work: 

 
Related Contract Work is described in the following sections of the 
Specifications: 

 
Work     Section 

Excavation      02222 
Embankment      02223 
Erosion and Sedimentation Control   02270 
Rip Rap      02271 
Precast Concrete Structures    02608 
HDPE Pipe      02614 

 
3. Reference Standards: 

 
The latest revision of the following standards of the American Society of Testing 
and Materials (ASTM), the American Association of State Highway and 
Transportation Officials (AASHTO), and the North Carolina Department of 
Transportation (NCDOT) are hereby made a part of these specifications. 

 
ASTM C 76  Standard Specification for Reinforced Concrete Culvert, 

Storm Drain, and Sewer Pipe. 
 

ASTM C 150  Standard Specification for Portland Cement. 
 
ASTM D 1248 Standard Specification for Polyethylene Plastics Molding 

and Extrusion Materials For Wire and Cable. 
 

Storm Water Systems:  Storm Water Systems shall include all piping, pipe fittings, headwalls, 
flared end sections, drop inlets, manholes, and other appurtenances designated to convey 
stormwater. 
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ASTM D 2321 Standard Practice for Underground Installation of 
Thermoplastic Pipe for Sewers and Other Gravity-Flow 
Applications. 

 
ASTM D 3350 Standard Specification for Polyethylene Plastics Pipe and 

Fittings Materials. 
 

AASHTO M 36 Specification for Corrugated Steel Pipe. 
 

AASHTO M 252 Specification for Corrugated Polyethylene Drainage 
Tubing, 3 to 10 Inch Diameter. 

 
AASHTO M 294 Specification for Corrugated Polyethylene Pipe, 12 to 36 

Inch Diameter. 
 

NCDOT  Standard Specifications for Roads and Structures and 
Roadway Standard Drawings. 

 
B. MATERIALS 
 

1.  Reinforced Concrete Pipe (RCP): 
 

a. All reinforced concrete pipe shall be manufactured in accordance with 
ASTM C 76, Wall Type B or C, and shall be of the class that equals or 
exceeds the pipe class as shown on the Contract Drawings.  All pipe shall 
be aged at the manufacturing plant for at least fourteen (14) days before 
delivery to the job site. 

 
b. Minimum pipe laying lengths shall be four (4) feet. 

 
c. Joints for reinforced concrete pipe shall have tongue and groove or bell 

and spigot ends with leak-resistant mastic joint sealant.  Joint sealant shall 
be ConSeal type, or approved equal. 

 
2.  Corrugated Metal Pipe (CMP): 

 
a. Corrugated metal pipe and fittings shall be of the sizes shown or specified 

and shall conform to every aspect of AASHTO M 36. 
 

b. Corrugated metal pipe shall be fabricated from galvanized steel sheets.  
Corrugation profile shall be 2 3/4 inch crest to crest and ½ inch crest to 
valley, and sheet thickness shall be 16 gage/.064 inch minimum. 

 
c. Pipe sections shall be helically corrugated with each pipe end rerolled to 

obtain no less than two (2) annular corrugations. 
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d. Coupling Bands:  CMP shall be firmly joined by coupling bands in 
accordance with the manufacturer’s recommendations.  These bands shall 
be not more than two nominal sheet thicknesses lighter than the thickness 
of the pipe to be connected and in no case lighter than 0.052 inches. 

 
e. All CMP utilized for permanent installation shall have gasketed joints. 

 
f. Asphaltic or bituminous coatings shall be applied in conformance with the 

manufacturer’s requirements, as applicable. 
 

3.  Corrugated Polyethylene (CPE) Pipe: 
 

CPE pipe and fittings shall be of the sizes and type shown on the Contract 
Drawings and shall conform to every aspect of AASHTO M 252 (3 to 10 inch 
diameters) or AASHTO M 294 (12 to 36 inch diameters).  All Type S CPE pipe 
shall have watertight joints. 

 
4.  Flared End Sections: 

 
Flared end sections shall be reinforced and shall be fabricated from the same 
materials meeting the same requirements as the pipe to which they are connected. 
 All reinforced concrete and corrugated metal flared end sections shall meet the 
requirements of the NCDOT.  Corrugated polyethylene flared end sections shall 
be as recommended by the pipe manufacturer. 

 
5.  Headwalls: 

 
Headwalls shall be as described in the Contract Drawings. 

 
6.  Precast Concrete Structures: 

 
Precast Concrete Structures shall be constructed as shown in the Contract 
Drawings and in accordance with Section 02608, Precast Concrete Structures, of 
these Specifications. 

 
C. SUBMITTALS 
 

The Contractor shall submit the following to the CQA Engineer: 
 

1. Submit a certification and summary of all required test results, prior to 
installation, that all Storm Water Systems have been produced in accordance with 
these Specifications.  

 
2. Furnish copies of the delivery tickets or other approved receipts as evidence for 

materials received that will be incorporated into construction. 
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D. CONSTRUCTION 
 

1. All piping shall be installed by skilled workmen and in accordance with the best 
standards for piping installation.  Proper tools and appliances for the safe and 
convenient handling and installation of the pipe and fittings shall be used. 

 
2. All pieces shall be carefully examined for defects, and no piece shall be installed 

which is known to be defective.  If any defective piece should be discovered after 
having been installed, it shall be removed and replaced at the Contractor's 
expense. 

 
3. Excavation and backfilling of pipe trenches shall be as described in Section 

02222, Excavation and Section 02223, Embankment, respectively, of these 
Specifications. 

 
4. Following proper preparation of the trench subgrade, pipe and fittings shall be 

carefully lowered into the trench so as to prevent dirt and other foreign substances 
from gaining entrance into the pipe and fittings.  Proper facilities shall be 
provided for lowering sections of pipe into trenches.  No materials shall be 
dropped or dumped into the trench. 

 
5. Water shall be kept out of the trench until jointing and backfilling are completed.  

When work is not in progress, open ends of pipe, fittings, and valves shall be 
securely closed so that no water, earth, or other substance will enter the pipes, 
fittings, or valves.  Pipe ends left for future connections shall be valved, plugged, 
or capped, and anchored as required. 

 
6. All piping shall be erected to accurate lines and grades with no abrupt changes in 

line or grade. 
 

7. The full length of each section of pipe shall rest solidly upon the bed of the 
trench, with recesses excavated to accommodate bells, couplings, joints, and 
fittings.  Before joints are made, each pipe shall be well bedded on a solid 
foundation.  No pipe shall be brought into position until the preceding length has 
been thoroughly bedded and secured in place.  Pipe that has the grade or joint 
disturbed after laying shall be taken up and relaid by the Contractor at his own 
expense. 

 
8. The laying of reinforced concrete pipe shall conform to the current 

recommendations of the American Concrete Pipe Association for Installation 
Type 1 or 2. 

 
 

END OF SECTION 
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SECTION 02775 
 

HDPE GEOMEMBRANE 

 
A. DESCRIPTION 
 

1. General: 
 

The Contractor shall furnish all labor, material, and equipment to complete 
installation of HDPE-GM including all necessary and incidental items as detailed 
or required to complete the installation in accordance with the Contract Drawings 
and these Specifications. 

 
2. Related Work: 

 
Related Contract Work is described in the following sections of the 
Specifications: 

 
Work     Section 

Excavation      02222 
Embankment      02223 
Geotextiles      02240 
Soil Liner      02250 
Protective Cover     02256 
Drainage Aggregate (Leachate Management) 02710 
Drainage Geocomposite    02712 
Geosynthetic Clay Liner    02776 
CQA Manual     Attached 

 
3. Reference Standards: 

 
The latest revision of the following standards of the American Society of Testing 
and Materials (ASTM) and the Geosynthetic Research Institute (GRI) are hereby 
made a part of these Specifications. 

 
ASTM D 792  Standard Test Method for Density and Specific Gravity 

(Relative Density) of Plastics by Displacement. 
 
ASTM D 1004 Standard Test Method for Initial Tear Resistance of Plastic 

Film and Sheeting. 
 

HDPE Geomembrane (HDPE-GM):  The HDPE Geomembrane serves as the primary 
hydraulic containment barrier for the leachate to be developed in the landfill.  Thus, it is of 
great importance that the HDPE-GM be free from defects and installed free from damage. 
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ASTM D 1505 Standard Test Method for Density of Plastics by the 
Density-Gradient Technique. 

 
ASTM D 1603 Standard Test Method for Carbon Black in Olefin Plastics. 

 
ASTM D 5199 Standard Test Method for Measuring Nominal Thickness of 

Geotextiles and Geomembranes. 
 

ASTM D 5321  Standard Test Method for Determining the Coefficient of 
Soil and Geosynthetic or Geosynthetic and Geosynthetic 
Friction by the Direct Shear Method. 

 
ASTM D 5397 Standard Test Method for Evaluation of Stress Crack 

Resistance of Polyolefin Geomembranes Using Notched 
Constant Tensile Load Test. 

 
ASTM D 5596 Standard Test Method for Microscopic Evaluation of the 

Dispersion of Carbon Black in Polyolefin Geosynthetics. 
 

ASTM D 5820  Standard Practice for Pressurized Air Channel Evaluation 
of Dual Seamed Geomembranes. 

 
ASTM D 5994 Standard Test Method for Measuring Core Thickness of 

Textured Geomembrane. 
 

ASTM D 6243 Standard Test Method for Determining the Internal and 
Interface Shear Resistance of Geosynthetic Clay Liner by 
the Direct Shear Method. 

 
ASTM D 6392 Standard Test Method for Determining the Integrity of 

Nonreinforced Geomembrane Seams Produced Using 
Thermo-Fusion Methods. 

 
ASTM D 6693 Standard Test Method for Determining Tensile Properties 

of Nonreinforced Flexible Polyethylene and Nonreinforced 
Polypropylene Geomembranes. 

 
GRI GM9  Cold Weather Seaming of Geomembranes. 

 
GRI GM12   Asperity Measurement of Textured Geomembranes Using a 

Depth Gage. 
 
 
 
 

 



  
Davidson County MSW Landfill  Specifications 
May 2012 HDPE GEOMEMBRANE  Page 02775-3 

GRI GM13   Standard Specification for Test Properties, Testing 
Frequency and Recommended Warranty for High Density 
Polyethylene (HDPE) Smooth and Textured 
Geomembranes. 

 
GRI GM19   Seam Strength and Related Properties of Thermally 

Bonded Polyolefin Geomembranes. 
 

4. Quality Control: 
 

a.  The Contractor shall perform Quality Control tests in accordance with 
Table 2 of this section. 

 
b.  The Geomembrane Installer shall follow the procedures and requirements 

described in the accompanying Project CQA Manual during installation of 
HDPE-GM including performing and documenting trial seams, 
nondestructive and destructive Quality Control tests, and repairs. 

 
5. Quality Assurance: 

 
Quality Assurance during installation of HDPE-GM will be provided by the 
Owner as described in the accompanying Project CQA Manual. 

 
6. Manufacturers Qualifications: 

 
The Manufacturer shall have previously demonstrated his ability to produce the 
required HDPE-GM by having successfully manufactured a minimum of 
10,000,000 ft2 of HDPE-GM for hydraulic containment purposes. 

 
7. Installer Qualifications: 

 
a. Installation of the HDPE-GM shall be performed by an Installer that has 

installed a minimum of 5,000,000 ft2 of the material within the past five 
(5) years in similar landfill installations. 

 
b. All Installation Supervisors assigned to the Project shall have previously 

managed the installation of at least 2,000,000 ft2 of HDPE-GM using the 
same techniques to be used on site. 

 
c. All seaming equipment operators shall have demonstrated performance on 

previous geomembrane installations and/or documented training. 
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8. Warranties: 
 

a. General:  Should a defect occur, which is covered under warranty, the 
Warrantor shall bear all costs for repair and/or relocation and replacement 
of the HDPE-GM. 

 
b. Workmanship:  The Contractor shall furnish the Owner a warranty from 

the Installer of the HDPE-GM which warrants their workmanship to be 
free of defects on a prorata basis for two (2) years after the final 
acceptance of the Work.  This warranty shall include but not be limited to 
all field seams, anchor trenches, attachments to appurtenances, and 
penetration seals, as applicable. 

 
c. Manufacturer's Warranty:  The Contractor shall furnish the Owner a 

warranty from the HDPE-GM Manufacturer for the materials used.  The 
material warranty shall be for defects or failures related to manufacture on 
a prorata basis for two (2) years after the date of shipment. 

 
B. MATERIALS 
 

1. General: 
 

The materials supplied under these Specifications shall consist of new, first-
quality products designed and manufactured specifically for the purpose of this 
work, which shall have been satisfactorily demonstrated, by prior use, to be 
suitable and durable for such purposes.  The HDPE-GM and HDPE-GM 
Manufacturer shall be approved by the Engineer. 

 
The HDPE-GM shall be supplied in rolls which shall have a minimum width of 
22 feet.  The roll length shall be maximized to provide the largest manageable 
sheet for the fewest seams.  However, no factory seaming of HDPE-GM panels 
shall be accepted.  Labels on the roll shall identify the thickness, length, width, lot 
and roll numbers, and name of Manufacturer.   

 
2. HDPE-GM Materials: 

 
Textured HDPE-GM shall be 60 mils thick.  Resin and sheet properties of HDPE-
GM shall meet or exceed the requirements of GRI GM13 and Table 1 of this 
section. 

 
3. Extrusion Resin/Typical Extrudate: 

 
Extrusion resin/typical extrudate used for extrusion seaming of HDPE-GM shall 
be high density polyethylene (HDPE).  Physical properties shall be the same as 
the HDPE-GM sheet.  The extrudate's additives shall be thoroughly dispersed 
throughout the rod or bead.  The extrudate shall be free of contamination by 
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moisture or foreign matter and shall be recommended for use with the associated 
sheet material. 

 
4.  Texturing: 

 
Textured HDPE-GM, where required, shall be fabricated using coextrusion or 
structuring methods.  All texturing shall be uniform in appearance and coverage 
on the finished sheet.  Textured HDPE-GM shall be textured on both sides of the 
sheet. 

 
C. SUBMITTALS 
 

The Contractor shall submit the following to the CQA Engineer: 
 

1. Pre-Installation Requirements: 
 

Prior to HDPE-GM installation, the Contractor shall submit the following: 
 

a. Mill Certificate and Sample:  Prior to shipping to the site, the Contractor 
shall submit a mill certificate or affidavit signed by a legally authorized 
official of the Manufacturer for the HDPE-GM attesting that the HDPE-
GM meets the physical and manufacturing requirements stated in these 
Specifications.  The Contractor shall also submit a sample of the HDPE-
GM to be used.  The sample shall be labeled with the product name and be 
accompanied by the Manufacturer's specifications. 

 
b. Qualifications: 

 
(1) Submit list of equipment and personnel proposed for the Project.  

Include equipment type and quantities.  Include personnel 
experience on similar projects. 

 
(2) Submit resume and references of Installation Supervisor to be 

assigned to the Project, including data and duration of employment 
and pertinent experience information. 

 
(3) Submit resumes and references of installation personnel who will 

perform seaming operations, including dates and durations of 
employment and pertinent experience information. 

 
c. Shipping, Handling, and Storage Instructions:  The Manufacturer's plan 

for shipping, handling, and storage shall be submitted for review. 
 
d. Delivery Date:  Submit notification of the scheduled delivery dates for the 

materials. 
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e. Installation Procedures and Drawings: 
 

Submit installation procedures and (shop) drawings for carrying out the 
work. 

 
(1) Installation procedures to be addressed shall include but not be 

limited to material installation, repair, and protection to be 
provided in the event of rain or strong winds. 

 
(2) Shop drawings shall have HDPE-GM sheet layout with proposed 

size, number, position, and sequence of placing all panels, and 
indicating the location of all field seams.  Shop drawings shall also 
show complete details and/or methods for anchoring the HDPE-
GM, making field seams, and making seals around pipes and 
structures penetrating the HDPE-GM (if applicable). 

 
Following review, these procedures and drawings shall be used for 
installation of the HDPE-GM.  Any deviations from these procedures and 
drawings must be approved by the Engineer and CQA Engineer. 

 
f. Quality Control Certificates:  For HDPE-GM delivered to the site, quality 

control certificates, signed by the Manufacturer's quality assurance 
manager shall be provided which represent every roll of HDPE-GM.  Each 
certificate shall have the roll identification number(s), test methods, 
frequency, and test results.  At a minimum, the test results and frequency 
of testing shall meet or exceed the requirements of GRI GM13. 

 
g. Contractor Quality Control Test Results:  The Contractor shall provide the 

results of required testing. 
 

h.  Furnish copies of the delivery tickets or other approved receipts as 
evidence for materials received that will be incorporated into the 
construction. 

 
i.  A proposed procedure for hydrostatically testing the primary sump areas. 

 
2. Post-Installation Requirements: 

 
Upon completion of the HDPE-GM installation, the Contractor shall submit the 
following: 
 
a. Certificate stating that the HDPE-GM has been installed in accordance 

with the Drawings, Specifications, and the Manufacturer's 
recommendations. 

 
b. Completed Manufacturer's and workmanship warranties. 
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c. Record Information:  Record information shall include but not be limited 
to:   

 
(1)  CQC Documentation:  Includes trial seam logs, panel placement 

logs, panel seaming logs, non-destructive seam testing report 
forms, field destructive seam testing report forms, and repair logs. 

 
(2)  As-Built Drawing:  Includes the requirements listed in Paragraph 

D.8 (Surveying) of this Specification. 
 

Finalization of payment for HDPE-GM installation shall not be made until the above 
submittals have been reviewed by the CQA Engineer. 

 
D. CONSTRUCTION 
 

1.  Shipping, Handling, and Storage: 
 

The HDPE-GM shall be shipped, handled, and stored in strict accordance with the 
Manufacturer's recommendations. 

 
2.  Failing CQA Material Control Tests:  

 
HDPE-GM that is rejected upon testing shall be removed from the project site and 
replaced at Contractor's cost.  Sampling and CQA testing of HDPE-GM supplied 
as replacement for rejected material shall be performed by the CQA Engineer at 
Contractor's cost. 

 
3.  Subgrade Preparation: 

 
a. The surface of the subgrade (surface of GCL) shall be smooth, uniform, 

free from sudden changes in grade (such as vehicular ruts), rocks or stones 
greater than ½ inch in size, debris, and deleterious materials.  During 
actual placing and seaming of the HDPE-GM, the subgrade shall be kept 
free of all standing water.  If the subgrade below the HDPE-GM becomes 
excessively wet and unstable as determined by the CQA Engineer, it shall 
be dried and recompacted, and replaced if needed.  Likewise, GCL which 
becomes hydrated shall be removed and replaced at Contractor expense. 

 
b. Before an individual panel of HDPE-GM is installed; the Contractor and 

Installer shall verify in writing and submit to the CQA Engineer: 
 

(1) Lines and grades are in conformance with the Contract Drawings 
and Specifications. 

 
(2) The surface area to be lined has been rolled and compacted, free of 

irregularities and abrupt changes in grade. 
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c. The Contractor shall not proceed with HDPE-GM installation until a 
complete report on all Soil Liner and GCL CQA testing has been 
submitted and approved by the CQA Engineer.  If the Contractor proceeds 
with HDPE-GM installation prior to completion of these tests, the 
Contractor will do so at his own risk.  If any tests fail, the Contractor shall 
be required to remove HDPE-GM and reconstruct the underlying 
components to specification requirements.  All costs associated with such 
actions (including the costs of additional testing) shall be paid for entirely 
by the Contractor. 

 
4. HDPE-GM Placement: 

 
a. Weather Conditions: 

 
HDPE-GM placement shall not proceed at an ambient temperature below 
32 F or above 100 F unless otherwise authorized, in writing, by the 
Engineer.  Installation of HDPE-GM at temperatures below 32 F, if 
authorized by the Engineer, shall follow GRI GM9.  HDPE-GM 
placement shall not be performed during precipitation, excessive moisture, 
in an area of ponded water, or in excessive winds.  Any portion of HDPE-
GM or subgrade damaged due to weather conditions shall be repaired at 
the Contractor's cost. 

 
b. Method of Placement: 

 
(1) Each panel of the HDPE-GM shall be installed in accordance with 

the approved shop drawings prepared by the Contractor.  The 
layout shall be designed to keep field seaming of the HDPE-GM to 
a minimum, shall avoid seams parallel to and under leachate 
collection piping, and shall be consistent with proper methods of 
HDPE-GM installation. 

 
(2) Panels shall be oriented perpendicular to the line of the slope crest 

(i.e., down and not across slope). 
 
(3)  The HDPE-GM shall be placed smooth and free of excessive 

wrinkles. 
 

(4) HDPE-GM rolls shall be placed using proper spreader and rolling 
bars with cloth slings.  If a sheet must be displaced a distance 
greater than its width, a slip sheet shall be used. 

 
(5) The CQA Engineer shall inspect each panel, after placement and 

prior to seaming, for damage and/or defects.  Defective or 
damaged panels shall be replaced or repaired, as approved by the 
CQA Engineer and as described in this section. 
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(6) The Installer shall avoid dragging the HDPE-GM on rough soil 
subgrades. 

 
(7) All HDPE-GM shall be anchored as shown on the Contract 

Drawings and consistent with Manufacturer's recommendations. 
 

(8) Personnel working on the HDPE-GM shall not smoke, wear 
damaging shoes, or involve themselves in any activity that may 
damage the HDPE-GM, in the opinion of the CQA Engineer. 

 
(9) The HDPE-GM shall be properly weighted to avoid uplift due to 

wind. 
 

(10) Vehicular traffic across the HDPE-GM shall not be allowed, 
except that four-wheel (or greater) all-terrain vehicles (ATVs) with 
low ground pressure may be allowed if approved in advance by the 
Engineer.  The Contractor shall submit proposed equipment and 
procedures for use of ATVs to the CQA Engineer as part of his 
submittals.  If ATVs are allowed by the Engineer, each ATV shall 
be operated such that no sudden stops, starts, or turns are made. 

 
(11) All damage shall be recorded and located on the record drawings. 

 
(12) When tying into existing HDPE-GM, excavation of previously 

installed geosynthetics shall be performed in a manner that 
minimizes damage to the existing geosynthetics and as approved 
by the Engineer.  All damage to the existing geosynthetics shall be 
repaired by the Geosynthetics Installer at the Contractor’s sole 
expense. 

 
(13) The HDPE-GM shall be kept free of debris, unnecessary tools, and 

materials.  In general, the HDPE-GM area shall remain neat in 
appearance. 

 
c. Pipe Penetrations: 

 
All pipe penetrations through the HDPE-GM shall be as shown in the 
Contract Drawings.  Alternative penetration details may be approved by 
the Engineer and CQA Engineer. 

 
5. Field Seams: 

 
a. Individual panels of HDPE-GM shall be laid out and overlapped by a 

minimum of 4 inches prior to seaming.  The area to be seamed shall be 
cleaned and prepared in accordance with the Manufacturer's 
recommendations. 
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b. Dual or single track hot wedge methods shall be used for straight seams. 
 

c. Extrusion fillet methods shall be used to seam cross seam tees, patches, 
repairs, and penetration boots.  All extrudate shall be free of dirt, dry, and 
protected from damage.  To limit overgrinding, the amount of grinding 
exposed after an extrusion seam is completed shall be less than ¼ inch. 

 
d. The seaming equipment used shall be capable of continuously monitoring 

and controlling the temperatures in the zone of contact where the machine 
is actually fusing the HDPE-GM so as to ensure that changes in 
environmental conditions will not affect the integrity of the seam. 

 
e. All seams shall have a seam number that corresponds with the panel 

layout numbers.  The numbering system shall be used in the development 
of the record drawings.  Seam numbers shall be derived from the 
combination of the two panel numbers that are to be seamed together. 

 
f. Where horizontal seams are required on sloped surfaces, the panels shall 

be placed such that the "upstream" panel forms the upper panel and 
overlaps the "downstream" panel in order to minimize infiltration 
potential.  All seams constructed on slopes of 6H:1V or steeper shall be 
vertical seams, except where slope lengths exceed standard roll lengths 
and elsewhere as approved in advance by the Engineer.  Where approved, 
end seams on slopes of 6H:1V or steeper shall be staggered a minimum of 
5 feet and shall be made at an angle of approximately 45 degrees. 

 
g. All panels placed on slopes of 6H:1V or steeper shall extend a minimum 

of 5 feet beyond the grade break with a slope flatter than 6H:1V. 
 

h. All seams shall extend to the full extent of the anchor trench. 
 
i. Unless otherwise approved by the Engineer, all “T” seams (i.e., the result 

of three panels placed together) shall be staggered a minimum of 3 feet 
along either seam and shall be covered with a patch. 

 
j.  No junctions of four or more panels shall be allowed unless approved by 

the Engineer.  
 

k. If extrusion seaming equipment is stopped for longer than one minute, it 
shall be purged to remove heat-degraded extrudate.  All purged extrudate 
shall be placed on a sacrificial sheet and disposed of. 

 
l. To prevent moisture buildup during seaming, it may be necessary to place 

a movable protective layer of plastic directly below each overlap of 
HDPE-GM that is to be seamed. 
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m. If required, a firm substrate shall be provided by using a flat board or 
similar hard surface directly under the seam overlap to achieve proper 
support. 

 
n.  Excessive wrinkles along geomembrane seams shall be minimized.  Fish-

mouths or large wrinkles shall be cut along the ridge of the wrinkle to 
allow a flat overlap, which shall be re-seamed.  All cuts shall be repaired 
with a patch. 

 
o. All seams (including repairs) shall meet or exceed the requirements of 

GRI GM19 and Table 3 of this section. 
 

p. No overlying material (i.e., leachate collection layer) shall be placed over 
the HDPE-GM until approved by the CQA Engineer. 

 
6. Anchor Trench: 

 
a. The anchor trench shall be constructed as shown on the Contract 

Drawings and as specified herein.  The anchor trench shall be maintained 
by the Contractor. 

 
b. Slightly rounded corners shall be provided in the trench to avoid sharp 

bends in the HDPE-GM. 
 

c. The anchor trench shall be adequately drained to prevent water ponding 
and softening to adjacent soils.  The anchor trench shall be backfilled with 
Soil Liner material and compacted to 90% standard Proctor dry density 
(ASTM D 698). 

 
d. If the anchor trench is located in a clay susceptible to desiccation, the 

amount of trench open at any time shall be limited to one day of HDPE-
GM installation capacity. 

 
e.  Edge of Liner Markers:  The Contractor shall place edge of liner markers 

where shown on the Contract Drawings at the edge of the anchor trench.  
These markers shall be considered incidental to the HDPE-GM 
installation. 

 
7. Repair Procedures: 

 
a.  Any portion of the HDPE-GM exhibiting signs of defect or failing a 

nondestructive or a destructive test, shall be repaired by the Geomembrane 
Installer.  Several procedures exist for the repair of these areas.  The final 
decision as to the appropriate repair procedure shall be made by the CQA 
Engineer.  The procedures available include: 
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(1)  Patching - Apply a new piece of HDPE-GM sheet over, and at 
least 6-inches beyond the limits of a defect.  The patch shall be 
extrusion seamed to the underlying HDPE-GM.  This method 
should be used to repair holes, tears, destructive test locations, 
undispersed raw materials, contamination by foreign matter, dents, 
pinholes, and pressure test holes. 

 
(2)  Capping - Apply a new strip of HDPE-GM along the length of a 

delineated faulty seam.  The cap strip shall extend at least 6-inches 
beyond the limit of the seam and the edges shall be extrusion 
seamed to the underlying HDPE-GM.  This method should be used 
to repair lengths of extrusion or hot wedge seams. 

 
(3)  Replacement - The faulty seam is removed and replaced. 

 
b.  In addition, the following provisions shall be satisfied: 

 
(1)  Surfaces of the HDPE-GM which are to be repaired shall be 

abraded no more than one hour prior to the repair; 
 

(2)  All surfaces must be clean and dry at the time of the repair; 
 

(3)  All seaming equipment used in repairing procedures must be 
approved; 

 
(4)  The repair procedures, materials, and techniques shall be approved 

in advance of the specific repair by the CQA Engineer;  
 

(5)  Extrusion seaming of flaps of dual track hot wedge seams is not 
acceptable.  A patch or cap strip shall be used; and 

 
(6)  Patches or caps shall extend at least 6-inches beyond the edge of 

the defect, and all patch corners shall be rounded. 
 

8.  Surveying: 
 

a.  After completion of a segment of HDPE-GM, the Contractor shall survey 
HDPE-GM to obtain the following information: 

 
(1)  Location and numbering of all panels/seams. 

 
(2)  Location of all repairs/patches; 

 
(3)  Location of all destructive test locations; and 
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(4)  Location of all pipe penetrations and other appurtenances (if 
applicable). 

 
b.  No overlying materials shall be placed before survey information is 

obtained. 
 

c.  The Contractor shall provide the CQA Engineer with updated survey 
information when requested by the CQA Engineer to verify that the 
required information is being obtained. 

 
9. Cover Placement: 

 
Placement of materials over HDPE-GM shall be performed in a manner as to 
ensure that HDPE-GM and the underlying geosynthetics are not damaged; 
minimal slippage of HDPE-GM on the underlying geosynthetics occurs; no 
excess tensile stresses occur in the HDPE-GM; and that no portion of the HDPE-
GM develops excessive wrinkles or crimp.  Wrinkles that exceed approximately 6 
inches in height and cannot be eliminated by amended placement and covering 
methods or HDPE-GM that becomes crimped shall be cut and repaired by the 
Geosynthetics Installer in a method approved by the Engineer. 

 
 
 
TABLE 1: REQUIRED HDPE-GM PROPERTIES 
 

 
PROPERTY 

 
TEST METHOD UNITS VALUE 

TEXTURED 
HDPE-GM 

 
Interface Shear Strength 
(Peak)1, 2 

 
ASTM D 5321 

ASTM D 6243 (GCL) 
psf     100 psf (Load = 200 psf) 

750 psf (2,000 psf) 
1,500 psf (4,000 psf) 
3,000 psf (8,000 psf) 

 
Notes: 

 
1.   Textured HDPE-GM shall have adequate adhesion against adjacent materials 

under low normal loads to achieve the successful installation of overlying 
components without slippage. 

2.  Note that the required values for textured HDPE-GM may require an aggressively 
textured sheet. 
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TABLE 2: REQUIRED CONTRACTOR QUALITY CONTROL TESTS 
 

 
PROPERTY 

 
TEST METHOD MINIMUM TEST FREQUENCY 

 
 
Interface Shear Strength 

 
ASTM D 5321 

ASTM D 6243 (GCL) 
 

(See Note 1) 

 
Notes: 

 
1. Test each interface to be used on this project using representative samples of 

materials to be supplied under normal loads indicated and using test parameters as 
specified by the Engineer.  For this project, interfaces to be tested are: 

 
A.  Geosynthetic Clay Liner against Soil Liner; 
B.  Textured HDPE-GM (60 mil) against Geosynthetic Clay Liner; 
C.  Type GT-C Geotextile against textured HDPE-GM (60 mil); 
D.  Drainage Geocomposite against textured HDPE-GM (60 mil); and 
E.  Protective Cover Soil against Type GT-S Geotextile. 
 *Add or delete interfaces depending on selected options. 

 
If there are material differences in the surface of any of the geosynthetic materials 
from one side to the other, then all possible combinations of interfaces shall be 
tested.  This testing shall be performed at Contractor cost by an independent GAI 
accredited laboratory and submitted to the Engineer for review prior to shipping.  
Upon review of test results, the Engineer may allow exceptions to the above 
criteria.  

 
For tests involving textured geomembranes, the laboratory shall also report the 
asperity height (GRI GM12) for the material samples used in the actual direct 
shear tests. 
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TABLE 3: REQUIRED SEAM STRENGTH PROPERTIES 
 

 
PROPERTY TEST 

METHOD 
VALUE 

Hot Wedge 
Seams 

 
Extrusion Fillet 

Seams 
 
Shear Strength1 ASTM D 6392 120 lbs/inch 
 
Shear Elongation at Break2 50% 
 
Peel Strength1 91 lbs/inch 

 
78 lbs/inch 

 
Peel Separation (Incursion) < 25% 
 
Locus-of-Break See Note 3 

 

 
Notes: 

 
1.  Values listed for shear and peel strengths are for 4 out of 5 test specimens; the 5th 

specimen can be as low as 80% of the listed values. 
2.   Omit elongation measurements when performing field tests. 
3.  Regarding the locus-of-break patterns of the different seaming methods in shear 

and peel, the following are unacceptable break codes per their description in 
ASTM D 6392 (in this regard, SIP is an acceptable break code): 

 
Hot Wedge:  AD and AD-BRK with > 25% Separation 
Extrusion Fillet:  AD1, AD2, and AD-WLD (unless strength is achieved). 

 
 

END OF SECTION 
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SECTION 02776 
 

GEOSYNTHETIC CLAY LINER (GCL) 

 
A.  DESCRIPTION   
 

1. General: 
 

The Contractor shall furnish all labor, material, and equipment to complete 
installation of GCL in accordance with the Contract Drawings and these 
Specifications. 

 
2. Related Work: 

 
Related Contract Work is described in the following sections of the 
Specifications: 

 
Work     Section 

Soil Liner      02250 
HDPE Geomembrane     02775   
CQA Manual     Attached 

 
3. Reference Standards: 

 
The latest revision of the following standards of the American Society of Testing 
and Materials (ASTM) are hereby made a part of these specifications. 

 
ASTM D 5887 Standard Test Method for Measurement of Index Flux 

Through Saturated Geosynthetic Clay Liner Specimens 
Using a Flexible Wall Permeameter. 

 
ASTM D 5890 Standard Test Method for Swell Index of Clay Mineral 

Component of Geosynthetic Clay Liners. 
 

ASTM D 5891  Standard Test Method for Fluid Loss of Clay Component 
of Geosynthetic Clay Liners. 

 
ASTM D 5993 Standard Test Method for Measuring Mass per Unit of 

Geosynthetic Clay Liners. 
 

Geosynthetic Clay Liner (GCL):  The GCL is used as a secondary hydraulic barrier beneath 
the HDPE Geomembrane. 
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ASTM D 6243 Standard Test Method for Determining the Internal and 
Interface Shear Resistance of Geosynthetic Clay Liner by 
the Direct Shear Method. 

 
ASTM D 6496  Standard Test Method for Determining Average Bonding 

Peel Strength Between the Top and Bottom Layers of 
Needle-Punched Geosynthetic Clay Liners. 

 
ASTM D 6768  Standard Test Method for Tensile Strength of Geosynthetic 

Clay Liners. 
 

4.  Quality Control: 
 

The Contractor shall perform Quality Control tests in accordance with Table 3 of 
this section. 

 
5. Quality Assurance: 

 
Quality Assurance during installation of GCL will be provided by the Owner as 
described in the accompanying Project CQA Manual. 

 
6. Manufacturer Qualifications: 

 
The GCL shall be furnished by a Manufacturer that has previously produced a 
minimum of 10,000,000 square feet of the material for use in similar projects. 

 
7. Installer Qualifications: 

 
The GCL Installer shall have installed a minimum of 500,000 square feet of GCL 
in the past two (2) years in similar landfill installations. 

 
8. Warranties: 

 
a. General:  Should a defect occur, which is covered under warranty, the 

Warrantor shall bear all costs for repair and/or relocation and replacement 
of the GCL. 

 
b. Workmanship:  The Contractor shall furnish the Owner a warranty from 

the GCL Installer which warrants their workmanship to be free of defects 
on a prorata basis for two (2) years after the final acceptance of the Work. 
 This warranty shall include but not be limited to overlapped seams, 
anchor trenches, attachments to appurtenances, and penetration seals, as 
applicable. 

 
c. Manufacturer's Warranty:  The Contractor shall furnish the Owner a 

warranty from the GCL Manufacturer for the materials used.  The material 
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warranty shall be for defects or failures related to manufacture on a 
prorata basis for two (2) years after date of shipment. 

 
B. MATERIALS 
 

1. General: 
 

The GCL shall consist of bentonite encased, top and bottom, with 6 oz./square 
yard non-woven geotextiles needle-punched together for reinforcement.  GCL 
with a lighter non-woven geotextile on one side may be considered by the 
Engineer as long as all other criteria are met.  Needle-punched GCL shall be 
essentially free of broken needles and fragments of needles that would negatively 
effect the performance of the final product.  The materials supplied under these 
Specifications shall be first quality products designed and manufactured 
specifically for the purposes of this work. 

 
The GCL shall be supplied in rolls which have a minimum width of 14 feet.  The 
roll length shall be maximized to provide the largest manageable sheet for the 
fewest overlaps.  Labels on the roll shall identify the length, width, lot and roll 
numbers, name of Manufacturer, proper direction of unrolling, and minimum 
recommended overlap. 

 
2.  Needle Detection and Removal Procedures: 

 
The GCL Manufacturer shall use continuous needle detection and removal 
devices (e.g. metal detectors and magnets) in the manufacture of needle-punched 
GCL. 

 
3. Physical Properties: 

 
Physical properties of GCL shall be as shown in Table 1 of this section.  Granular 
sodium bentonite used for overlaps and repairs shall have the same properties as 
the bentonite used in the GCL. 

 
C. SUBMITTALS 
 

The Contractor shall submit the following to the CQA Engineer: 
 

1. Pre-Installation Requirements: 
 

Prior to GCL installation, the Contractor shall submit the following: 
 

a. Mill Certificate and Sample:  Prior to shipping to the site, the Contractor 
shall submit a mill certificate or affidavit signed by a legally authorized 
official of the Manufacturer for the GCL attesting that the GCL meets the 
physical and manufacturing requirements stated in these Specifications 
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including needle detection and removal procedures.  The Contractor shall 
also submit a sample of the GCL to be used.  The sample shall be labeled 
with the product name and be accompanied by the Manufacturer's 
specifications. 

 
b. Qualifications: 

 
(1) Submit list of equipment and personnel proposed for the Project.  

Include equipment type and quantities.  Include personnel 
experience on similar projects. 

 
(2) Submit resume and references of Installation Supervisor to be 

assigned to the Project, including data and duration of employment 
and pertinent experience information. 

 
c. Shipping, Handling, and Storage Instructions:  The Manufacturer's 

recommendations for shipping, handling, and storage shall be submitted 
for review. 

 
d. Delivery Date:  Submit notification of the scheduled delivery date for the 

materials. 
 

e. Installation Procedures and Drawings: 
 

Submit installation procedures and (shop) drawings for carrying out the 
work.  Procedures addressed by the Contractor shall include but not be 
limited to material installation, repair, and protection to be provided in the 
event of rain.  Submit drawings showing typical details including pipe 
penetrations (if applicable).  Following review, these procedures and 
drawings will be used for installation of the GCL.  Any deviations from 
these procedures and drawings must be approved by the Engineer and 
CQA Engineer. 

 
f. Quality Control Certificates:  For GCL delivered to the site, quality 

control certificates, signed by the Manufacturer's quality assurance 
manager shall be provided which represent every roll of GCL.  Each 
certificate shall have the roll identification number(s), test methods, 
frequency, and test results.  At a minimum, the test results and frequency 
of testing shall be as shown in Table 2 of this section.  Each certificate 
shall also include a certification that each roll of GCL has been 
continually checked by the Manufacturer for needles and that any needles 
detected have been removed. 

 
g.  Contractor Quality Control Test Results:  The Contractor shall provide the 

results of required testing. 
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h. Furnish copies of the delivery tickets or other approved receipts as 
evidence for materials received that will be incorporated into the 
construction. 

 
2. Post-Installation Requirements:    

 
Upon completion of GCL installation the Contractor shall submit the following: 

 
a. A certificate stating that the GCL has been installed in accordance with 

the Drawings, Specifications, and the Manufacturer's recommendations. 
 

b. Completed Manufacturer's and Workmanship Warranties. 
 

Finalization of payment for GCL installation shall not be made until the above submittals 
have been reviewed by the CQA Engineer. 

 
D. CONSTRUCTION 
 

1. Shipping , Handling, and Storage: 
 

The GCL shall be shipped, handled, and stored in strict accordance with the 
Manufacturer's recommendations. 

 
2. Failing CQA Material Control Tests:  

 
GCL that is rejected upon testing shall be removed from the project site and 
replaced at Contractor's cost.  Sampling and CQA testing of GCL supplied as 
replacement for rejected material shall be performed by the CQA Engineer at 
Contractor's cost. 

 
3. Installation of GCL: 

 
a. The surface of the subgrade shall be smooth, uniform, free from sudden 

changes in grade (such as vehicular ruts), rocks or stones greater than ½ 
inch in size, standing water, debris, and deleterious materials. 

 
b. Before an individual panel of GCL is installed; the Contractor and 

Installer shall verify in writing and submit to the CQA Engineer: 
 

(1) Lines and grades are in conformance with the Drawings and 
Specifications. 

 
(2) The surface area to be lined has been rolled and compacted, free of 

irregularities and abrupt changes in grade. 
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c. GCL shall be placed to the lines and grades shown on the Contract 
Drawings.  At the time of installation, GCL shall be rejected by the CQA 
Engineer if it has defects, rips, holes, flaws, evidence of deterioration, or 
other damage. 

 
d.  The GCL shall not be placed during precipitation.  Any GCL that becomes 

hydrated prior to covering shall be removed and replaced at Contractor 
expense if required by the Engineer.  Likewise, if the subgrade below the 
GCL becomes excessively wet and unstable as determined by the CQA 
Engineer, it shall be dried and recompacted, and replaced if needed. 

 
e. The GCL shall be placed smooth and free of excessive wrinkles. 

 
f. Where horizontal seams are required on sloped surfaces, the panels shall 

be placed such that the "upstream" panel forms the upper panel and 
overlaps the "downstream" panel in order to minimize infiltration 
potential.  All seams constructed on slopes of 6H:1V or steeper shall be 
vertical seams, except where slope lengths exceed standard roll lengths 
and elsewhere as approved in advance by the Engineer. 

 
g.  All vertical panels placed on slopes of 6H:1V or steeper shall extend a 

minimum of 5 feet beyond the grade break with a slope flatter than 6H:1V. 
 
h. The GCL shall be laid with a 6 inch minimum overlap seam along roll 

edges and a 12 inch minimum overlap seam along roll ends.  Granular 
sodium bentonite shall be added between all overlapped seams at a rate of 
approximately 0.25 lbs/linear foot.  As an alternative to the addition of 
bentonite along roll edges, GCL with slits cut in one of the geotextiles 
may be used if approved in advance by the Engineer. 

 
i. GCL shall be temporarily secured in a manner approved by the CQA 

Engineer prior to placement of overlying materials. 
 

j. Any GCL that is torn, punctured, or otherwise damaged shall be repaired 
or replaced as directed by the CQA Engineer, by the Contractor at no 
additional cost to the Owner.  The repair shall consist of a patch of GCL 
placed over (or alternatively under) the damaged areas and shall overlap 
the existing GCL a minimum of 12 inches from any point of the damage.  
Granular sodium bentonite shall be added around the perimeter of the 
damaged area and between the patch and the GCL at a rate of 
approximately 0.25 lbs/linear foot.  Small tears or punctures may be 
repaired by the addition of granular sodium bentonite alone where 
approved by the CQA Engineer. 

 
k. GCL shall be covered with the overlying HDPE Geomembrane or 

otherwise protected from hydration due to rainfall (i.e. temporary tarps, 
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scrap geomembrane, etc.) within 24 hours of GCL placement, or sooner if 
rain is imminent. 

 
l.  Penetrations:  All penetrations of GCL shall be made in accordance with 

the Contract Drawings and/or as directed by the Engineer. 
 

4.  Cover Placement: 
 

Placement of materials over GCL shall be performed in a manner as to ensure that 
GCL and the underlying geosynthetics are not damaged; minimal slippage of 
GCL on the underlying geosynthetics occurs; no excess tensile stresses occur in 
the GCL; and that no portion of the GCL develops excessive wrinkles or crimp.  
Wrinkles that exceed approximately 6 inches in height and cannot be eliminated 
by amended placement and covering methods or GCL that becomes crimped shall 
be cut and repaired by the Geosynthetics Installer in a method approved by the 
Engineer. 
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TABLE 1: REQUIRED GCL PROPERTIES 
 

 
PROPERTY 

 

 
TEST 

METHOD 
 

UNITS VALUE 

 
Clay: 
 
Bentonite Swell Index 

 
ASTM D 5890 ml/2g 24 

 
Bentonite Fluid Loss 

 
ASTM D 5891 ml < 18 

 
GCL: 
 
Bentonite Content 

 
ASTM D 5993 

 
psf 0.75 

(@ 0% moisture) 
 
Tensile Strength 

 
ASTM D 6768 lbs/in 30 

 
Peel Strength 

 
ASTM D 6496 lbs/in 7.5 Avg. Peak 

5.3 Min. Avg. 
 
Hydraulic Conductivity 

 
ASTM D 5887 cm/sec < 5 x 10-9 

 
Internal Shear Strength1 
(Hydrated) (Peak) 

 
ASTM D 6243 psf 500 

 
 
Interface Shear Strength 
(Hydrated) (Peak)2 
 

 
ASTM D 6243 psf 100 psf (Load = 200 psf) 

750 psf   (2,000 psf) 
1,500 psf   (4,000 psf) 
3,000 psf (8,000 psf) 

 
 

Notes: 
 

1.  Peak value measured at a normal load of 200 psf after a minimum 24 hour 
hydration period. 

2.  GCL shall have adequate adhesion against adjacent materials under low normal 
loads to achieve the successful installation of overlying components without 
slippage. 
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TABLE 2: REQUIRED MANUFACTURER QUALITY CONTROL TESTS 
 

 
PROPERTY 

 
TEST 

METHOD 
 

MINIMUM TEST 
FREQUENCY 

 
Clay: 
 
Bentonite Swell Index ASTM D 5890 50 tons 
 
Bentonite Fluid Loss ASTM D 5891 50 tons 
 
GCL: 
 
Bentonite Content ASTM D 5993 5,000 yd2 
 
Tensile Strength ASTM D 6768 25,000 yd2 
 
Peel Strength1 ASTM D 6496 5,000 yd2 
 
Hydraulic Conductivity ASTM D 5887 30,000 yd2 
 
Internal Shear Strength2 
(Hydrated) 
 

ASTM D 6243 Periodic 

 
Notes: 

 
1.  Conduct peel strength tests in accordance with the criteria given in Table 1. 
2.  Conduct shear strength tests in accordance with the criteria given in Table 1. 

 
 
 
TABLE 3: REQUIRED CONTRACTOR QUALITY CONTROL TESTS 
 

 
PROPERTY 

 
TEST 

METHOD 
 

MINIMUM TEST 
FREQUENCY 

 
Interface Shear Strength ASTM D 6243 

 
(See Note 1) 

 
Notes: 

 
1.  Test each interface to be used on this project using representative samples of 

materials to be supplied under normal loads indicated and using test parameters as 
specified by the Engineer.  For this project, interfaces to be tested are: 
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A.  Geosynthetic Clay Liner against Soil Liner; 
B.  Textured HDPE-GM (60 mil) against Geosynthetic Clay Liner; 
C.  Type GT-C Geotextile against textured HDPE-GM (60 mil); 
D.  Drainage Geocomposite against textured HDPE-GM (60 mil); and 
E.  Protective Cover Soil against Type GT-S Geotextile. 
 *Add or delete interfaces depending on selected options. 

 
If there are material differences in the surface of any of the geosynthetic materials 
from one side to the other, then all possible combinations of interfaces shall be 
tested.  This testing shall be performed at Contractor cost by an independent GAI 
accredited laboratory and submitted to the Engineer for review prior to shipping.  
Upon review of test results, the Engineer may allow exceptions to the above 
criteria. 

 
For tests involving textured geomembranes, the laboratory shall also report the 
asperity height (GRI GM12) for the material samples used in the actual direct 
shear tests. 

 
 

END OF SECTION 
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SECTION 02778 
 

LLDPE GEOMEMBRANE 

 
A. DESCRIPTION 
 

1. General: 
 

The Contractor shall furnish all labor, material, and equipment to complete 
installation of LLDPE-GM including all necessary and incidental items as 
detailed or required to complete the installation in accordance with the Contract 
Drawings and these Specifications. 

 
2. Related Work: 

 
Related Contract Work is described in the following sections of the 
Specifications: 

 
Work     Section 

Excavation      02222 
Embankment      02223 
Vegetative Soil Layer     02258 
Drainage Geocomposite    02712 
CQA Manual     Attached 

 
3. Reference Standards: 

 
The latest revision of the following standards of the American Society of Testing 
and Materials (ASTM) and the Geosynthetic Research Institute (GRI) are hereby 
made a part of these Specifications. 

 
ASTM D 792  Standard Test Method for Density and Specific Gravity 

(Relative Density) of Plastics by Displacement. 
 

ASTM D 1004 Standard Test Method for Initial Tear Resistance of Plastic 
Film and Sheeting. 

 
ASTM D 1505 Standard Test Method for Density of Plastics by the 

Density-Gradient Technique. 
 

ASTM D 1603 Standard Test Method for Carbon Black in Olefin Plastics. 

LLDPE Geomembrane (LLDPE-GM):  The LLDPE Geomembrane serves as the primary 
hydraulic barrier in the landfill final cover.  It is of great importance that the LLDPE-GM be 
free from defects and installed free from damage. 
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ASTM D 5199 Standard Test Method for Measuring Nominal Thickness of 
Geotextiles and Geomembranes. 

 
ASTM D 5321  Standard Test Method for Determining the Coefficient of 

Soil and Geosynthetic or Geosynthetic and Geosynthetic 
Friction by the Direct Shear Method. 

 
ASTM D 5596 Standard Test Method for Microscopic Evaluation of the 

Dispersion of Carbon Black in Polyolefin Geosynthetics. 
 

ASTM D 5820  Standard Practice for Pressurized Air Channel Evaluation 
of Dual Seamed Geomembranes. 

 
ASTM D 5994 Standard Test Method for Measuring Core Thickness of 

Textured Geomembrane. 
 

ASTM D 6392 Standard Test Method for Determining the Integrity of 
Nonreinforced Geomembrane Seams Produced Using 
Thermo-Fusion Methods. 

 
ASTM D 6693 Standard Test Method for Determining Tensile Properties 

of Nonreinforced Flexible Polyethylene and Nonreinforced 
Polypropylene Geomembranes. 

 
GRI GM9  Cold Weather Seaming of Geomembranes. 

 
GRI GM12   Asperity Measurement of Textured Geomembranes Using a 

Depth Gage. 
 

GRI GM17   Standard Specification for Test Properties, Testing 
Frequency and Recommended Warranty for Linear Low 
Density Polyethylene (LLDPE) Smooth and Textured 
Geomembranes. 

 
GRI GM19   Seam Strength and Related Properties of Thermally 

Bonded Polyolefin Geomembranes. 
 

4. Quality Control: 
 

a.  The Contractor shall perform Quality Control tests in accordance with 
Table 2 of this section. 

 
b.  The Geomembrane Installer shall follow the procedures and requirements 

described in the accompanying Project CQA Manual during installation of 
LLDPE-GM including performing and documenting trial seams, 
nondestructive and destructive Quality Control tests, and repairs. 
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5. Quality Assurance: 
 

Quality Assurance during installation of LLDPE-GM will be provided by the 
Owner as described in the accompanying Project CQA Manual. 

 
6. Manufacturers Qualifications: 

 
The Manufacturer shall have previously demonstrated his ability to produce the 
required LLDPE-GM by having successfully manufactured a minimum of 
5,000,000 ft2 of LLDPE-GM for hydraulic containment purposes. 

 
7. Installer Qualifications: 

 
a. Installation of the LLDPE-GM shall be performed by an Installer that has 

installed a minimum of 5,000,000 ft2 of LLDPE-GM (or similar material) 
within the past five (5) years in similar landfill installations. 

 
b. All Installation Supervisors assigned to the Project shall have previously 

managed the installation of at least 2,000,000 ft2 of LLDPE-GM (or 
similar material) using the same techniques to be used on site. 

 
c. All seaming equipment operators shall have demonstrated performance on 

previous geomembrane installations and/or documented training. 
 

8. Warranties: 
 

a. General:  Should a defect occur, which is covered under warranty, the 
Warrantor shall bear all costs for repair and/or relocation and replacement 
of the LLDPE-GM. 

 
b. Workmanship:  The Contractor shall furnish the Owner a warranty from 

the Installer of the LLDPE-GM which warrants their workmanship to be 
free of defects on a prorata basis for two (2) years after the final 
acceptance of the Work.  This warranty shall include but not be limited to 
all field seams, anchor trenches, attachments to appurtenances, and 
penetration seals, as applicable. 

 
c. Manufacturer's Warranty:  The Contractor shall furnish the Owner a 

warranty from the LLDPE-GM Manufacturer for the materials used.  The 
material warranty shall be for defects or failures related to manufacture on 
a prorata basis for two (2) years after the date of shipment. 
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B. MATERIALS 
 

1. General: 
 

The materials supplied under these Specifications shall consist of new, first-
quality products designed and manufactured specifically for the purpose of this 
work, which shall have been satisfactorily demonstrated, by prior use, to be 
suitable and durable for such purposes.  The LLDPE-GM and LLDPE-GM 
Manufacturer shall be approved by the Engineer. 

 
The LLDPE-GM shall be supplied in rolls which shall have a minimum width of 
22 feet.  The roll length shall be maximized to provide the largest manageable 
sheet for the fewest seams.  Labels on the roll shall identify the thickness, length, 
width, lot and roll numbers, and name of Manufacturer. 

 
2. LLDPE-GM Materials: 

 
a. Textured LLDPE-GM shall be 30 mils thick.  Resin and sheet properties 

of LLDPE-GM shall meet or exceed the requirements of GRI GM17 and 
Table 1 of this section. 

 
b.  Materials classified as Very Flexible Polyethylene (VFPE) which 

otherwise meet the requirements of this section are also acceptable. 
 

3. Extrusion Resin/Typical Extrudate: 
 

Extrusion resin/typical extrudate used for extrusion seaming of LLDPE-GM shall 
be linear low density polyethylene (LLDPE).  Physical properties shall be the 
same as the LLDPE-GM sheet.  The extrudate's additives shall be thoroughly 
dispersed throughout the rod or bead.  The extrudate shall be free of 
contamination by moisture or foreign matter and shall be recommended for use 
with the associated sheet material. 

 
4.  Texturing: 

 
Textured LLDPE-GM, where required, shall be fabricated using coextrusion or 
impingement methods.  Texturing shall not be created by lamination, structuring, 
or embossing.  Texturing applied to LLDPE-GM using impingement methods 
shall be bonded securely to the parent LLDPE-GM.  All texturing shall be 
uniform in appearance and coverage on the finished sheet.  Textured LLDPE-GM 
shall be textured on both sides of the sheet. 

 
C. SUBMITTALS 
 

The Contractor shall submit the following to the CQA Engineer: 
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1. Pre-Installation Requirements: 
 

Prior to LLDPE-GM installation, the Contractor shall submit the following: 
 

a. Mill Certificate and Sample:  Prior to shipping to the site, the Contractor 
shall submit a mill certificate or affidavit signed by a legally authorized 
official of the Manufacturer for the LLDPE-GM attesting that the LLDPE-
GM meets the physical and manufacturing requirements stated in these 
Specifications.  The Contractor shall also submit a sample of the LLDPE-
GM to be used.  The sample shall be labeled with the product name and be 
accompanied by the Manufacturer's specifications. 

 
b. Qualifications: 

 
(1) Submit list of equipment and personnel proposed for the Project.  

Include equipment type and quantities.  Include personnel 
experience on similar projects. 

 
(2) Submit resume and references of Installation Supervisor to be 

assigned to the Project, including data and duration of employment 
and pertinent experience information. 

 
(3) Submit resumes and references of installation personnel who will 

perform seaming operations, including dates and durations of 
employment and pertinent experience information. 

 
c. Shipping, Handling, and Storage Instructions:  The Manufacturer's plan 

for shipping, handling, and storage shall be submitted for review. 
 

d. Delivery Date:  Submit notification of the scheduled delivery dates for the 
materials. 

 
e. Installation Procedures and Drawings: 

 
Submit installation procedures and (shop) drawings for carrying out the 
work.  

 
(1) Installation procedures to be addressed shall include but not be 

limited to material installation, repair, and protection to be 
provided in the event of rain or strong winds. 

 
(2) Shop drawings shall have LLDPE-GM sheet layout with proposed 

size, number, position, and sequence of placing all panels, and 
indicating the location of all field seams.  Shop drawings shall also 
show complete details and/or methods for anchoring the LLDPE-
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GM, making field seams, and making seals around pipes and 
structures penetrating the LLDPE-GM (if applicable). 

 
Following review, these procedures and drawings shall be used for 
installation of the LLDPE-GM.  Any deviations from these procedures and 
drawings must be approved by the Engineer and CQA Engineer. 

 
f. Quality Control Certificates:  For LLDPE-GM delivered to the site, 

quality control certificates, signed by the Manufacturer's quality assurance 
manager shall be provided which represent every roll of LLDPE-GM.  
Each certificate shall have the roll identification number(s), test methods, 
frequency, and test results.  At a minimum, the test results and frequency 
of testing shall meet or exceed the requirements of GRI GM17. 

 
g. Contractor Quality Control Test Results:  The Contractor shall provide the 

results of required testing. 
 

h. Furnish copies of the delivery tickets or other approved receipts as 
evidence for materials received that will be incorporated into the 
construction. 

 
2. Post-Installation Requirements: 

 
Upon completion of the LLDPE-GM installation, the Contractor shall submit the 
following: 

 
a. Certificate stating that the LLDPE-GM has been installed in accordance 

with the Drawings, Specifications, and the Manufacturer's 
recommendations. 

 
b. Completed Manufacturer's and workmanship warranties. 

 
c. Record Information:  Record information shall include but not be limited 

to:   
 
(1)  CQC Documentation:  Includes trial seam logs, panel placement 

logs, panel seaming logs, non-destructive seam testing report 
forms, field destructive seam testing report forms, and repair logs. 

 
(2)  As-Built Drawing:  Includes the requirements listed in Paragraph 

D.8 (Surveying) of this Specification. 
 

Finalization of payment for LLDPE-GM installation shall not be made until the above 
submittals have been reviewed by the CQA Engineer. 
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D. CONSTRUCTION 
 

1. Shipping, Handling, and Storage: 
 

The LLDPE-GM shall be shipped, handled, and stored in strict accordance with 
the Manufacturer's recommendations. 

 
2. Failing CQA Material Control Tests:  

 
LLDPE-GM that is rejected upon testing shall be removed from the project site 
and replaced at Contractor's cost.  Sampling and CQA testing of LLDPE-GM 
supplied as replacement for rejected material shall be performed by the CQA 
Engineer at Contractor's cost. 

 
3. Subgrade Preparation: 

 
a. The surface of the subgrade shall be smooth, uniform, free from sudden 

changes in grade (such as vehicular ruts), rocks or stones greater than ½ 
inch in size, debris, and deleterious materials.  During actual placing and 
seaming of the LLDPE-GM, the subgrade shall be kept free of all standing 
water.  If the subgrade below the LLDPE-GM becomes excessively wet 
and unstable as determined by the CQA Engineer, it shall be dried and 
recompacted, and replaced if needed. 

 
b. Before an individual panel of LLDPE-GM is installed; the Contractor and 

Installer shall verify in writing and submit to the CQA Engineer: 
 

(1) Lines and grades are in conformance with the Drawings and 
Specifications. 

 
(2) The surface area to be lined has been rolled and compacted, free of 

irregularities and abrupt changes in grade. 
 
c. The Contractor shall not proceed with LLDPE-GM installation until a 

complete report on all Compacted Soil Barrier (if required) CQA testing 
has been submitted and approved by the CQA Engineer.  If the Contractor 
proceeds with LLDPE-GM installation prior to completion of these tests, 
the Contractor will do so at his own risk.  If any tests fail, the Contractor 
shall be required to remove LLDPE-GM and reconstruct the Compacted 
Soil Barrier to specification requirements.  All costs associated with such 
actions (including the costs of additional testing) shall be paid for entirely 
by the Contractor. 
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4. LLDPE-GM Placement: 
 

a. Weather Conditions: 
 

LLDPE-GM placement shall not proceed at an ambient temperature below 
32 F or above 100 F unless otherwise authorized, in writing, by the 
Engineer.  Installation of LLDPE-GM at temperatures below 32 F, if 
authorized by the Engineer, shall follow GRI GM9.  LLDPE-GM 
placement shall not be performed during precipitation, excessive moisture, 
in an area of ponded water, or in excessive winds.  Any portion of 
LLDPE-GM or subgrade damaged due to weather conditions shall be 
repaired at the Contractor's cost. 

 
b. Method of Placement: 

 
(1) Each panel of the LLDPE-GM shall be installed in accordance 

with the approved shop drawings prepared by the Contractor.  The 
layout shall be designed to keep field seaming of the LLDPE-GM 
to a minimum and consistent with proper methods of LLDPE-GM 
installation. 

 
(2) Panels shall be oriented perpendicular to the line of the slope crest 

(i.e., down and not across slope). 
 

(3)  The LLDPE-GM shall be placed smooth and free of excessive 
wrinkles. 

 
(4) LLDPE-GM rolls shall be placed using proper spreader and rolling 

bars with cloth slings.  If a sheet must be displaced a distance 
greater than its width, a slip sheet shall be used. 

 
(5) The CQA Engineer shall inspect each panel, after placement and 

prior to seaming, for damage and/or defects.  Defective or 
damaged panels shall be replaced or repaired, as approved by the 
CQA Engineer and as described in this section. 

 
(6) The Installer shall avoid dragging the LLDPE-GM on rough soil 

subgrades. 
 

(7) All LLDPE-GM shall be anchored as shown on the Contract 
Drawings and consistent with Manufacturer's recommendations. 

 
(8) Personnel working on the LLDPE-GM shall not smoke, wear 

damaging shoes, or involve themselves in any activity that may 
damage the LLDPE-GM, in the opinion of the CQA Engineer. 
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(9) The LLDPE-GM shall be properly weighted to avoid uplift due to 
wind. 

 
(10) Vehicular traffic across the LLDPE-GM shall not be allowed, 

except that four-wheel (or greater) all-terrain vehicles (ATVs) with 
low ground pressure may be allowed if approved in advance by the 
Engineer.  The Contractor shall submit proposed equipment and 
procedures for use of ATVs to the CQA Engineer as part of his 
submittals.  If ATVs are allowed by the Engineer, each ATV shall 
be operated such that no sudden stops, starts, or turns are made. 

 
(11) All damage shall be recorded and located on the record drawings. 

 
(12) When tying into existing LLDPE-GM, excavation of previously 

installed geosynthetics shall be performed in a manner that 
minimizes damage to the existing geosynthetics and as approved 
by the Engineer.  All damage to the existing geosynthetics shall be 
repaired by the Geosynthetics Installer at the Contractor’s sole 
expense. 

 
(13) The LLDPE-GM shall be kept free of debris, unnecessary tools, 

and materials.  In general, the LLDPE-GM area shall remain neat 
in appearance. 

 
c. Pipe Penetrations: 

 
All pipe penetrations through the LLDPE-GM shall be as shown in the 
Contract Drawings.  Alternative penetration details may be approved by 
the Engineer and CQA Engineer. 

 
5. Field Seams: 

 
a. Individual panels of LLDPE-GM shall be laid out and overlapped by a 

minimum of 4 inches prior to seaming.  The area to be seamed shall be 
cleaned and prepared in accordance with the Manufacturer's 
recommendations. 

 
b. Dual or single track hot wedge methods shall be used for straight seams. 

 
c. Extrusion fillet methods shall be used to seam cross seam tees, patches, 

repairs, and penetration boots.  All extrudate shall be free of dirt, dry, and 
protected from damage.  To limit overgrinding, the amount of grinding 
exposed after an extrusion seam is completed shall be less than ¼ inch. 

 
d. The seaming equipment used shall be capable of continuously monitoring 

and controlling the temperatures in the zone of contact where the machine 
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is actually fusing the LLDPE-GM so as to ensure that changes in 
environmental conditions will not affect the integrity of the seam. 

 
e. All seams shall have a seam number that corresponds with the panel 

layout numbers.  The numbering system shall be used in the development 
of the record drawings.  Seam numbers shall be derived from the 
combination of the two panel numbers that are to be seamed together. 

 
f. Where horizontal seams are required on sloped surfaces, the panels shall 

be placed such that the "upstream" panel forms the upper panel and 
overlaps the "downstream" panel in order to minimize infiltration 
potential.  All seams constructed on slopes of 6H:1V or steeper shall be 
vertical seams, except where slope lengths exceed standard roll lengths 
and elsewhere as approved in advance by the Engineer.  Where approved, 
end seams on slopes of 6H:1V or steeper shall be staggered a minimum of 
5 feet and shall be made at an angle of approximately 45 degrees. 

 
g. All panels placed on slopes of 6H:1V or steeper shall extend a minimum 

of 5 feet beyond the grade break with a slope flatter than 6H:1V. 
 

h. All seams shall extend to the full extent of the anchor trench (where 
applicable). 

 
i. Unless otherwise approved by the Engineer, all “T” seams (i.e., the result 

of three panels placed together) shall be staggered a minimum of 3 feet 
along either seam and shall be covered with a patch. 

 
j.  No junctions of four or more panels shall be allowed unless approved by 

the Engineer.  
 

k. If extrusion seaming equipment is stopped for longer than one minute, it 
shall be purged to remove heat-degraded extrudate.  All purged extrudate 
shall be placed on a sacrificial sheet and disposed of. 

 
l. To prevent moisture buildup during seaming, it may be necessary to place 

a movable protective layer of plastic directly below each overlap of 
LLDPE-GM that is to be seamed. 

 
m. If required, a firm substrate shall be provided by using a flat board or 

similar hard surface directly under the seam overlap to achieve proper 
support. 

 
n.  Excessive wrinkles along geomembrane seams shall be minimized.  Fish-

mouths or large wrinkles shall be cut along the ridge of the wrinkle to 
allow a flat overlap, which shall be re-seamed.  All cuts shall be repaired 
with a patch. 
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o. All seams (including repairs) shall meet or exceed the requirements of 
GRI GM19 and Table 3 of this section. 

 
p. No overlying material shall be placed over the LLDPE-GM until approved 

by the CQA Engineer. 
 

6. Anchor Trench: 
 

a. The anchor trench shall be constructed as shown on the Contract 
Drawings and as specified herein.  The anchor trench shall be maintained 
by the Contractor. 

 
b. Slightly rounded corners shall be provided in the trench to avoid sharp 

bends in the LLDPE-GM. 
 

c. The anchor trench shall be adequately drained to prevent water ponding 
and softening to adjacent soils.  The anchor trench shall be backfilled with 
controlled fill material and compacted to 90% standard Proctor dry density 
(ASTM D 698). 

 
d. If the anchor trench is located in a clay susceptible to desiccation, the 

amount of trench open at any time shall be limited to one day of LLDPE-
GM installation capacity. 

 
7. Repair Procedures: 

 
a.  Any portion of the LLDPE-GM exhibiting signs of defect or failing a 

nondestructive or a destructive test, shall be repaired by the Geomembrane 
Installer.  Several procedures exist for the repair of these areas.  The final 
decision as to the appropriate repair procedure shall be made by the CQA 
Engineer.  The procedures available include: 
 
(1)  Patching - Apply a new piece of LLDPE-GM sheet over, and at 

least 6-inches beyond the limits of a defect.  The patch shall be 
extrusion seamed to the underlying LLDPE-GM.  This method 
should be used to repair holes, tears, destructive test locations, 
undispersed raw materials, contamination by foreign matter, dents, 
pinholes, and pressure test holes. 

 
(2)  Capping - Apply a new strip of LLDPE-GM along the length of a 

delineated faulty seam.  The cap strip shall extend at least 6-inches 
beyond the limit of the seam and the edges shall be extrusion 
seamed to the underlying LLDPE-GM.  This method should be 
used to repair lengths of extrusion or hot wedge seams. 

 
(3)  Replacement - The faulty seam is removed and replaced. 
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b.  In addition, the following provisions shall be satisfied: 
 

(1)  Surfaces of the LLDPE-GM which are to be repaired shall be 
abraded no more than one hour prior to the repair; 

 
(2)  All surfaces must be clean and dry at the time of the repair; 

 
(3)  All seaming equipment used in repairing procedures must be 

approved; 
 

(4)  The repair procedures, materials, and techniques shall be approved 
in advance of the specific repair by the CQA Engineer;  

 
(5)  Extrusion seaming of flaps of dual track hot wedge seams is not 

acceptable.  A patch or cap strip shall be used; and 
 

(6)  Patches or caps shall extend at least 6-inches beyond the edge of 
the defect, and all patch corners shall be rounded. 

 
8.  Edge of Cover Markers: 

 
The Contractor shall place edge of cover markers where shown on the Contract 
Drawings along the limits of the geomembrane.  These markers shall be 
considered incidental to the LLDPE-GM installation. 

 
9.  Surveying: 

 
a.  After completion of a segment of LLDPE-GM, the Contractor shall survey 

LLDPE-GM to obtain the following information: 
 
(1)  Location and numbering of all panels/seams. 

 
(2)  Location of all repairs/patches; 

 
(3)  Location of all destructive test locations; and 

 
(4)  Location of all pipe penetrations and other appurtenances (if 

applicable). 
 

b.  No overlying materials shall be placed before survey information is 
obtained. 

 
c.  The Contractor shall provide the CQA Engineer with updated survey 

information when requested by the CQA Engineer to verify that the 
required information is being obtained. 
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10. Cover Placement: 
 

Placement of materials over LLDPE-GM shall be performed in a manner as to 
ensure that LLDPE-GM and the underlying geosynthetics are not damaged; 
minimal slippage of LLDPE-GM on the underlying geosynthetics occurs; no 
excess tensile stresses occur in the LLDPE-GM; and that no portion of the 
LLDPE-GM develops excessive wrinkles or crimp.  Wrinkles that exceed 
approximately 6 inches in height and cannot be eliminated by amended placement 
and covering methods or LLDPE-GM that becomes crimped shall be cut and 
repaired by the Geosynthetics Installer in a method approved by the Engineer. 

 
 
TABLE 1: REQUIRED LLDPE-GM PROPERTIES 
 
 

PROPERTY 
 

TEST METHOD UNITS VALUE 
 

30 mil Textured 
 
Interface Shear Strength 
(Peak)1, 2 

 
ASTM D 5321 psf    100 psf  (Load = 200 psf) 

 

 
Notes: 

 
1.   Textured LLDPE-GM shall have adequate adhesion against adjacent materials 

under low normal loads to achieve the successful installation of overlying 
components without slippage. 

2.  Note that the required values for textured LLDPE-GM may require an 
aggressively textured sheet. 

 
TABLE 2: REQUIRED CONTRACTOR QUALITY CONTROL TESTS 
 
 

PROPERTY 
 

TEST METHOD MINIMUM TEST 
FREQUENCY 

 
 
Interface Shear Strength 

 
ASTM D 5321 

 
(See Note 1) 

 
Notes: 

 
1.  Test each interface to be used on this project using representative samples of 

materials to be supplied under normal loads indicated and using test parameters as 
specified by the Engineer.  For this project, interfaces to be tested are: 
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A.  Textured LLDPE-GM (40 mil) against existing cover soils (intermediate 
cover); 

B.  Drainage Geocomposite against textured LLDPE-GM (40 mil); and 
C.  Vegetative Soil Layer against Drainage Geocomposite. 

 
 If there are material differences in the surface of any of the geosynthetic 
materials from one side to the other, then all possible combinations of interfaces 
shall be tested.  This testing shall be performed at Contractor cost by an 
independent GAI accredited laboratory and submitted to the Engineer for review 
prior to shipping.  Upon review of test results, the Engineer may allow exceptions 
to the above criteria.  

 
For tests involving textured geomembranes, the laboratory shall also report the 
asperity height (GRI GM12) for the material samples used in the actual direct 
shear tests. 

 
TABLE 3: REQUIRED SEAM STRENGTH PROPERTIES 
 
 

PROPERTY TEST 
METHOD 

VALUE 

Hot Wedge 
Seams 

 
Extrusion Fillet 

Seams 
 
30 mil 
Shear Strength1 ASTM D 6392 45 lbs/inch 
 
Shear Elongation at Break2 50% 
 
Peel Strength1 38 lbs/inch 

 
34 lbs/inch 

 
Peel Separation (Incursion) < 25% 
 
Locus-of-Break See Note 3 

 

 
Notes: 
1.  Values listed for shear and peel strengths are for 4 out of 5 test specimens; the 5th 

specimen can be as low as 80% of the listed values. 
2.   Omit elongation measurements when performing field tests. 
3.  Regarding the locus-of-break patterns of the different seaming methods in shear 

and peel, the following are unacceptable break codes per their description in 
ASTM D 6392 (in this regard, SIP is an acceptable break code): 

Hot Wedge:  AD and AD-BRK with > 25% Separation 
Extrusion Fillet:  AD1, AD2, and AD-WLD (unless strength is achieved). 

 
END OF SECTION 
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SECTION 02782 
 

GEOSYNTHETIC RAIN COVER 

 
A. DESCRIPTION 
 

1. General: 
 

The Contractor shall furnish all labor, material, and equipment to install GRC 
including all necessary and incidental items as detailed or required to complete 
the installation in accordance with the Contract Drawings and these 
Specifications. 

 
2. Related Work: 

 
Related Contract Work is described in the following sections of the 
Specifications: 

 
 Work      Section 
Protective Cover       02256 
Drainage Aggregate (Leachate Management)   02710 
CQA Manual      Attached 

 
3. Reference Standards: 

 
The latest revision of the following standards of the Geosynthetic Research 
Institute (GRI) are hereby made a part of these Specifications. 

 
GRI GM22   Standard Specification for Test Methods, Required 

Properties, and Testing Frequencies for Scrim Reinforced 
Polyethylene Geomembranes Used in Exposed Temporary 
Applications. 

 
4. Quality Assurance: 

 
Quality Assurance during installation of GRC will be provided by the Owner as 
described in the accompanying Project CQA Manual. 

 
 
 

Geosynthetic Rain Cover (GRC):  The Geosynthetic Rain Cover serves to minimize 
infiltration of precipitation within inactive portions of the landfill into the underlying leachate 
collection system.  It is of great importance that the GRC be free from defects and installed 
free from damage. 
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5. Manufacturers Qualifications: 
 

The Manufacturer shall have previously demonstrated his ability to produce the 
required GRC by having successfully manufactured a minimum of 5,000,000 ft2 
of GRC (or similar material) for hydraulic containment purposes. 

 
B. MATERIALS 
 

1. General: 
 

The materials supplied under these Specifications shall consist of first-quality 
products designed and manufactured specifically for the purpose of this work, 
which shall have been satisfactorily demonstrated, by prior use, to be suitable and 
durable for such purposes. 

 
The GRC shall be supplied in panels which shall be of maximum size to provide 
the largest manageable sheet for the fewest seams.  Labels on the panels shall 
identify the thickness, length, width, lot and panel numbers, and name of 
Manufacturer. 

 
2. GRC Materials: 

 
a. GRC shall be manufactured to meet the following requirements: 

 
(1) GRC shall be a reinforced geomembrane composed of a 

polyethylene, polypropylene, or polyvinyl chloride (PVC) based 
material, or a woven coated polyethylene material.  Properties of 
GRC shall meet or exceed the requirements of GRI GM22 
(Category 2 - Moderate - 12 mil nominal) or shall be an approved 
GRC as listed below. 

 
(2)  GRC shall be impermeable and capable of repelling water with no 

absorption. 
 

b.  Approved GRC: 
 

(1)  Dura-Skrim 12BV as manufactured by Raven Industries of Sioux 
Falls, SD. 

 
(2)  Integra 12 BW as manufactured by Integra Plastics, Inc. of 

Madison, South Dakota. 
 

(2) Approved equal material. 
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3. Seaming Materials: 
 

Materials used for seaming GRC (if used) shall be as recommended by the 
Manufacturer and approved by the Engineer. 

 
4.  Ballast System: 

 
In addition to anchoring the edges of the GRC within the Protective Cover (as 
shown on the Contract Drawings, or, if not shown, in a 1 foot by 1 foot min. 
anchor trench), the Contractor shall place tires (typical auto - off rim) (or other 
ballast as approved by the Owner and Engineer) on top of the GRC on 8 foot 
centers over the entire area covered by the GRC.   
 
For slopes 5H:1V and steeper, the Contractor shall tie ballast together with 3/8 
inch min. nylon rope on a horizontal and vertical grid with anchors at the top of 
the slope for the rope.  Anchors shall be 1 inch by 1 inch (actual dimensions) by 2 
foot long treated wood stakes, or approved equal. 

 
The Contractor shall also locate and/or tie ballast such that ballast is not displaced 
by the flow of stormwater. 

 
C. SUBMITTALS 
 

The Contractor shall submit the following to the CQA Engineer: 
 

1. Pre-Installation Requirements: 
 

Prior to GRC installation the Contractor shall submit the following: 
 

a. Mill Certificate and Sample:  Prior to shipping to the site, the Contractor 
shall submit a mill certificate or affidavit signed by a legally authorized 
official of the Manufacturer for the GRC attesting that the GRC meets the 
physical and manufacturing requirements stated in these Specifications.  
The Contractor shall also submit a sample of the GRC to be used.  The 
sample shall be labeled with the product name and be accompanied by the 
Manufacturer's specifications. 

 
b. Shipping, Handling, and Storage Instructions:  The Manufacturer's plan 

for shipping, handling, and storage shall be submitted for review. 
 

c. Installation Procedures: 
 

Submit installation procedures for carrying out the work.  Installation 
procedures to be addressed shall include but not be limited to material 
installation, repair, and protection to be provided in the event of rain or 
strong winds.  With regard to protection, the Contractor shall provide a 
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plan of anchoring the GRC.  At a minimum, this plan shall meet the 
criteria described in Paragraph B.4 above and shall indicate the selected 
spacing and weight of the ballast to be used.  This plan shall be approved 
by the Engineer prior to construction. 

 
d.  Furnish copies of the delivery tickets or other approved receipts as 

evidence for materials received that will be incorporated into the 
construction. 

 
D. CONSTRUCTION 
 

1. Shipping, Handling, and Storage: 
 

The GRC shall be shipped, handled, and stored in strict accordance with the 
Manufacturer's recommendations. 

 
2. Subgrade Preparation: 

 
The surface of the subgrade shall be smooth, uniform, free from sudden changes 
in grade (such as vehicular ruts), rocks or stones greater than ½ inch in maximum 
size (except for gravel columns), debris, and deleterious materials.  During actual 
placing and seaming of the GRC, the subgrade shall be kept free of all standing 
water.  If the subgrade below the GRC becomes excessively wet and unstable, as 
determined by the CQA Engineer it shall be dried and recompacted, and replaced 
if needed. 

 
3.  GRC Placement: 

 
a. Weather Conditions: 

 
GRC placement shall not proceed at an ambient temperature below 32 F 
or above 100 F unless otherwise authorized, in writing, by the Engineer.  
GRC placement shall not be performed during precipitation, excessive 
moisture, in an area of ponded water, or in excessive winds.  Any portion 
of GRC or subgrade damaged due to weather conditions shall be repaired 
at the Contractor's cost. 

 
b. Method of Placement: 

 
(1) Each panel of the GRC shall be installed in accordance with the 

Manufacturer’s recommendations. 
 

(2) The CQA Engineer shall inspect each panel, after placement and 
prior to seaming, for damage and/or defects.  Defective or 
damaged panels shall be replaced or repaired, as approved by the 
CQA Engineer and as described in this section. 
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(3) The Installer shall avoid dragging the GRC on rough soil 
subgrades. 

 
(4) Personnel working on the GRC shall not smoke, wear damaging 

shoes, or involve themselves in any activity that may damage the 
GRC, in the opinion of the CQA Engineer. 

 
(5) The GRC shall be properly weighted to avoid uplift due to wind. 

 
(6) Vehicular traffic across the GRC shall not be allowed. 

 
(7) The GRC shall be kept free of debris, unnecessary tools, and 

materials.  In general, the GRC area shall remain neat in 
appearance. 

 
c. Pipe Penetrations: 

 
All pipe penetrations through the GRC shall be booted unless otherwise 
shown in the Contract Drawings.  Alternate penetration details may be 
approved by the Engineer. 

 
4.  Field Seams: 

 
a. Field seams shall be made according to the Manufacturer’s 

recommendations and may include fusion welding, taping, chemical 
fusion, or other methods as appropriate for the selected material and as 
approved by the Engineer. 

 
b.  Individual panels of GRC shall be laid out and overlapped by a minimum 

of 4 inches prior to seaming.  The area to be seamed shall be cleaned and 
prepared in accordance with the Manufacturer's recommendations. 

 
c. All seams constructed on sloped surfaces shall be vertical seams.  Where 

horizontal seams are required and no other option is available on sloped 
surfaces, the panels shall be placed such that the "upstream" panel forms 
the upper panel and overlaps the "downstream" panel in order to minimize 
infiltration potential. 

 
5.  Ballasting: 

 
The Contractor shall add ballasting in accordance with the approved plan. 
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6. Repair Procedures: 
 

a. Any portion of the GRC exhibiting signs of defect shall be repaired.  
Several procedures exist for the repair of these areas.  The final decision 
as to the appropriate repair procedure shall be made by the CQA Engineer. 

 
b.  Ballasting, which becomes displaced shall be repositioned. 

 
7.  No overlying material shall be placed over the GRC until approved by the CQA 

Engineer. 
 
 

END OF SECTION 
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SECTION 02930 
 

REVEGETATION 

 
A. DESCRIPTION 
 

1. General: 
 

The Contractor shall furnish all labor, material, and equipment to complete 
Revegetation in accordance with the Contract Drawings and these Specifications. 

 
2. Related Work: 

 
Related Contract Work is described in the following sections of the 
Specifications: 

 
Work     Section 

Embankment      02223 
Protective Cover     02256 
Vegetative Soil Layer     02258 
Erosion and Sedimentation Control   02270 
Rolled Erosion Control Products   02275 

 
3.  Warranty: 

 
The Contractor shall be responsible for the satisfactory establishment and growth 
of a permanent stand of vegetation for a period of one year following the final 
seeding as judged by the Engineer.  During this period, the Contractor shall be 
responsible for the maintenance items described in Paragraph D.4 (Maintenance) 
of this Specification. 

 
B. MATERIALS 
 

1. Limestone:  Unless otherwise defined by specific soil tests, supply agricultural 
grade ground limestone conforming to the current “Rules, Regulations, and 
Standards of the Fertilizer Board of Control.” 

 
2. Fertilizer:  Unless otherwise defined by specific soil tests, supply commercial 

fertilizer of 10-10-10 analysis, meeting applicable requirements of State and 
Federal law.  Do not use cyanamic compounds of hydrated lime.  Deliver 
fertilizer in original containers labeled with content analysis. 

Revegetation:  Revegetation includes permanent Revegetation of all site areas disturbed by 
the Contractor whether inside the Contract Limits or not. 
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3. Grass Seed:  Supply fresh, clean, new-crop seed as specified in Table 1 of this 
section.  Do not use seed which is wet, moldy, or otherwise damaged.  Deliver 
seed in standard sealed containers labeled with producer’s name and seed 
analysis, and in accord with US Department of Agriculture Rules and Regulations 
under Federal Seed Act. 

 
4. Mulch:  Supply clean, seed-free, threshed straw of oats, wheat, barley, rye, beans, 

or other locally available mulch material. 
 

a. Do not use mulch containing a quantity of matured, noxious weed seeds or 
other species that will be detrimental to seeding, or provide a menace to 
surrounding land. 

 
b. Do not use mulch material which is fresh or excessively brittle, or which 

is decomposed and will smother or retard growth of grass. 
 

5. Binder:  Supply emulsified asphalt or synthetic binder. 
 

6. Water:  Supply potable, free of substances harmful to growth. 
 
C. SUBMITTALS 
 

The Contractor shall submit the following to the Engineer: 
 

1. Results of soil tests performed and proposed modifications, if any, to the specified 
requirements. 

 
2.  Certificates for each grass seed mixture, stating botanical and common name, 

percentage by weight, and percentages of purity, germination, and weed seed.  
Certify that each container of seed delivered is fully labeled in accordance with 
Federal Seed Act and equals or exceeds specification requirements. 

 
3.  Copies of invoices for fertilizer, showing grade furnished and total quantity 

applied. 
 
D. CONSTRUCTION 

 
1.  The Contractor shall establish a smooth, healthy, uniform, close stand of grass 

from the specified seed.  Prior to Revegetation, the Contractor shall adequately 
test the soils to be revegetated to ensure the adequacy of the specified 
requirements.  Any modifications to these requirements deemed necessary after 
the review of soil test results, shall be at the Contractor’s sole expense.  The 
Engineer will perform the observations to determine when successful 
Revegetation is achieved. 
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2.  Soil Preparation: 
 

a. Limit preparation to areas which will be planted soon after preparation. 
 

b. Loosen surface to minimum depth of four (4) inches. 
 

c. Remove stones, sticks, roots, rubbish and other extraneous matter over 
three (3) inches in any dimension. 

 
d. Spread lime uniformly over designated areas at the rate specified in Table 

1 of this section. 
 

e. After application of lime, prior to applying fertilizer, loosen areas to be 
seeded with double disc or other suitable device if soil has become hard or 
compacted.  Correct any surface irregularities in order to prevent pocket or 
low areas which will allow water to stand. 

 
f. Distribute fertilizer uniformly over areas to be seeded at the rate specified 

in Table 1 of this section. 
 

(1) Use suitable distributor. 
 

(2) Incorporate fertilizer into soil to depth of a least two (2) inches. 
 

(3) Remove stones or other substances which will interfere with turf 
development or subsequent mowing. 

 
g. Grade seeded areas to smooth, even surface with loose, uniformly fine 

texture. 
 

(1) Roll and rake, remove ridges and fill depressions, as required to 
meet finish grades. 

 
(2) Fine grade just prior to planting. 

 
3.  Seeding: 

 
a. Use approved mechanical power driven drills or seeders, mechanical hand 

seeders, or other approved equipment. 
 

b. Distribute seed evenly over entire area at the rate specified in Table 1 of 
this section. 

 
c. Stop work when work extends beyond most favorable planting season for 

species designated, or when satisfactory results cannot be obtained 
because of drought, high winds, excessive moisture, or other factors. 
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d. Resume work only when favorable condition develops, or as directed by 
the Engineer. 

 
e. Lightly rake seed into soil followed by light rolling or cultipacking. 

 
f. Immediately protect seeded areas against erosion by mulching or placing 

Rolled Erosion Control Products in accordance with Section 02275 of 
these Specifications, where applicable. 

 
(1) Spread mulch in a continuous blanket at the rate specified in Table 

1 of this section. 
 

(2) Immediately following spreading mulch, secure with evenly 
distributed binder at the rate specified in Table 1 of this section. 

 
4.  Maintenance: 

 
The Contractor shall be responsible for maintaining all seeded areas through the 
end of his warranty period.  The Contractor shall provide, at his expense, 
protection of all seeded areas against damage at all times until acceptance of the 
work.  Maintenance shall include, but not be limited to, the following items: 

 
a. Regrade and revegetate all eroded areas until adequately stabilized by 

grass. 
 

b. Remulch with new mulch in areas where mulch has been disturbed by 
wind or maintenance operations sufficiently to nullify its purpose.  Anchor 
as required to prevent displacement. 

 
c. Replant bare areas using same materials specified. 
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TABLE 1: SEEDING SCHEDULE 
 

 
MATERIAL 

 
SEED TYPE APPLICATION RATE1 

 
 
Lime 

 
----- 4,000 lbs/acre 

 
Fertilizer 

 
----- 1,000 lbs/acre 

 
Seed 
    Permanent: 
 
 
 
 
 
    Temporary: 

 
 

Kentucky 31 Tall Fescue 
Sericea Lespedeza3 

Kobe Lespedeza 
Seasonal Nurse Crop2 

 
Seasonal Nurse Crop2 

 
100 lbs/acre 
30 lbs/acre 
10 lbs/acre 
See Note 2 

 
See Note 2 

 
Mulch 

 
----- 4,000 - 5,000 lbs/acre 

 
Binder 

 
----- 150 gallons/acre 

 

 
Notes: 

 
1. Application rates and/or chemical analysis shall be confirmed or established by a 

soil test(s). 
2. Use seasonal nurse crop in accordance with seeding dates as stated below: 

 
May 1 - August 15   10 lbs/acre German Millet or  

15 lbs/acre Sudangrass 
August 16 - April 30   25 lbs/acre Rye (grain). 

 
 

END OF SECTION 
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SECTION 11314 
 

LEACHATE PUMPS AND CONTROLS 

 
A. DESCRIPTION 
 

1. General: 
 

The Contractor shall furnish all labor, material, and equipment to complete 
installation of all Leachate Pumps And Controls, including all necessary and 
incidental items, in accordance with the Contract Drawings and these 
Specifications. 

 
2. Related Work: 

 
Related Contract Work is described in the following sections of the 
Specifications: 

 
Work     Section 

Precast Concrete Structures    02608 
HDPE Pipe       02614 
Valves        02640 
CQA Manual     Attached 

 
3. Manufacturers Qualifications: 

 
The manufacturer shall be a UL listed shop for industrial control systems and 
shall provide evidence of such on request from the Engineer or Owner. 
 

4. Warranty: 
 

All equipment shall be warranted by the manufacturer against defects in material, 
installation, and workmanship for a period of one year.  Warranties shall become 
effective (initiate) upon successful system start-up by the manufacturer’s 
representative as required in this section. 

 
B. MATERIALS 
 

1. General: 
 

The materials supplied under these Specifications shall consist of new, first-

Leachate Pumps And Controls:  Leachate pumps will be used to pump leachate from the 
landfill sumps to the leachate storage tanks.  Also included in this section is the sump pump to 
be installed in the leachate force main valve box assembly. 
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quality products designed and manufactured specifically for the purpose of this 
work, which shall have been satisfactorily demonstrated, by prior use, to be 
suitable and durable for such purposes. 

 
2. Leachate Sump and Side Risers: 

 
The leachate sump and side risers shall be fabricated to the dimensions shown on 
the Contract Drawings and the side risers shall be in accordance with Section 
02614, HDPE Pipe, of these Specifications.  The Contractor and pump supplier 
shall verify that the selected pumps will fit within the dimensions of the side 
risers with an adequate factor of safety to account for internal pipe diameter, 
bends, fusion beads, etc. 

 
3.  Leachate Force Main Valve Box Assembly: 

 
The leachate force main valve box assembly shall be fabricated to the dimensions 
shown on the Contract Drawings and shall be in accordance with Section 02608, 
Precast Concrete Structures, of these Specifications. 

 
4.  Leachate Pumps: 

 
a.  General: 

 
The pumps shall be capable of the pumping conditions listed in Table 1 of 
this section.  The pumps shall be suitable for vertical or side slope riser 
installations as shown on the Contract Drawings. 

 
b.  Design: 

 
Each pump shall be capable of pumping leachate.  A transmitter mount 
shall be welded to the pump for liquid level control.  The pump shall 
permit the unit to “pump down” to within 12 inches of the sump or wet 
well bottom without any loss of performance or damage to the pump.  
External “priming” or “pump down” systems shall not be allowed.  The 
pump shall be equipped with a vent valve to assist with the evacuation of 
air from the pump. 

 
c.  Materials: 

 
Major components shall be made of 300 series stainless steel, seal rings 
and bearings shall be made of Teflon.  In addition, all fasteners shall be 
300 series stainless steel. 

 
d.  Check Valve: 

 
Each pump shall include a built-in check valve, with housing and disc of 
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300 series stainless steel and check valve seat of Teflon. 
 

e.  Shaft: 
 

The shaft shall be of 300 series stainless steel and rotate on Teflon 
bearings which are product lubricated. 

 
f.  Diffuser Chamber: 

 
The diffuser chambers for each impeller shall be of 300 series stainless 
steel and they shall be fitted with Teflon impeller seal rings. 

 
g.  Impellers: 

 
The impeller(s) shall be closed and consist of 300 series stainless steel.  

 
h.  Motor: 

 
The motor shall be a submersible, hermetically sealed Franklin (or 
approved equal) motor in 300 series stainless steel construction.  The 
motor shall be designed for continuous duty, capable of sustaining up to 
100 starts per day.  The motor shall be connected to the pump via a motor 
adaptor and coupling in 300 series stainless steel.  Single phase motors 
shall have thermal protection in the motor windings to protect the 
windings from over-load.  The unit will restart automatically after the 
motor cools down.  Three phase motors shall have thermal protection 
located in the control panel which is to be manually reset. 

 
i.  Motor Lead Wire: 

 
The lead wire shall be no-splice with a waterproof and chemically 
resistant insulation and shall be of the length required for each pump to be 
installed. 
 

j.  Equipment Identification: 
 

Each pump shall be provided with a substantial stainless steel nameplate, 
securely fastened in a conspicuous place and clearly inscribed with the 
manufacturer's name, year of manufacture, serial number, and principal 
rating data.  Nameplate data shall include the rating in gallons per minute, 
rated head, speed, and efficiency. 

 
5. Guide Rails and Brackets and Lifting Cables: 

 
Guide rails and brackets for vertical installations shall be as recommended by the 
pump manufacturer and shall include a disconnect system for ease in installation 
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and service.  Brackets shall be suitably supported on the discharge pipe and/or 
wall of the wet well such that the alignment and stability of the guide rails are 
maintained during pump removal.  Lifting cables for side slope riser installations 
shall be stainless steel and of sufficient length and strength to raise the pump unit. 

 
6. Electrical and Controls: 

 
a. General: 

 
The control system shall be designed to operate the required number of 
pumps specified on the Contract Drawings. 

 
The control system shall function as described below.  The equipment 
listed below is a guide and does not relieve the supplier from supplying a 
system that will function as required. 

 
b. Enclosure: 

 
The enclosure shall be a NEMA 4X rated steel enclosure.  The enclosure 
shall be a pole mount type with a minimum depth sized to adequately 
house all of the components.  The door shall open a minimum of 180 
degrees. 

 
c. Inner Dead Front Door: 

 
A polished aluminum dead front shall be mounted on a continuous aircraft 
type hinge and shall contain cutout for mounted equipment and provide 
protection of personnel from live internal wiring.  Cutouts for breaker 
handles shall be provided to allow operation of breakers without entering 
the compartment.  All control switches, indicator pilot lights, elapsed time 
meters, duplex receptacle, and other operational devices shall be mounted 
on the external surface of the dead front.  The dead front shall open a 
minimum of 150 degrees to allow access to equipment for maintenance.  
A ¾ inch break shall be formed around the perimeter of the dead front to 
provide rigidity. 

 
d. Back Plate: 

 
The back plate shall be manufactured of 14 gauge steel and be finished 
with a primer coat and two (2) coats of baked on white enamel.  All 
hardware mounted to the subpanel shall be accomplished with machine 
thread tapped holes.  Sheet metal screws are not acceptable. All devices 
shall be permanently identified. 
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e. Power Distribution: 
 

The panel power distribution shall include all necessary components and 
be completely wired with stranded copper conductors rated at 90 C.  All 
conductor terminations shall be as recommended by the device 
manufacturer. 

 
f. Circuit Breakers: 

 
All circuit breakers shall be heavy duty thermal magnetic or motor circuit 
protectors similar and equal to Square D type FAL.  Each motor breaker 
shall be adequately sized to meet the pump motor operating characteristics 
and shall have a minimum of 10,000 amps interrupting capacity for 230 
VAC and 22,000 amps at 480 VAC.  The control circuit and the duplex 
receptacle shall individually be controlled by heavy duty breakers. 

 
Circuit breakers shall be indicating type, providing "On-Off-Trip" 
positions of the operating handle.  When the breaker is tripped 
automatically, the handle shall assume a middle position indicating "Trip". 

 
Thermal magnetic breakers shall be quick-make and quick-break on 
manual and automatic operation and have inverse time characteristics 
secured through the use of bimetallic tripping elements supplemented by a 
magnetic trip. 

 
Breakers shall be designed so that an overload on one pole automatically 
trips and opens all legs.  Field installed handle ties shall not be acceptable. 

 
g. Motor Starters: 

 
Motor starters shall be open frame, across the line, NEMA rated with 
individual overload protection in each leg.  Motor starter contact and coil 
shall be replaceable from the front of the starter without removing from its 
mounted position.  Overload heaters shall be block type, utilizing melting 
alloy spindlers and shall have visual trip indication.  Overload shall be 
sized for the full load amperage draw of the pumps.  Adjustable type 
overloads, definite purpose contactors, fractional size starters and 
horsepower rated contactors or relays shall not be acceptable. 

 
h. Transformers: 

 
Control Transformers shall be provided to provide the 120 VAC and/or 24 
VAC for control circuits.  Transformers shall be fused on the primary and 
secondary circuits.  The secondaries shall be grounded. 
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i. Lightning-Transit Protection: 
 

A lightning-transit protector with tell-tale warning lights on each phase to 
indicate loss of protection on the individual phases shall be provided.  The 
device shall be solid state with a response time of less than 5 nanoseconds 
withstanding surge capacity of 6,500 amperes.  Unit shall be instant 
recovery, long life, and have no holdover currents. 

 
j. Phase Monitor: 

 
A line voltage rated, adjustable phase monitor shall be installed to sense 
low voltage, loss of power, reversed phasing, and loss of a phase.  Control 
circuit shall deenergize upon sensing any of the faults and shall 
automatically restore service upon return to normal power. 

 
k. Alarm System: 

 
The alarm light shall be a weatherproof-shatterproof red light fixture with 
a 40 watt bulb to indicate alarm conditions.  The alarm light shall be 
turned on by the alarm level. 

 
l. Level Controls: 

 
Each pump shall be equipped with a liquid level control.  The level control 
shall be as recommended by the pump manufacturer.  A control meter 
shall be provided for each pump’s level control and shall be mounted on 
the inner door of the control panel.  Control meters shall provide digital 
read-out and have the capability to monitor and maintain pumping 
operations and at least two other level signals.  Level controls shall be 
accurate to within 0.1 inch. 

 
m. Control System Operation: 

 
The control system shall provide for the automatic and manual control and 
alternation of the pumps to maintain a pumped down condition of the wet 
well or sump.  Levels shall be sensed by level controls adjusted to the 
levels depicted on the Contract Drawings.  The level controls shall sense 
the “Off”, “Lead”, “Lag” and “Alarm” levels.  As the level in the wet well 
or sump rises, the lead pump shall start and pump to the “Off” position.  In 
the event the incoming flow exceeds the capacity of the lead pump, the lag 
pump shall start and both pumps shall run to the “Off” level.  The 
alternator shall switch lead pumps when the “Off” level is reached.  If the 
level continues to rise, alarm functions shall be excited and the alternate 
lag pump shall start.  The control system shall include but not be limited 
to the ancillary equipment listed below. 
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n.  Flow Meters: 
 

Flow meters shall be installed where shown on the Contract Drawings.  
Each flow meter shall be the electromagnetic type capable of true 
volumetric measurement.  Each flow meter shall register total product 
flow and record totalized flow rate and shall be integrated into the pump 
control system.  Flow meters shall have flanged connections and be 
constructed of materials compatible with leachate.  Flow meters shall have 
the following characteristics: 

 
(1)  Accuracy to  + 0.25% of Rate 
(2)  Intelligent Micro-processor Based Transmitter 
(3)  Pressure Limits from Full Vacuum to 200 psi 
(4)  Temperature Limits to 250 F 
(5)  NEMA 4X Environmental Rating 
(6)  Accidental and Total Submergence Protection. 

 
Flow meters shall be as manufactured by SeaMetrics, Foxboro, Badger, 
ABB, or approved equal. 

 
Valve boxes for flow meters shall be as shown on the Contract Drawings.  
Valve boxes shall be approved by the Engineer prior to installation. 

 
o. Intrinsic Safe Controller: 

 
The controller system shall be a UL listed control unit consisting of a 
plug-in programmed solid state controller.  The controller shall include the 
following listed functions: 

 
Duplex System: 

 
(1) Alternator 
(2) Hand-Off-Auto (HOA) Switches 
(3) Time Delay Relays 
(4) Alternator Selector Switch 
(5) Float Indicating LED's 
(6) Output Led's 
(7) Alternator Test Switch 

 
All AC inputs and outputs shall be transient protected to eliminate 
introduced transients by inductive loads.  The controller shall be UL listed 
as a control device with intrinsically safe output level of 630 microwatts at 
5 VDC applied to the float regulators assuring adherence to UL 913 
publication for Division 1, Class 1, intrinsically safe apparatus. 

 
 



  
Davidson County MSW Landfill Specifications 
May 2012   LEACHATE PUMPS AND CONTROLS  Page 11314-8 

p. Ancillary Equipment: 
 

The ancillary equipment listed below shall be provided unless otherwise 
indicated: 

 
(1) HOA Switches:  A three position HOA Switch shall be 

provided for each pump.  The switch shall be NEMA 4X 
rated with 10 Amp contacts.  A position indicating legend 
plate shall be provided.  The HOA switches shall be 
mounted on the inner dead front door. 

 
(2) Run Indicators:  A green LED run pilot indicator shall be 

mounted on the dead front door for each pump. 
 

(3) Elapsed Time Meter:  An elapsed time meter shall be 
mounted on the dead front door for each pump.  The meter 
shall operate on 120 VAC, shall indicate in hours (6 digits) 
and tenths and shall be non-resetable. 

 
q.  Drawings:   

 
A final as-built drawing encapsulated in mylar shall be attached to the 
inside of the front door.  A list of all legends shall be included. 

 
r.  Panel Markings:  

 
All component parts in the control panel shall be permanently marked and 
identified as they are indicated on the drawing.  Marking shall be on the 
back plate adjacent to the component.  All control conductors shall be 
identified with wire markers at each end as close as practical to the end of 
conductor termination. 

 
s.  Breakout Junction Boxes: 

 
A breakout junction box shall be provided and installed for each set of 
motor leads or sensor wires exiting a side riser or manhole in order to 
provide a gas-tight seal and for convenient disconnection for maintenance. 
 Breakout junction boxes shall have the following characteristics: 

 
(1)  NEMA 4X fiberglass enclosure 
(2)  Minimum size:  10 inches x 8 inches x 6 inches deep 
(3)  Weatherproof exit hub with FNPT connection 
(4)  Explosion proof gas seal-off fitting suitable for vertical or 

horizontal installation with pipe nipple 
(5)  Sealing compound to make vapor-tight seal 
(6)  Dryer tube and bellows to seal out moisture from level 
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sensor. 
 

Breakout junction boxes shall be as manufactured by EPG Companies, or 
approved equal. 

 
7. Gauges: 

 
Gauges shall be furnished and installed under this section.  All gauges shall be the 
Bourdon tube type with a black phenolic case conforming to NEMA 4 
requirements and a 2½ inch diameter dial face.  Gauge windows shall be 
constructed of a shatterproof glass.  The gauge dial shall have black scale 
markings on a white background evenly spaced over a 270 degree arc.  Gauges 
shall be provided on the discharge of the submersible pumps in a location as 
directed by the Engineer. 

 
Each gauge installation shall include a diaphragm seal with flushing connection 
and a ½ inch 300 series stainless steel shutoff cock.  The diaphragm seal shall be 
designed for continuous duty and the diaphragm shall be constructed of 300 series 
stainless steel with a silicone fill liquid.  The diaphragm seal body shall be 
constructed of carbon steel with a ½ inch, minimum, threaded connection on the 
process side and a ¼ inch, minimum, threaded connection on the gauge side. 
 
Discharge gauges shall be graduated in psi from zero to approximately 25% 
above the respective pump shutoff head. 

 
The Contractor shall coordinate with the various pump manufacturers so that all 
gauges are supplied by one gauge manufacturer.  Gauges shall be as manufactured 
by Ashcroft Gauge, Division of Dresser Industries, U.S. Gauge Division of 
Ametek, or equal. 

 
8. Sump Pump: 

 
One (1) automatic submersible sump pump, with a rated capacity of ten (10) gpm 
at ten (10) feet TDH shall be installed in the leachate force main valve box 
assembly.  The sump pump shall be complete with a fractional horsepower motor, 
oil filled and hermetically sealed, designed to operate at 1,800 rpm, on a 120 volt, 
single phase, AC power source and draw no more than 4.2 amps.  A Buna-N shaft 
seal shall prohibit the pumped fluid from entering the motor housing.  The pump 
body shall be constructed of aluminum and polypropylene and the motor casing 
shall be cast aluminum.  The impeller shall be of polypropylene plastic and 
affixed to a 300 series stainless steel shaft.  The sump pump will be “clog-proof” 
energy efficient design with built in thermal protection.  There shall also be 
included as an entering component of the pump, a built-in check valve on the 
discharge.  The sump pump shall operate within an approximately 3.5 inch range 
turning on at approximately five (5) inches and off at approximately 2.5 inches of 
depth. 
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The sump pump discharge piping shall be welded HDPE.  The discharge piping 
system will be complete with a union connection located on the upper and lower 
halves of the discharge line.  A PVC ball valve shall be installed on the discharge 
side of the check valve to enable maintenance of check valve without draining 
entire sump discharge line.  Pump shall discharge into one of the HDPE side 
risers at a location acceptable to the Engineer and Owner. 

 
C. SUBMITTALS 
 

The Contractor shall submit the following to the Engineer: 
 

1. The Contractor shall submit shop drawings for the Leachate Pumps And Controls 
for approval at least 4 weeks prior to construction. 

 
2. Operation and maintenance manuals shall be provided for all the equipment 

specified in this section. 
 

3.  The pump supplier shall submit documentation that the pumps will work with this 
application and provide certified performance curves. 

 
4.  The Contractor shall submit the manufacturer’s warranty for each pump supplied. 

 
D. CONSTRUCTION 
 

1. Installation: 
 

The Leachate Pumps And Controls shall be constructed as shown on the Contract 
Drawings and with the manufacturer’s standard dimensions and tolerances for the 
pumps specified. 

 
2. System Start-Up: 

 
The Contractor shall provide the services of the pump, control, and alarm system 
manufacturer's representatives to check the installation, make adjustments, and 
place the equipment in operation.  Provide a minimum of two (2) eight hour days 
on-site for start-up, checks of the system, and supervision of any adjustments. 

 
The system start-up shall be conducted in the presence of the Contractor, 
manufacturer’s representative, the Engineer, and the Owner and shall not be 
considered complete until written acceptance is provided by the Engineer. 

 
During system start-up, all panels shall be tested to the necessary power 
requirements to assure proper operation of all the components.  Each control 
function shall be activated to check for proper indication. 
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TABLE 1: PUMP REQUIREMENTS 
 

 
PROPERTY LEACHATE 

PUMPS 
 
Quantity 2 
 
Model Leachator LPS060 MSTG 3X 050-07, or equal 
 
Capacity (gpm) 50 
 
Total Head (feet) 150 
 
Shutoff Head (feet) 205 
 
Horsepower 5 
 
Voltage 
 

230-460V/3 Phase/60 Hz 

 
 

END OF SECTION 
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 SECTION 1.0 
 GENERAL 
 
1.1 INTRODUCTION 
 
This Construction Quality Assurance (CQA) Manual has been prepared to provide the Owner, 
(Design) Engineer, and CQA Engineer the means to govern the construction quality and to 
satisfy landfill certification requirements under current solid waste management regulations. 
 
More specifically, this CQA Manual addresses the soils and geosynthetics components of the 
liner system, the leachate management system, and the final cover system.  The liner system, as 
referenced herein, consists of a soil subgrade and a composite liner (consisting of a soil liner and 
an overlying GCL (alternative liner system only) and HDPE geomembrane).  The leachate 
management system consists of a leachate collection system (LCS) and a leachate transmission 
and storage system.  The final cover system consists of a landfill gas (LFG) system, LLDPE 
geomembrane, overlying granular and geosynthetic drainage material with collection piping, and 
overlying vegetative soil layer. 
 
The CQA Manual is divided into the following sections: 
 

 Section 1.0 General 
 Section 2.0 CQA Documentation 
 Section 3.0 Earthwork CQA 
 Section 4.0 Soil Liner CQA 
 Section 5.0 Geomembrane CQA 
 Section 6.0 Leachate Management System CQA 
 Section 7.0 Geotextile CQA 
 Section 8.0 Drainage Geocomposite CQA 
 Section 9.0 Geosynthetic Clay Liner CQA 
 Section 10.0 Final Cover System CQA 

 
1.2 DEFINITIONS RELATING TO CONSTRUCTION QUALITY 
 

1.2.1 Construction Quality Assurance (CQA) 
 

In the context of this Manual, Construction Quality Assurance is defined as a planned and 
systematic program employed by the Owner to assure conformity of the liner, leachate 
management, and final cover systems installation with the project drawings and the project 
specifications.  CQA is provided by the CQA Engineer as a representative of the Owner 
and is independent from the Contractor and all manufacturers.  The CQA program is 
designed to provide adequate confidence that items or services meet contractual and 
regulatory requirements and will perform satisfactorily in service. 
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1.2.2 Construction Quality Control (CQC) 
 

Construction Quality Control refers to actions taken by manufacturers, fabricators, 
installers, and/or the Contractor to ensure that the materials and the workmanship meet the 
requirements of the project drawings and the project specifications.  The manufacturer's 
specifications and quality control (QC) requirements are included in this CQA Manual by 
reference only.  A complete updated version of each geosynthetic component 
manufacturer's QC Plan shall be incorporated as part of the Contractor's CQC Plan. 

 
1.2.3 CQA Certification Document 

 
At the completion of construction, a certification document will be prepared by the CQA 
Engineer and submitted to State Solid Waste Regulators.  The certification report will 
include documentation of all QC testing performed by the Geosynthetics Manufacturers, all 
CQC testing performed by the Geosynthetic Installers, and all CQA testing performed by 
the CQA Engineer. 

 
1.2.4 Discrepancies Between Documents 

 
The Contractor is instructed to bring discrepancies to the attention of the CQA Engineer 
who shall then notify the Engineer for resolution.  The Engineer has the sole authority to 
determine resolution of discrepancies existing within the Contract Documents (this may 
also require the approval of State Solid Waste Regulators).  Unless otherwise determined 
by the Engineer, the more stringent requirement shall be the controlling resolution. 

 
1.3 PARTIES TO CONSTRUCTION QUALITY ASSURANCE 
 

1.3.1 Description of the Parties 
 

The parties to Construction Quality Assurance and Quality Control include the Owner, 
Engineer, Contractor, Geosynthetics Manufacturer, Geosynthetics Installer, CQA Engineer, 
Geosynthetics CQA Laboratory, and Soils CQA Laboratory. 

 
1.3.1.1 Owner 

 
The Owner is Davidson County, NC who owns and/or is responsible for the facility. 

 
1.3.1.2 Engineer 
 
The Engineer is responsible for the engineering design, drawings, and project 
specifications for the liner, leachate management, and final cover systems.  The 
Engineer is an official representative of the Owner.  The Engineer serves as 
communications coordinator for the project, initiating the meetings outlined in 
Section 1.7.  The Engineer will also be responsible for proper resolution of all 
quality issues that arise during construction.  The Engineer is Richardson Smith 
Gardner & Associates, Inc. 



  
Davidson County MSW Landfill   CQA Manual 
May 2012 GENERAL  Page 1.0-3 

1.3.1.3 Contractor 
 

The Contractor is responsible for the construction of the subgrade, earthwork, and 
for placement of the liner, leachate management, and final cover systems.  The 
Contractor is responsible for the overall CQC on the project and coordination of 
submittals to the CQA Engineer.  Additional responsibilities of the Contractor are 
defined by the project specifications. 

 
1.3.1.4 Geosynthetics Manufacturer 

 
The Geosynthetics Manufacturer(s) is (are) responsible for the production of the 
geosynthetic components used in landfill construction.  The Manufacturer(s) is (are) 
responsible for Quality Control (QC) during manufacture of the geosynthetic 
components, certification of the properties of the geosynthetic components, and 
field installation criteria. 

 
1.3.1.5 Geosynthetics Installer 

 
The Geosynthetics Installer(s) is (are) routinely a subcontractor of the Contractor 
and is (are) responsible for field handling, storing, placing, seaming, protection of  
(against wind, etc.), and other aspects of the geosynthetics installations.  The 
Installer may also be responsible for transportation of these materials to the site, 
and for the preparation and completion of anchor trenches. 

 
1.3.1.6 CQA Engineer 

 
The CQA Engineer is a representative of the Owner, is independent from the 
Contractor, and is responsible for observing, testing, and documenting activities 
related to the CQA of the earthworks at the site, and the installation of the soil and 
geosynthetic components of the liner, leachate management, and final cover 
systems.  The CQA Engineer may make field observations and review submittals 
for the Engineer and is responsible for notifying the Owner and Engineer of all 
quality issues that arise during construction.  The CQA Engineer is also responsible 
for issuing a facility certification report, sealed by a Professional Engineer 
registered in The State of North Carolina. 

 
1.3.1.7 Geosynthetics CQA Laboratory 
 
The Geosynthetics CQA Laboratory is a party, independent from the Owner, that is 
responsible for conducting tests on conformance samples of geosynthetics used in 
the liner, leachate management, and final cover systems.  The Geosynthetics CQA 
Laboratory service cannot be provided by any party involved with the manufacture, 
fabrication, or installation of any of the geosynthetic components.  The services of 
the Geosynthetics CQA Laboratory are coordinated by the CQA Engineer and are 
paid for by the Owner. 
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1.3.1.8 Soils CQA Laboratory 
 

The Soils CQA Laboratory is a party, independent from the Owner, that is 
responsible for conducting geotechnical tests on conformance samples of soils and 
aggregates used in structural fills and the liner, leachate management, and final 
cover systems.  The services of the Soils CQA Laboratory are coordinated by the 
CQA Engineer and are paid for by the Owner. 

 
1.3.2 Qualifications of the Parties 

 
The following qualifications are required of all parties involved with the manufacture, 
fabrication, installation, transportation, and CQA of all materials for the liner, leachate 
management, and final cover systems.  Where applicable, these qualifications must be 
submitted by the Contractor to the Owner and Engineer for review and approval. 

 
1.3.2.1 Contractor 

 
Qualifications of the Contractor are specific to the construction contract and 
independent of this CQA Manual. 

 
1.3.2.2 Geosynthetics Manufacturers 

 
Each Geosynthetics Manufacturer must satisfy the qualifications presented in the 
project specifications. 

 
1.3.2.3 Geosynthetic Installer(s) 

 
The Geosynthetic Installer(s) will be trained and qualified to install the 
geosynthetics components of the liner, leachate management, and final cover 
systems.  Each Geosynthetics Installer must meet the requirements of the project 
specifications and be approved by the Engineer.  The Geomembrane Installer must 
be approved by the Geomembrane Manufacturer. 

 
1.3.2.4 CQA Engineer 

 
The CQA Engineer will act as the Owner’s Quality Assurance Representative.  The 
CQA Engineer will perform CQA testing to satisfy the requirements of this CQA 
Manual and will prepare the CQA certification document.  The CQA Engineer will 
have experience in the CQA aspects of the construction and testing of landfill liner, 
leachate management, and final cover systems, and be familiar with ASTM and 
other related industry standards.  The activities of the CQA Engineer will be 
performed under the supervision of a Registered Professional Engineer.  
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1.3.2.5 Geosynthetics CQA Laboratory 
 

The Geosynthetics CQA Laboratory should be certified by the Geosynthetics 
Accreditation Institute, will have experience in testing geosynthetics, and be 
familiar with ASTM, GRI, and other applicable test standards.  The Geosynthetics 
CQA Laboratory will be capable of providing test results within 24 hours or a 
reasonable time after receipt of samples depending on the test(s) to be conducted, as 
agreed to at the outset of the project by affected parties, and will maintain that 
standard throughout the installation. 

 
1.3.2.6 Soils CQA Laboratory 

 
The Soils CQA Laboratory will have experience in testing structural fills, soil 
liners, and aggregates, and be familiar with ASTM and other applicable test 
standards.  The Soils CQA Laboratory will be capable of providing test results 
within 24 hours or a reasonable time after receipt of samples depending on the 
test(s) to be conducted, as agreed to at the outset of the project by affected parties, 
and will maintain that standard throughout the installation. 

 
1.4 SCOPE OF CONSTRUCTION QUALITY ASSURANCE MANUAL 
 
The scope of this CQA Manual includes the CQA of the soils and geosynthetic components of 
the liner, leachate management, and final cover systems for the subject facility.  The CQA for the 
selection, evaluation, and placement of the soils is included in the scope. 
 
1.5 UNITS 
 
In this CQA Manual, all properties and dimensions are expressed in U.S. units. 
 
1.6 REFERENCES 
 
The CQA Manual includes references to the most recent version of the test procedures of the 
American Society of Testing and Materials (ASTM) and/or the Geosynthetic Research Institute 
(GRI).  Appendix A contains a list of these procedures. 
 
1.7 CQA MEETINGS 
 
To facilitate the specified degree of quality during installation, clear, open channels of 
communication are essential.  To that end, meetings are critical. 
 

1.7.1 Soil Liner CQA Meeting 
 
Prior to the start of the soil liner system construction a CQA Meeting will be held.  This 
meeting will include all parties then involved, including the Engineer, the CQA Engineer, 
and the Contractor. 
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The purpose of this meeting is to begin planning for coordination of tasks, anticipate any 
problems which might cause difficulties and delays in construction, and, above all, review 
the CQA Manual to all of the parties involved.  It is very important that the rules regarding 
testing, repair, etc., be known and accepted by all. 

 
This meeting should include all of the activities referenced in the project specifications. 

 
The meeting will be documented by the Engineer and minutes will be transmitted to all 
parties.  The Soil Liner CQA Meeting and the Geosynthetics CQA Meeting may be held as 
one meeting or separate meetings, depending on the direction of the Engineer. 

 
1.7.2 Geosynthetics CQA Meeting 

 
A CQA Meeting will be held at the site prior to placement of the geosynthetics.  At a 
minimum, the meeting will be attended by the Engineer, the CQA Engineer, the 
Contractor, and the Geosynthetic Installation Superintendent(s). 

 
The purpose of this meeting is to begin planning for coordination of tasks, anticipate any 
problems which might cause difficulties and delays in construction, and, above all, review 
the CQA Manual to all of the parties involved.  It is very important that the rules regarding 
testing, repair, etc., be known and accepted by all. 

 
This meeting should include all of the activities referenced in the project specifications. 

 
The meeting will be documented by the Engineer and minutes will be transmitted to all 
parties.  The Soil Liner CQA Meeting and the Geosynthetics CQA Meeting may be held as 
one meeting or separate meetings, depending on the direction of the Engineer. 

 
1.7.3 CQA Progress Meetings 

 
Progress meetings will be held between the Engineer, the CQA Engineer, the Contractor, 
the Geosynthetic Installation Superintendent(s), and representatives from any other 
involved parties at the frequency dictated in the project specifications or, at a minimum, 
once per month during active construction.  These meetings will discuss current progress, 
planned activities for the next week, and any new business or revisions to the work.  The 
CQA Engineer will log any problems, decisions, or questions arising at this meeting in his 
daily or periodic reports.  Any matter requiring action which is raised in this meeting will 
be reported to the appropriate parties.  These meetings will be documented by the Engineer 
and minutes will be transmitted to affected parties. 

 
1.7.4 Problem or Work Deficiency Meetings 
 
A special meeting will be held when and if a problem or deficiency is present or likely to 
occur.  At a minimum, the meeting will be attended by the Engineer, the CQA Engineer, 
the Contractor, and representatives from any other involved parties.  The purpose of the 
meeting is to define and resolve the problem or work deficiency as follows: 



  
Davidson County MSW Landfill   CQA Manual 
May 2012 GENERAL  Page 1.0-7 

 
 define and discuss the problem or deficiency; 
 review alternative solutions; and 
 implement an action plan to resolve the problem or deficiency. 

 
The meeting will be documented by the Engineer and minutes will be transmitted to 
affected parties. 

 
1.8 CONTROL VERSUS RECORD TESTING 
 

1.8.1 Control Testing 
 

In the context of this CQA Manual, Control Tests are those tests performed on a material 
prior to its actual use in construction to demonstrate that it can meet the requirements of the 
project plans and specifications.  Control Test data may be used by the Engineer as the 
basis for approving alternative material sources. 

 
1.8.2 Record Testing 

 
Record Tests are those tests performed during the actual placement of a material to 
demonstrate that its in-place properties meet or exceed the requirements of the project 
drawings and specifications. 
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 SECTION 2.0 
 CQA DOCUMENTATION 
 
2.1 DOCUMENTATION 
 
An effective CQA plan depends largely on recognition of construction activities that should be 
monitored and on assigning responsibilities for the monitoring of each activity.  This is most 
effectively accomplished and verified by the documentation of quality assurance activities.   The 
CQA Engineer will document that quality assurance requirements have been addressed and 
satisfied. 
 
The CQA Engineer will provide the Owner and Engineer with his daily and progress reports 
including signed descriptive remarks, data sheets, and logs to verify that required CQA activities 
have been carried out.  These reports will also identify potential quality assurance problems.  
The CQA Engineer will also maintain at the job site a complete file of project drawings, reports, 
project specifications, a CQA Manual, checklists, test procedures, daily logs, and other pertinent 
documents. 
 
2.2 DAILY CQA REPORT 
 
The CQA Engineer's reporting procedures will include preparation of a daily report which, at a 
minimum, will include the following information, where applicable: 
 

 a unique identifying sheet number for cross referencing and document control; 
 
 date, project name, location, and other identification; 

 
 data on weather conditions; 

 
 a reduced scale Site Plan showing all proposed work areas and test locations; 

 
 descriptions and location of ongoing construction; 

 
 descriptions and specific locations of areas, or units, of work being tested and/or 

observed and documented; 
 

 locations where tests and samples were taken; 
 

 a summary of test results; 
 

 calibrations or recalibrations of test equipment, and actions taken as a result of 
recalibration; 

 
 off-site materials received, including quality verification documentation; 
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 decisions made regarding acceptance of units of work, and/or corrective actions to 
be taken in instances of substandard quality; 

 
 summaries of pertinent discussions with the Contractor and/or Geosynthetic 

Installers; and 
 

 the CQA Engineer’s signature. 
 

The daily report must be completed at the end of each day.  This information will be 
submitted to the Engineer for review on a routine basis and to the Owner upon request. 

 
2.3 CQA PROGRESS REPORTS 
 
The CQA Engineer will prepare summary progress reports at time intervals as requested by the 
Engineer or Owner or upon a total project shutdown.  As a minimum, this report will include the 
following information for the reporting period, where applicable: 
 

 a summary of work activities performed; 
 

 a summary of construction situations, deficiencies, and/or defects; 
 

 summary of all test results, failures, and retests;  
 

 a compilation of daily CQA reports; and 
 

 the CQA Engineer’s signature. 
 
Critical problems that occur will be communicated verbally to the Engineer immediately as well 
as being included in the progress reports. 
 
2.4 CQA PHOTOGRAPHIC REPORTING 
 
Photographs will be taken by the CQA Engineer at regular intervals during the construction 
process and in all areas deemed critical by the CQA Engineer.  These photographs will serve as a 
pictorial record of work progress, problems, and mitigation activities.  Videotaping may be used 
to supplement photographs in the documentation of work progress, problems, and/or mitigation 
activities.  These records will be presented to the Engineer upon completion of the project. 
 
 
 
 
 
 
 
 



  
Davidson County MSW Landfill   CQA Manual 
May 2012 CQA DOCUMENTATION  Page 2.0-3 

2.5 DEFICIENCIES 
 
The Owner and Engineer will be made aware of any significant recurring non-conformance with 
the project specifications.  The Engineer will then determine the cause of the non-conformance 
and recommend appropriate changes in procedures or specification.  When this type of 
evaluation is made, the results will be documented, and any revision to procedures or project 
specifications will be approved by the Owner and Engineer. 
 
2.6 DESIGN AND/OR PROJECT TECHNICAL SPECIFICATION CHANGES 
 
Design and/or project specification changes may be required during construction.  In such cases, 
the CQA Engineer will notify the Engineer.  The Engineer will then notify the appropriate 
agency, if necessary. 
 
Design and/or project specification changes will be made only with the written agreement of the 
Engineer, and will take the form of an addendum to the project specifications.  All design 
changes will include a detail (if necessary) and state which detail it replaces in the plans. 
 
2.7 FINAL CQA REPORT 
 
At the completion of each major construction activity at the landfill unit, the CQA Engineer will 
certify all required forms, observation logs, field and laboratory testing data sheets including 
sample location plans, etc.  The CQA Engineer will also provide a final report which will certify 
that the work has been performed in compliance with the plans and project technical 
specifications, and that the supporting documents provide the necessary information. 
 
The CQA Engineer will also provide summaries of all the data listed above with the report.  The 
Record Drawings will include scale drawings depicting the location of the construction and 
details pertaining to the extent of construction (e.g., depths, plan dimensions, elevations, soil 
component thicknesses, etc.).  All surveying and base maps required for development of the 
Record Drawings will be done by the Contractor’s Construction Surveyor.  These documents 
will be certified by the Contractor and delivered to the CQA Engineer and included as part of the 
final CQA (Certification) report. 
 
It may be necessary to prepare interim certifications, as allowed by the regulatory agency, to 
expedite completion and review. 
 
At a minimum, the items shown in Table 2.1 will be included in the Final CQA Report.  Note 
that some items may not be applicable to all projects. 
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2.8 STORAGE OF RECORDS 
 
All handwritten data sheet originals, especially those containing signatures, will be stored by the 
CQA Engineer in a safe repository on site.  Other reports may be stored by any standard method 
which will allow for easy access.  All written documents will become property of the Owner. 
 
 
TABLE 2.1A:  FINAL CQA REPORT GENERAL OUTLINE (LINER SYSTEM) 
 

1.0  Introduction 
2.0  Project Description 
3.0  CQA Program 

3.1 Scope of Services 
3.2 Personnel 

4.0  Earthwork CQA 
5.0  Soil Liner CQA 
6.0  GCL CQA 
7.0  Geomembrane CQA 
8.0  Leachate Management System CQA 
9.0  Geotextile CQA 
10.0  Drainage Geocomposite CQA 
11.0  Summary and Conclusions 
12.0  Project Certification 

 
Appendices 

 
Appendix A Design Clarifications and Modifications 
Appendix B  Piezometer Abandonment (if applicable) 
Appendix C  Geophysical Investigation (if applicable) 
Appendix D  Rock Blasting (if applicable) 

D1.  Approved Rock Blasting Plan 
D2.  Results of Rock Blasting 

Appendix E  Photographic Documentation 
Appendix F  CQA Reporting 

F1.  CQA Reports 
F2.  CQA Meeting Minutes 

Appendix G  Earthwork CQA Data 
G1.  CQA Test Results - Control Tests 
G2.  CQA Test Results - Record Tests 

Appendix H  Soil Liner CQA Data 
H1.  CQA Test Results - Control Tests 
H2.  CQA Test Results - Record Tests 

Appendix I  Interface Shear Strength Test Data 
Appendix J  GCL CQA Data 

J1.  Manufacturer’s Product Data Submittals and Quality Control 
Certificates 

J2.  Geosynthetics Inventory - GCL 
J3.  CQA Test Results - Material Control Tests 
J4.  GCL Installation Certification 
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TABLE 2.1A (CONTINUED): 
 

Appendix K  Geomembrane CQA Data 
K1.  Manufacturer’s Product Data Submittals and Quality Control 

Certificates 
K2.  Geosynthetics Inventory - Geomembrane(s) 
K3.  CQA Test Results - Material Control Tests 
K4.  Subgrade Acceptance Certificates 
K5.  Trial Seam Logs 
K6.  Panel Placement Logs 
K7.  Panel Seaming Logs 
K8.  CQC Test Results - Nondestructive Seam Testing Report Forms 
K9.  CQC Test Results - Destructive Seam Testing Report Forms 

(Field) 
K10.  CQA Test Results - Destructive Seam Testing Report Forms 

(Laboratory) 
K11.  Repair Logs 
K12.  Geomembrane Installation Certification 

Appendix L  Leachate Management System CQA Data 
L1.  Manufacturer’s Product Data Submittals and Quality Control 

Certificates 
L2.  CQA Test Results - Drainage Aggregate 
L3.  CQA Test Results - Protective Cover 
L4.  CQC Test Results - Pressure Testing of HDPE Transmission 

Piping 
L5.  CQC Test Results - Leak Testing of Precast Concrete Structures 
L6.  Documentation of Pump Start Up 

Appendix M  Geotextile CQA Data 
M1.  Manufacturer’s Product Data Submittals and Quality Control 

Certificates 
M2.  Geosynthetics Inventory - Geotextiles 
M3.  CQA Test Results - Material Control Tests 

Appendix N  Drainage Geocomposite CQA Data 
N1.  Manufacturer’s Product Data Submittals and Quality Control 

Certificates 
N2.  Geosynthetics Inventory - Drainage Geocomposite 
N3.  CQA Test Results - Material Control Tests 

Appendix O  Record Drawings 
O1  Subgrade As-Built 
O2  Soil Liner As-Built 
O3  Geomembrane As-Built(s) 
O4  Leachate Collection Media As-Built 
O5  HDPE Pipe As-Built 
O6  Protective Cover As-Built 
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TABLE 2.1B:  FINAL CQA REPORT GENERAL OUTLINE (FINAL COVER SYSTEM) 
 

1.0  Introduction 
2.0  Project Description 
3.0  CQA Program 

3.1 Scope of Services 
3.2 Personnel 

4.0  Earthwork CQA 
5.0 Final Cover System CQA 
6.0  Geomembrane CQA 
7.0  Geotextile CQA 
8.0  Drainage Geocomposite CQA 
9.0  Summary and Conclusions 
10.0  Project Certification 

 
Appendices 

 
Appendix A  Design Clarifications/Modifications 
Appendix B  Photographic Documentation 
Appendix C  CQA Reporting 

C1.  CQA Reports 
C2.  CQA Meeting Minutes 

Appendix D  Earthwork CQA Data 
D1.  CQA Test Results - Control Tests 
D2.  CQA Test Results - Record Tests 

Appendix E  Final Cover System CQA Data 
E1.  Manufacturer’s Product Data Submittals and Quality Control 

Certificates 
E2.  CQA Test Results - Drainage Aggregate 
E3.  CQA Test Results - Vegetative Soil Layer 
E4.  CQC Test Results - Pressure Testing of HDPE Piping 

Appendix F  Interface Shear Strength Test Data 
Appendix G  Geomembrane CQA Data 

G1.  Manufacturer’s Product Data Submittals and Quality Control 
Certificates 

G2.  Geosynthetics Inventory - Geomembrane 
G3.  CQA Test Results - Material Control Tests 
G4.  Subgrade Acceptance Certificates 
G5.  Trial Seam Logs 
G6.  Panel Placement Logs 
G7.  Panel Seaming Logs 
G8.  CQC Test Results - Nondestructive Seam Testing Report Forms 
G9.  CQC Test Results - Destructive Seam Testing Report Forms 

(Field) 
G10.  CQA Test Results - Destructive Seam Testing Report Forms 

(Laboratory) 
G11.  Repair Logs 
G12.  Geomembrane Installation Certification 
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TABLE 2.1B (CONTINUED): 
 

Appendix H  Geotextile CQA Data 
H1.  Manufacturer’s Product Data Submittals and Quality Control 

Certificates 
H2.  Geosynthetics Inventory - Geotextiles 
H3.  CQA Test Results - Material Control Tests 

Appendix I  Drainage Geocomposite CQA Data 
I1.  Manufacturer’s Product Data Submittals and Quality Control 

Certificates 
I2.  Geosynthetics Inventory - Drainage Geocomposite 
I3.  CQA Test Results - Material Control Tests 

Appendix J  Record Drawings 
J1  Subgrade As-Built 
J2  Geomembrane As-Built 
J3  HDPE Pipe As-Built 
J4  Vegetative Soil Layer As-Built 
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SECTION 3.0 
EARTHWORK CQA 

 
3.1 INTRODUCTION 
 
This section of the CQA Manual addresses earthwork (excavation and embankment) and outlines 
the soils CQA program to be implemented with regard to material approval, subgrade approval, 
field control and record tests, and resolution of problems. 
 
3.2 EMBANKMENT MATERIAL APPROVAL 
 
All material to be used as compacted embankment shall be approved in advance by the CQA 
Engineer.  Approval is based upon successful completion of CQA control testing outlined below. 
 Such testing can be performed either during excavation and stockpiling or from existing 
stockpiles prior to use. 
 

3.2.1 Control Tests 
 

The procedure for CQA testing during excavation and stockpiling (including existing 
stockpiles) is outlined below. 

 
Each load of soil will be examined either at the borrow source or the stockpile area.  Any 
unsuitable material will be rejected or routed to separate stockpiles consistent with its end 
use.  Appropriate entries will be made in the daily log. 

 
During stockpiling operations, control tests, as shown on Table 3.1, will be performed by 
the CQA Engineer prior to placement of any compacted embankment. 

 
3.3 SUBGRADE APPROVAL 
 
The CQA Engineer will verify that the compacted embankment subgrade is constructed in 
accordance with the project specifications. 
 
3.4 EARTHWORK CONSTRUCTION 
 

3.4.1 Construction Monitoring 
 

A. Earthwork shall be performed as described in the project specifications. 
 

B. Only soil previously approved by the CQA Engineer (see Section 3.2) shall be used 
in construction of the compacted embankment.  Unsuitable material will be 
removed prior to acceptance by the CQA Engineer. 

 
C. All required field density and moisture content tests shall be completed before the 

overlying lift of soil is placed.  The surface preparation (e.g. wetting, drying,  
scarification, etc.) shall be completed before the CQA Engineer will allow 
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placement of subsequent lifts. 
 

D. The CQA Engineer will monitor protection of the earthwork during and after 
construction. 

 
3.4.2 Control Tests 

 
The control tests, as shown on Table 3.2, will be performed by the CQA Engineer prior to 
placement of compacted embankment. 

 
3.4.3 Record Tests 

 
The record tests, as shown on Table 3.2, will be performed by the CQA Engineer during 
placement of compacted embankment. 

 
3.4.3.1 Record Test Failure 

 
Recompaction of the failed area shall be performed and retested until the area meets 
or exceeds requirements outlined in the specifications. 

 
3.4.4 Judgmental Testing 

 
During construction, the frequency of control and/or record testing may be increased at the 
discretion of the CQA Engineer when visual observations of construction performance 
indicate a potential problem.  Additional testing for suspected areas will be considered 
when: 

 
 the rollers slip during rolling operation; 
 the lift thickness is greater than specified; 
 the fill material is at an improper moisture content; 
 fewer than the specified number of roller passes are made; 
 dirt-clogged rollers are used to compact the material; 
 the rollers may not have used optimum ballast; 
 the fill materials differ substantially from those specified; or 
 the degree of compaction is doubtful.  

 
3.5 DEFICIENCIES 
 
The CQA Engineer will immediately determine the extent and nature of all defects and 
deficiencies and report them to the Owner and Engineer.  All defects and deficiencies will be 
documented by the CQA Engineer.  The Contractor shall correct defects and deficiencies to the 
satisfaction of the CQA Engineer.  The CQA Engineer will observe all retests on repaired 
defects. 
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TABLE 3.1:  CQA TESTING PROGRAM FOR EMBANKMENT  
   MATERIAL APPROVAL 
 
 

PROPERTY TEST 
METHOD 

MINIMUM TEST 
FREQUENCY 

 
CONTROL TESTS: 
 
Visual Classification ASTM D 2488 Each Soil 
 
Moisture-Density Relationship ASTM D 698 5,000 CY 

per Each Soil 

 
 
TABLE 3.2:  CQA TESTING PROGRAM FOR COMPACTED EMBANKMENT 
 
 

PROPERTY TEST 
METHOD 

MINIMUM TEST 
FREQUENCY 

 
CONTROL TESTS: (See Table 3.1) 
 
RECORD TESTS: 
 
Lift Thickness ----- Each Lift 
 
In-Place Density ASTM D 69381 20,000 ft2 per lift & 

1 per 500 LF/lift of Berms 
(< 200 ft. base width) 

 
Moisture Content ASTM D 69382 20,000 ft2 per lift & 

1 per 500 LF/lift of Berms 
(< 200 ft. base width) 

 

 
Notes: 

 
1. Optionally use ASTM D 1556, ASTM D 2167, or ASTM D 2937.  For every 10 

nuclear density tests perform at least 1 density test by ASTM D 1556, ASTM D 
2167, or ASTM D 2937 as a verification of the accuracy of the nuclear testing 
device. 

2.  Optionally use ASTM D 2216, ASTM D 4643, or ASTM D 4959.  For every 10 
nuclear moisture tests perform at least 1 moisture test by ASTM D 2216, ASTM D 
4643, or ASTM D 4959 as a verification of the accuracy of the nuclear testing 
device. 
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SECTION 4.0 
SOIL LINER CQA 

 
4.1 INTRODUCTION 
 
This section of the CQA Manual addresses the soil liner component of the liner system and/or 
final cover system and outlines the soils CQA program to be implemented with regard to 
material approval, subgrade approval, test fill construction, field and laboratory control and 
record tests, and resolution of problems. 
 
4.2 SOIL LINER MATERIAL APPROVAL 
 
All material to be used as soil liner shall be approved in advance by the CQA Engineer.  
Approval is based upon successful completion of CQA control testing outlined below.  Such 
testing can be performed either during excavation and stockpiling or from existing stockpiles 
prior to use. 
 

4.2.1 Control Tests 
 

The procedure for CQA testing during excavation and stockpiling (including existing 
stockpiles) is outlined below. 

 
Each load of soil will be examined either at the borrow source or the stockpile area.  Any 
unsuitable material will be rejected or routed to separate stockpiles consistent with its end 
use.  Appropriate entries will be made in the daily log. 

 
During stockpiling operations, control tests, as shown on Table 4.1, will be performed by 
the CQA Engineer prior to placement of any soil liner material. 

 
4.3 SUBGRADE APPROVAL 
 
The CQA Engineer will verify that the soil liner subgrade is constructed in accordance with the 
project specifications. 
 
4.4 TEST FILL CONSTRUCTION  
 
A test fill meeting the requirements of the project specifications will be constructed using the 
same construction methods, equipment, and material to be used for the soil liner component.  
The test fill construction will be conducted prior to or coincide with the beginning of 
construction of the soil liner component. 
 
Construction equipment and methods will be reviewed by the CQA Engineer prior to test fill 
placement. 
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4.4.1 Control Tests 
 

The control tests, as shown on Table 4.2, will be performed by the CQA Engineer prior to 
placement of soil liner material in the test fill. 

 
4.4.2 Record Tests 

 
The record tests, as shown on Table 4.2, will be performed by the CQA Engineer during 
placement of soil liner material in the test fill. 

 
4.4.3 Test Fill Completion 

 
The test fill program is completed when the Contractor has shown that the soil liner 
constructed using the same construction methods, equipment, and material to be used in 
construction of the soil liner will satisfy project specifications.  No soil liner can be placed 
until the test fill program is completed. 

 
4.5 SOIL LINER CONSTRUCTION 
 

4.5.1 Construction Monitoring 
 

A. Soil liner shall be placed as described in the applicable section(s) of the project 
specifications using the construction methods, equipment, and material 
demonstrated in the test fill construction. 

 
B. Only soil previously approved by the CQA Engineer (see Section 4.2) shall be used 

in construction of the soil liner.  Unsuitable material will be removed prior to 
acceptance by the CQA Engineer. 

 
C. All required field density and moisture content tests shall be completed before the 

overlying lift of soil is placed.  The surface preparation (e.g. wetting, drying,  
scarification, etc.) shall be completed before the CQA Engineer will allow 
placement of subsequent lifts. 

 
D. The CQA Engineer will monitor protection of the soil liner during and after 

construction. 
 

E. The liner surface shall be sprinkled with water as needed to prevent desiccation.   
Should desiccation occur, the last lift shall be reconstructed in accordance with the 
project specifications.  Standing water should not be present on the soil liner. 

 
F. Frost heave or other damage due to freezing shall require lift reconstruction in 

accordance with the project specifications. 
 
G. The CQA Engineer will inspect the soil liner and certify that it is in accordance 

with the project specifications and approved plans prior to the Contractor beginning 
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installation of overlying geosynthetics. 
 

H. The finished soil liner shall be free of all rock protrusions.  All cracks and voids 
shall be filled and the surface made uniform.  This shall be accomplished by final 
dressing of the soil liner with smooth-drum rollers and hand raking.  No rubber 
tired vehicles are permitted on the final dressed surface unless authorized by the 
CQA Engineer. 

 
I. The surface on which the overlying geosynthetics are to be placed shall be 

maintained in a firm, clean, and smooth condition and shall be within the acceptable 
moisture range before and during the geosynthetics installation. 

 
4.5.2 Control Tests 

 
The control tests, as shown on Table 4.3, will be performed by the CQA Engineer prior to 
placement of soil liner material. 

 
4.5.3 Record Tests 

 
The record tests, as shown on Table 4.3 and as described below, will be performed by the 
CQA Engineer during placement of soil liner material. 

 
A. Each lift will be checked visually for soil clods, rocks, debris, plant materials and 

other foreign material.  Any such material which does not meet specified 
requirements shall be identified and removed prior to and during the compaction 
process. 

 
B. The thickness of the loose lift will be measured at random locations after spreading 

and leveling is completed.  Loose lift thickness should not exceed the depth of 
penetration of the compaction feet. 

 
C. Moisture content will be monitored by the CQA Engineer prior to compaction.  If 

the soil is drier than the specified minimum moisture content, water will be added 
and the lift will be disced to distribute the moisture evenly. 

 
Results of testing will be certified within 7 days of soil liner placement. 

 
4.5.3.1 Record Test Failure 

 
The following procedures shall be used in the event of density or hydraulic 
conductivity test failure: 
 
A. Failed Density Test:  Recompaction of the failed area shall be performed 

and retested until the area meets or exceeds requirements outlined in the 
specifications. 
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B.  Failed Hydraulic Conductivity Test:  The area of failure shall be localized 
and reconstructed in accordance with the project specifications.  This area 
will be retested as outlined within the plan by the CQA Engineer.  
Optionally, at least five replicate samples shall be obtained and tested by 
the Contractor in the immediate vicinity of the failed test.  If all five 
samples pass, then the initial failing test will be discounted.  However, 
should the replicate samples confirm the failure of the soil liner to meet 
specifications, the area of failure shall be localized, reconstructed, and 
retested as described above. 

 
4.5.4 Judgmental Testing 

 
During construction, the frequency of control and/or record testing may be increased at the 
discretion of the CQA Engineer when visual observations of construction performance 
indicate a potential problem.  Additional testing for suspected areas will be considered 
when: 
 

 the rollers slip during rolling operation; 
 the lift thickness is greater than specified; 
 the fill material is at an improper moisture content; 
 fewer than the specified number of roller passes are made; 
 dirt-clogged rollers are used to compact the material; 
 the rollers may not have used optimum ballast; 
 the fill materials differ substantially from those specified; or 
 the degree of compaction is doubtful. 

 
4.5.5 Perforations In Soil Liner 

 
All holes shall be patched with compacted soil liner (if allowed by the project 
specifications) or sodium bentonite compacted and hydrated in the holes. 

 
4.6 DEFICIENCIES 
 
The CQA Engineer will immediately determine the extent and nature of all defects and 
deficiencies and report them to the Owner and Engineer.  All defects and deficiencies will be 
documented by the CQA Engineer.  The Contractor shall correct defects and deficiencies to the 
satisfaction of the CQA Engineer.  The CQA Engineer will observe all retests on repaired 
defects. 
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TABLE 4.1:  CQA TESTING PROGRAM FOR SOIL LINER MATERIAL APPROVAL 
 
 

PROPERTY TEST 
METHOD 

MINIMUM TEST 
FREQUENCY 

 
CONTROL TESTS: 
 
Visual Classification ASTM D 2488 Each Soil 
 
Moisture Content ASTM D 2216 2,000 CY 

per Each Soil 
 
Grain Size Analysis ASTM D 422 2,000 CY 

per Each Soil 
 
Atterberg Limits ASTM D 4318 2,000 CY 

per Each Soil 
 
Moisture-Density Relationship ASTM D 698 5,000 CY 

per Each Soil 
 
Hydraulic Conductivity - Lab 
Remolded 

ASTM D 50843 10,000 CY 
per Each Soil 
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TABLE 4.2:  CQA TESTING PROGRAM FOR SOIL LINER TEST FILL 
 
 

PROPERTY TEST 
METHOD 

MINIMUM TEST 
FREQUENCY 

 
CONTROL TESTS: (See Table 4.1) 
 
Moisture-Density Relationship ASTM D 6984 1 per lift 
 
Hydraulic Conductivity - Lab 
Remolded 

ASTM D 50843,4 1 per lift 

 
RECORD TESTS: 
 
Lift Thickness ----- Each Lift 
 
Atterberg Limits ASTM D 4318 1 per lift 
 
Grain Size Analysis ASTM D 422 1 per lift 
 
In-Place Density ASTM D 29221 3 per lift 
 
Moisture Content ASTM D 69382 3 per lift 
 
Hydraulic Conductivity - Undisturbed 
(Shelby Tube) 

ASTM D 50843 1 per lift 
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TABLE 4.3:  CQA TESTING PROGRAM FOR SOIL LINER 
 
 

PROPERTY TEST 
METHOD 

MINIMUM TEST 
FREQUENCY 

 
CONTROL TESTS: (See Table 4.1) 
 
RECORD TESTS: 
 
Lift Thickness ----- Each Lift 
 
In-Place Density ASTM D 69381 10,000 ft2 per lift 
 
Moisture Content ASTM D 69382 10,000 ft2 per lift 
 
Hydraulic Conductivity - Undisturbed 
(Shelby Tube) 

ASTM D 50843 40,000 ft2 per lift 

 

Notes: 
 

1. Optionally use ASTM D 1556, ASTM D 2167, or ASTM D 2937.  For every 10 
nuclear density tests perform at least 1 density test by ASTM D 1556, ASTM D 
2167, or ASTM D 2937 as a verification of the accuracy of the nuclear testing 
device. 

2.  Optionally use ASTM D 2216, ASTM D 4643, or ASTM D 4959.  For every 10 
nuclear moisture tests perform at least 1 moisture test by ASTM D 2216, ASTM D 
4643, or ASTM D 4959 as a verification of the accuracy of the nuclear testing 
device. 

3. Maximum effective confining pressure and hydraulic gradient as required by the 
project specifications.  Backpressure as recommended by ASTM D 5084. 

4.  These tests performed on the test fill may count toward the minimum frequencies 
established in Table 4.1. 
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 SECTION 5.0 
 GEOMEMBRANE CQA 
 
5.1 INTRODUCTION 
 
This section of the CQA Manual addresses the geomembrane components of the liner and final 
cover systems and outlines the CQA program to be implemented with regard to manufacturer 
and installer approval, material approval, subgrade approval, field and laboratory control and 
record tests, repairs, and resolution of problems. 
 
5.2 GEOMEMBRANE MANUFACTURER AND INSTALLER APPROVAL 
 
The Contractor shall submit the qualifications of the Geomembrane Manufacturer and the 
Geomembrane Installer, as described in the specifications, to the CQA Engineer for approval. 
 
5.3 GEOMEMBRANE MATERIAL APPROVAL 
 

5.3.1 Geomembrane Product Data 
 

The CQA Engineer will review the Contractor’s submittals for conformance with the 
project specifications. 

 
5.3.2 Shipment And Storage 

 
During shipment and storage, all geomembrane will be protected as required by the project 
specifications.  The CQA Engineer will observe rolls upon delivery at the site. 

 
5.3.3 Quality Control Certificates 

 
Upon delivery, the CQA Engineer will: 
 

 Verify that the Manufacturer’s quality control certificates have been provided at 
the specified frequency and that each certificate identified the rolls or sheets 
related to it; and 

 
 Review the Manufacturer’s quality control certificates and verify that the certified 

properties meet the project technical specifications 
 

5.3.4 Material Control Tests 
 

Samples for material control tests, as shown on Table 5.1, will be obtained by the CQA 
Engineer at the indicated frequencies upon delivery of the geomembrane.  Alternatively, 
samples may be randomly obtained at the manufacturing site by the CQA Engineer or 
representatives of the Geosynthetics CQA Laboratory. 
 
Unless otherwise specified, samples will be 3 feet long by the roll or sheet width.  The 
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CQA Engineer will mark the machine direction on the samples with an arrow. 
 

All material control tests will be performed by the Geosynthetics CQA Laboratory. 
 

All control test results must be available at the site prior to the deployment of all 
geomembrane.  The CQA Engineer will examine all results from laboratory conformance 
testing. 

 
5.3.4.1 Material Control Test Failure 

 
The following procedure will apply whenever a sample fails a material control test: 

 
A. The Geomembrane Installer will replace the roll or sheet of geomembrane 

that is in nonconformance with the project specifications with a roll or 
sheet that meets project specifications. 

 
B. The Geomembrane Installer will remove conformance samples for testing 

by the Geosynthetics CQA Laboratory from the closest numerical roll or 
sheet on both sides of the failed roll or sheet.  These two samples must 
both conform to project specifications.  If either of these samples fail, then 
the next numerical roll or sheet will be tested until a passing roll or sheet 
is found.  This additional conformance testing will be at the expense of the 
Geomembrane Installer.  If either of the two closest rolls or sheets fail, the 
Engineer will dictate the frequency of additional testing. 

 
The CQA Engineer will document actions taken in conjunction with material 
control test failures. 

 
5.4 GEOMEMBRANE INSTALLATION 
 

5.4.1 Handling 
 

The Geosynthetic Installer will handle all geomembrane in such a manner as required by 
the project specifications. 

 
5.4.2 Earthwork 

 
5.4.2.1 Surface Preparation 
 
The Geomembrane Installer will certify in writing that the surface on which the 
geomembrane will be installed meets line and grade, and the surface preparation 
requirements of the project specifications.  The certificate of acceptance will be 
given to the CQA Engineer prior to commencement of geomembrane installation in 
the area under consideration.  The CQA Engineer will give a copy of this certificate 
to the Engineer. 
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To ensure a timely covering of the subgrade (or soil liner) surface, the Engineer 
may allow subgrade acceptance in areas as small as one acre.  After the supporting 
soil has been accepted by the Geomembrane Installer, it will be the Geomembrane 
Installer's responsibility to indicate to the Engineer and CQA Engineer any change 
in the supporting soil condition that may require repair work.  If the CQA Engineer 
concurs with the Geomembrane Installer, then the Engineer will ensure that the 
supporting soil is repaired. 

 
5.4.2.2 Anchorage System 

 
The CQA Engineer will verify that anchor trenches have been constructed and 
backfilled according to project specifications and design drawings. 

 
5.4.3 Geomembrane Placement 

 
5.4.3.1 Field Panel Identification 

 
The CQA Engineer will document that the Geomembrane Installer labels each field 
panel with an "identification code" (number or letter-number consistent with the 
layout plan) agreed upon by the Geomembrane Installer and CQA Engineer at the 
Geosynthetics CQA Meeting (see Section 1.7.2). 

 
The Geomembrane Installer will establish a table or chart showing correspondence 
between roll or sheet numbers and field panel identification codes.  This 
documentation shall be submitted to the CQA Engineer weekly for review and 
verification.  The field panel identification code will be used for all quality control 
and quality assurance records. 

 
5.4.3.2 Field Panel Placement 

 
5.4.3.2.1 Location:  The CQA Engineer will verify that field panels 

are installed at the location indicated in the Geomembrane 
Installer's layout plan, as approved or modified in Section 
5.4.3.1. 

 
5.4.3.2.2 Installation Schedule:  The CQA Engineer will evaluate 

every change in the schedule proposed by the 
Geomembrane Installer and advise the Engineer on the 
acceptability of that change. 

 
The CQA Engineer will record the identification code, 
location, and date of installation of each field panel. 

 
5.4.3.2.3 Placement of Geomembrane:  The CQA Engineer will 

verify that project specification related restrictions on 
placement of geomembrane are fulfilled.  Additionally, the 
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CQA Engineer will verify that the supporting soil has not 
been damaged by weather conditions. 

 
5.4.3.2.4 Damage:  The CQA Engineer will visually observe each 

panel, after placement and prior to seaming, for damage.  
The CQA Engineer will advise the Engineer which panels, 
or portion of panels, should be rejected, repaired, or 
accepted.  Damaged panels or portions of damaged panels 
which have been rejected will be marked and their removal 
from the work area recorded by the CQA Engineer.  
Repairs will be made according to procedures described in 
this section. 

 
As a minimum, the CQA Engineer will document that: 

 
 the panel is placed in such a manner that it is unlikely 

to be damaged; and 
 

 any tears, punctures, holes, thin spots, etc. are either 
marked by the Geomembrane Installer for repair or the 
panel is rejected. 

 
5.4.4 Field Seaming 

 
5.4.4.1 Seam Layout 

 
The Geomembrane Installer will provide the CQA Engineer with a seam layout 
drawing, i.e., a drawing of the area to be lined showing all expected seams.  The 
CQA Engineer and Engineer will review the seam layout drawing and verify that it 
is consistent with the accepted state of practice and this CQA Manual. 

 
A seam numbering system compatible with the panel numbering system will be 
agreed upon at the Geosynthetics CQA Meeting (see Section 1.7.2).  An on-going 
written record of the seams and repair areas shall be maintained by the 
Geomembrane Installer with weekly review by the CQA Engineer. 

 
5.4.4.2 Requirements of Personnel 

 
The Geomembrane Installer will provide the CQA Engineer with a list of proposed 
seaming personnel and their experience records.  This document will be reviewed 
by the CQA Engineer for compliance with project specifications. 
 
5.4.4.3 Seaming Equipment and Products 

 
Field seaming processes must comply with project specifications.  Proposed 
alternate processes will be documented and submitted to the Engineer and CQA 
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Engineer for their approval.  Only seaming apparatus which have been specifically 
approved by make and model will be used.  The CQA Engineer will submit all 
documentation to the Engineer for his concurrence. 

 
5.4.5 Field Seam Control Tests 

 
5.4.5.1 Trial Seams 

 
A.  Prior to production seaming, after four (4) hours of continuous seaming, 

and/or when significant changes in geomembrane or ambient temperature 
occurs, the Geomembrane Installer shall perform trial seams to verify that 
seaming conditions and procedures are adequate.  Trial seams shall be 
performed by each operator of extrusion welders and by the primary 
operator of each wedge welder using seaming equipment to be used in 
production seaming. 

 
B.  Trial seams shall be made on appropriate sized pieces of identical or 

equivalent geomembrane material. 
 

C.  Hot wedge trial seams shall be approximately 72" x 12" with the seam 
centered lengthwise.  Extrusion fillet trial seams shall be approximately 
36" x 12" with the seam centered lengthwise.  A minimum of four 
coupons shall be tested in peel and shear (two each) (ASTM D 6392) by 
the Geomembrane Installer using a field tensiometer.  All coupons shall 
meet the minimum seam strength requirements as shown in the project 
specifications. 

 
D.  Each trial seam shall be assigned a number and the test results recorded in 

the appropriate log by the Geomembrane Installer.  The CQA Engineer 
will observe all trial seams and compile all trial seam logs. 

 
5.4.6 Field Seam Record Tests 

 
5.4.6.1 Nondestructive Seam Continuity Testing 

 
The Geomembrane Installer shall test and document all seams continuously over 
their full length using one of the following nondestructive seam tests.  This testing 
shall be performed simultaneously with geomembrane deployment as the work 
progresses and not at the completion of all field seaming. 

 
A. Vacuum Testing shall conform to ASTM D 5641 requirements. 
B. Air Pressure Testing (for double seam with an enclosed space) shall 

conform to ASTM D 5820 requirements and the requirements listed in 
Table 5.2. 

 
The CQA Engineer will observe the nondestructive testing on a full time basis to 
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ensure conformance with this CQA Manual and the project specifications. 
 

5.4.6.2 Field Destructive Seam Testing 
 

A. The Geomembrane Installer shall obtain 12" x 30" (or longer as needed) 
samples of field seams with the seam centered lengthwise, suitable for 
testing, at an average frequency of one sample per 500 linear feet of seam. 
 The sample shall be cut into two equal-length pieces, one for field 
destructive seam testing by the Geosynthetics Installer and one given to 
the CQA Engineer as an archive sample.  The date, time, equipment, seam 
number, and seaming parameters will be marked on each sample and 
recorded by the CQA Engineer. 

 
B. The Geomembrane Installer shall perform and document field destructive 

seam testing using a field tensiometer which has been calibrated within 
the prior 6 months (calibration information shall be provided to the CQA 
Engineer).  A minimum of three (3) coupons each will be tested in peel 
and shear (ASTM D 6392).  Coupons shall meet the minimum seam 
strength requirements as shown in the project specifications. 

 
C. The CQA Engineer or the Owner may require additional random samples 

to be taken for testing in areas which visually appear defective and not in 
accordance with the project requirements. 

 
D. All holes in the geomembrane resulting from destructive seam sampling 

shall be immediately repaired in accordance with repair procedures 
described in this manual. 

 
5.4.6.3 Geosynthetics CQA Laboratory Destructive Testing 

 
A. The Geomembrane Installer shall obtain 12" x 30" (or longer as needed) 

samples of field seams with the seam centered lengthwise, suitable for 
testing, at an average frequency of one sample per day to confirm field 
destructive seam tests.  The sample shall be cut into two equal-length 
pieces, both to be given to the CQA Engineer for laboratory destructive 
seam testing and as an archive sample.  The date, time, equipment, seam 
number, and seaming parameters will be marked on each sample and 
recorded by the CQA Engineer. 

 
B. Laboratory destructive test samples will be packaged and shipped to the 

Geosynthetics CQA Laboratory by the CQA Engineer in a manner that 
will not damage the test sample. 

 
C. A minimum of five (5) coupons each will be tested in peel and shear 

(ASTM D 6392) by the Geosynthetics CQA Laboratory.  Coupons shall 
meet the minimum seam strength requirements as shown in the project 
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specifications. 
 

D. All geomembrane destructive test samples that fail to meet project 
specifications will be saved and sent to the CQA Engineer for observation. 

 
E. The CQA Engineer will review laboratory test results as soon as they 

become available. 
 

5.4.6.4 Field Seam Record Test Failure 
 

For noncomplying tests, the CQA Engineer will: 
 
 observe continuity testing of the repaired areas performed by the 

Geomembrane Installer; 
 
 confirm the record location, date, test unit number, name of tester, and 

compile the record of testing provided by the Geomembrane Installer; 
 

 provide a walk-through inspection of all impacted seam areas and verify that 
the areas have been tested in accordance with the CQA Manual and project 
specifications; and 

 
 verify that the Geomembrane Installer has marked repair areas with the 

appropriate color-coded marking pencil. 
 

5.4.6.5 Defining Extent of Field Seam Record Test Failure 
 

All defective seam test failures must be bounded by acceptable destructive tests.  
The CQA Engineer will document repair actions taken in conjunction with all seam 
test failures. 

 
5.4.7 Repairs & Verification 

 
5.4.7.1 Repair Procedures 

 
A. All repair procedures shall be in accordance with the project 

specifications.  The CQA Engineer will observe all repair procedures. 
 

B. All surfaces shall be clean and dry at the time of the repair. 
C. After an extrusion seam is made, no more than ¼ inch of abrasion shall be 

visible beyond the weld. 
 

5.4.7.2 Repair Verification 
 

A. Each repair shall be numbered and logged by the Geomembrane Installer. 
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B. Each repair shall be non-destructively tested by the Geomembrane 
Installer using the methods described above.  Repairs which pass non-
destructive testing shall be taken as an indication of an adequate repair. 

 
C. Repairs more than 150 feet long may be of sufficient length to require 

destructive test sampling, at the discretion of the CQA Engineer.  A failed 
test indicates that the repair shall be redone and retested until passing test 
results are achieved. 

 
5.5 LINER SYSTEM ACCEPTANCE 
 
The geomembrane component of the liner system will be accepted by the Owner when: 
 

 the installation is finished; 
 

 verification of the adequacy of all seams and repairs, including associated testing, is 
complete; 

 
 CQA Engineer provides the Engineer with a final copy of the nondestructive test 

documentation, repair information, and as-built drawings, as submitted by the 
Geomembrane Installer; 

 
 CQA Engineer provides the Engineer with a certification, submitted by the 

Geomembrane Installer that the geomembrane was installed in accordance with the 
Geomembrane Manufacturer's recommendations as well as the project drawings and 
project specifications; and 

 
 all documentation of the installation is completed including the CQA Engineer's final 

report. 
 
5.6 MATERIALS IN CONTACT WITH GEOMEMBRANES 
 
The quality assurance procedures indicated in this subsection are only intended to assure that the 
installation of these materials does not damage the geomembrane.  All reasonable measures to 
protect the geomembrane and provide additional quality assurance procedures are necessary to 
assure that systems built with these materials will be constructed to ensure proper performance. 

 
5.6.1 Soils 

 
Prior to placement, the CQA Engineer will visually confirm that all soil materials to be 
placed against the geomembrane comply with project specifications.  The Geomembrane 
Installer will provide the CQA Engineer a written surface acceptance certificate in 
accordance with Section 5.4.2.  All soil materials shall be placed and compacted in 
accordance with project specifications. 
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5.6.2 Sumps and Appurtenances 
 

The CQA Engineer will verify that: 
 

 installation of the geomembrane in appurtenance areas, and connection of the 
geomembrane to appurtenances have been made according to the project 
specifications; 

 
 extreme care is taken while seaming around appurtenances since neither 

nondestructive nor destructive testing may be feasible in these areas; and 
 

 the geomembrane or appurtenances have not been visibly damaged while 
making connections to appurtenances. 

 
5.7 DEFICIENCIES 
 
The CQA Engineer will immediately determine the extent and nature of all defects and 
deficiencies and report them to the Owner and Engineer.  All defects and deficiencies will be 
documented by the CQA Engineer.  The Contractor shall correct defects and deficiencies to the 
satisfaction of the CQA Engineer.  The CQA Engineer will observe all retests on repaired 
defects. 
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TABLE 5.1:  CQA TESTING PROGRAM FOR GEOMEMBRANE 
MATERIAL APPROVAL 

 
 

PROPERTY 
 

TEST METHOD 
 

TEST FREQUENCY 
 

 
Thickness 

 
ASTM D 5199/D 5994 

 
100,000 ft2 or 

1 per Lot1 
 
Density 

 
ASTM D 1505/D 792 

 
100,000 ft2 or 

1 per Lot1 
 
Carbon Black Content 

 
ASTM D 1603 

 
100,000 ft2 or 

1 per Lot1 
 
Carbon Black Dispersion 

 
ASTM D 5596 

 
100,000 ft2 or 

1 per Lot1 
 
Tensile Properties: 

 
ASTM D 6693 (Type 

IV) 
 

 
 
Tensile Strength at Yield 100,000 ft2 or 

1 per Lot1 
 
Tensile Strength at Break 100,000 ft2 or 

1 per Lot1 
 
Elongation at Yield 100,000 ft2 or 

1 per Lot1 
 
Elongation at Break 100,000 ft2 or 

1 per Lot1 
 
Tear Resistance 

 
ASTM D 1004 

 
100,000 ft2 or 

1 per Lot1 
 

 
Notes: 
 
1. Whichever provides the larger number of tests. 
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TABLE 5.2   AIR PRESSURE TEST REQUIREMENTS 
 
 

MATERIAL 
 

MIN. PRESSURE (PSI) MAX. PRESSURE DROP 
(PSI) AFTER 
5 MINUTES 

 
30 Mil LLDPE 
40 Mil LLDPE 
> 60 Mil HDPE 
 

 
25 3 
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SECTION 6.0 
LEACHATE MANAGEMENT SYSTEM CQA 

 
6.1 INTRODUCTION 
 
This section of the CQA Manual addresses the components of the leachate management system 
including components of the leachate collection system (LCS) (drainage aggregate, collection 
pipe, protective cover, and geosynthetic rain cover) and the leachate transmission and storage 
system (sumps, transmission piping, manholes, valves, and storage tanks).  By reference to 
Sections 7.0 and 8.0 of this CQA Manual, this section also addresses the geotextiles and 
drainage geocomposite that are components of the LCS.  This section outlines the CQA program 
to be implemented with regard to material approval, construction monitoring, and resolution of 
problems. 
 
6.2 LEACHATE MANAGEMENT SYSTEM MATERIAL APPROVAL 
 
The CQA Engineer will verify that the following are provided and installed in accordance with 
the project drawings, specifications, and this CQA Manual. 
 

6.2.1 Coarse Aggregate (Drainage Aggregate) 
 

A. Receipt of Contractor's submittals on coarse aggregate. 
 

B. Review of submittals for coarse aggregate for conformity to the project 
specifications. 

 
C. Verify that coarse aggregate in stockpiles or at borrow sources conforms to the 

project specifications. 
 

D. Conduct material control tests in accordance with Table 6.1. 
 

6.2.2 Leachate Collection Media (Drainage Aggregate) 
 

A. Receipt of Contractor's submittals on leachate collection media. 
 

B. Review of submittals for leachate collection media for conformity to the project 
specifications. 

 
C. Verify that collection media in stockpiles or at borrow sources conforms to the 

project specifications. 
 

D. Conduct material control tests in accordance with Table 6.1. 
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6.2.3 High Density Polyethylene (HDPE) Pipe 
 

A. Receipt of Contractor's submittals on HDPE pipe. 
 

B.  Review of submittals for HDPE pipe for conformity to the project specifications. 
 

6.2.4 Geotextiles (Verify for each type of Geotextile) 
 

The CQA program for geotextiles is presented in Section 7.0 of this CQA Manual. 
 

6.2.5 Drainage Geocomposite 
 

The CQA program for drainage geocomposite is presented in Section 8.0 of this CQA 
Manual. 

 
6.2.6 Protective Cover 

 
A. Review the proposed source of protective cover for conformance with the project 

specifications. 
 

B.  Conduct material control tests in accordance with Table 6.1. 
 

6.2.7 Geosynthetic Rain Cover 
 

A. Receipt of Contractor's submittals on Geosynthetic Rain Cover. 
 

B.  Review of submittals for Geosynthetic Rain Cover for conformity to the project 
specifications. 

 
6.2.8 Sumps/Manholes/Tanks 

 
A. Receipt of Contractor's submittals on sumps/manholes/tanks. 

 
B.  Review of submittals for sumps/manholes/tanks for conformity to the project 

specifications. 
 

6.2.9 Valves 
 

A. Receipt of Contractor's submittals on valves. 
 

B. Review of submittals for valves for conformity to the project specifications. 
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6.3 LEACHATE MANAGEMENT SYSTEM INSTALLATION 
 

6.3.1 Leachate Collection System (LCS) 
 

The CQA Engineer will allow installation of the LCS to proceed only after he has been 
provided certification of the installed HDPE geomembrane. 

 
The CQA Engineer will monitor and document the construction of all LCS components for 
compliance with the project specifications.  Monitoring the construction work includes the 
following: 

 
 monitoring the minimum vertical buffer maintained between field equipment 

and the geomembrane; 
 

 monitoring that the placement of the LCS components does not fold or damage 
the geomembrane or other underlying layers; 

 
 witness and verify the installation of collection piping and gravel columns; and 

 
 conduct record tests on the protective cover layer in accordance with Table 6.1. 

 
6.3.2 Leachate Transmission and Storage System 

 
The CQA Engineer will monitor and document the construction of all leachate transmission 
and storage system components for compliance with the project specifications.  Monitoring 
the construction work includes the following: 

 
 witness and verify the installation of transmission piping; 

 
 witness and verify the leak testing of transmission piping; and 

 
 witness and verify the leak testing of manholes and storage tanks (where 

applicable). 
 
6.4 DEFICIENCIES 
 
The CQA Engineer will immediately determine the extent and nature of all defects and 
deficiencies and report them to the Owner and Engineer.  All defects and deficiencies will be 
documented by the CQA Engineer.  The Contractor shall correct defects and deficiencies to the 
satisfaction of the CQA Engineer.  The CQA Engineer will observe all retests on repaired 
defects. 
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TABLE 6.1:  CQA TESTING PROGRAM FOR LEACHATE MANAGEMENT SYSTEM 
 
 

COMPONENT PROPERTY TEST 
METHOD 

 

 
MINIMUM 

TEST 
FREQUENCY 

 
CONTROL TESTS: 
 
Coarse Aggregate: 

 
Gradation ASTM C 136 

 
5,000 CY 

Carbonate Content ASTM D 3042 
 

1 per source 
 
Leachate Collection Media: 

 
Gradation ASTM C 136 

 
5,000 CY 

Permeability1 ASTM D 2434 
 

10,000 CY 

Carbonate Content ASTM D 3042 
 

1 per source 
 
Protective Cover: 
(Soil Only - See Note 2) 

Visual 
Classification 

ASTM D 2488 
 

Each Load 

Grain Size 
Analysis 

ASTM D 422 
 

5,000 CY 
per Each Soil 

Moisture-Density 
Relationship 

ASTM D 698 
 

5,000 CY 
per Each Soil 

 
RECORD TESTS: 
 
Protective Cover: 
 

In-Place Density3 ASTM D 69384 
 

40,000 ft2 

Moisture Content3 ASTM D 69385 
 

40,000 ft2 
 

 
Notes: 

 
1.  Option for Failed Permeability Test: 

In the case of a failed permeability test value within 20% of the specified value, an 
additional three tests may be run on the proposed material.  If all three tests pass, 
then the results from the first test can be discounted.  Otherwise a different material 
or material from a different source shall be submitted.  The cost for additional 
testing shall be borne solely by the Contractor. 

2.  If protective cover consists of additional leachate collection media, perform control 
tests in accordance with the requirements for leachate collection media. 

3. On Landfill Base Only. 
4. Optionally use ASTM D 1556, ASTM D 2167, or ASTM D 2937. 
5.  Optionally use ASTM D 2216, ASTM D 4643, or ASTM D 4959. 
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 SECTION 7.0 
 GEOTEXTILE CQA 
 
7.1 INTRODUCTION 
 
This section of the CQA Manual addresses geotextiles and outlines the CQA program to be 
implemented with regard to material approval, material control tests, repairs, and resolution of 
problems. 
 
7.2 GEOTEXTILE MATERIAL APPROVAL 
 

7.2.1 Geotextile Product Data 
 

For each type of geotextile to be used, the CQA Engineer will review the Contractor’s 
submittals for conformance with the project specifications. 

 
7.2.2 Shipment And Storage 

 
During shipment and storage, all geotextiles will be protected as required by the project 
specifications.  The CQA Engineer will observe rolls upon delivery at the site. 

 
7.2.3 Quality Control Certificates 

 
Upon delivery, the CQA Engineer will: 

 
 verify that the Manufacturer’s quality control certificates have been provided at 

the specified frequency and that each certificate identified the rolls related to it; 
and 

 
 review the Manufacturer’s quality control certificates and verify that the 

certified properties meet the project technical specifications. 
 

7.2.4 Geotextile Material Control Tests 
 

Samples for material control tests, as shown on Table 7.1, will be obtained by the CQA 
Engineer at the indicated frequencies upon delivery of the geotextiles.  Alternatively, 
samples may be randomly obtained at the manufacturing site by the CQA Engineer or 
representatives of the Geosynthetics CQA Laboratory. 

 
Unless otherwise specified, samples will be 3 feet long by the roll width.  The CQA 
Engineer will mark the machine direction on the samples with an arrow. 

 
All material control tests will be performed by the Geosynthetics CQA Laboratory. 
 
All test results must be available at the site prior to the deployment of all geotextiles.  The 
CQA Engineer will examine all results from laboratory testing. 
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7.2.4.1 Material Control Test Failure 
 

The following procedure will apply whenever a sample fails a material control test: 
 

A. The Geosynthetic Installer will replace the roll of geotextile that is in 
nonconformance with the project specifications with a roll that meets 
project specifications. 

 
B. The Geosynthetic Installer will remove samples for testing by the 

Geosynthetics CQA Laboratory from the closest numerical roll on both 
sides of the failed roll.  These two samples must both conform to project 
specifications.  If either of these samples fail, then the next numerical roll 
will be tested until a passing roll is found.  This additional testing will be 
at the expense of the Geosynthetic Installer.  If either of the two closest 
rolls fail, the Engineer will dictate the frequency of additional testing. 

 
The CQA Engineer will document actions taken in conjunction with material 
control test failures. 

 
7.3 GEOTEXTILE INSTALLATION 
 

7.3.1 Handling And Placement 
 

The Geosynthetic Installer will handle and place all geotextiles in such a manner as 
required by the project specifications. 

 
7.3.2 Seams And Overlaps 

 
All geotextiles will be seamed or overlapped in accordance with project specifications or as 
approved by the CQA Engineer and Engineer. 

 
7.3.3 Repairs 

 
Any holes or tears in the geotextile will be repaired in accordance with the project 
specifications.  The CQA Engineer will observe any repair. 

 
7.3.4 Placement Of Overlying Materials 

 
All soil materials located on top of a geotextile shall be placed in accordance with the 
project specifications. 

 
 
 
 
 
 



  
Davidson County MSW Landfill   CQA Manual 
May 2012 GEOTEXTILE CQA  Page 7.0-3 

7.4 DEFICIENCIES 
 
The CQA Engineer will immediately determine the extent and nature of all defects and 
deficiencies and report them to the Owner and Engineer.  All defects and deficiencies will be 
documented by the CQA Engineer.  The Contractor shall correct defects and deficiencies to the 
satisfaction of the CQA Engineer.  The CQA Engineer will observe all retests on repaired 
defects. 
 
 
 
TABLE 7.1:  CQA TESTING PROGRAM FOR GEOTEXTILE 

MATERIAL APPROVAL 
 
 

PROPERTY TEST METHOD 
 

TEST FREQUENCY 
 

 
CONTROL TESTS: 
 
Tensile Properties ASTM D 4632 

 
100,000 ft2 or 

1 per Lot1 
 
Puncture Resistance ASTM D 4833 

 
100,000 ft2 or 

1 per Lot1 
 
Trapezoidal Tear Strength ASTM D 4533 100,000 ft2 or 

1 per Lot1 
 
Mass Per Unit Area 
(Type GT- C Geotextile Only) 

ASTM D 5261 100,000 ft2 or 
1 per Lot1 

 
Apparent Opening Size (AOS) 
(Type GT-S Geotextile Only) 
 

ASTM D 4751 
 

100,000 ft2 or 
1 per Lot1 

 
Notes: 

 
1. Whichever provides the larger number of tests. 
2.  CQA testing is not required for geotextiles placed outside of the containment area. 
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 SECTION 8.0 
 DRAINAGE GEOCOMPOSITE CQA 
 
8.1 INTRODUCTION 
 
This section of the CQA Manual addresses drainage geocomposite (DGC) and outlines the CQA 
program to be implemented with regard to material approval, material control tests, repairs, and 
resolution of problems. 
 
8.2 DGC MATERIAL APPROVAL 
 

8.2.1 DGC Product Data 
 

The CQA Engineer will review the Contractor’s submittals for conformance with the 
project specifications. 

 
8.2.2 Shipment And Storage 

 
During shipment and storage, all DGC will be protected as required by the project 
specifications.  The CQA Engineer will observe rolls upon delivery at the site. 

 
8.2.3 Quality Control Certificates 

 
Upon delivery, the CQA Engineer will: 

 
 verify that the Manufacturer’s quality control certificates have been provided at 

the specified frequency and that each certificate identified the rolls related to it; 
and 

 
 review the Manufacturer’s quality control certificates and verify that the 

certified properties meet the project technical specifications. 
 

8.2.4 DGC Material Control Tests 
 

Samples for material control tests, as shown on Table 8.1, will be obtained by the CQA 
Engineer at the indicated frequencies upon delivery of the DGC.  Alternatively, samples 
may be randomly obtained at the manufacturing site by the CQA Engineer or 
representatives of the Geosynthetics CQA Laboratory. 

 
Unless otherwise specified, samples will be 3 feet long by the roll width.  The CQA 
Engineer will mark the machine direction on the samples with an arrow. 

 
All material control tests will be performed by the Geosynthetics CQA Laboratory. 
 
All test results must be available at the site prior to the deployment of all DGC.  The CQA 
Engineer will examine all results from laboratory testing. 
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8.2.4.1 Material Control Test Failure 
 

The following procedure will apply whenever a sample fails a material control test: 
 

A. The Geosynthetic Installer will replace the roll of DGC that is in 
nonconformance with the project specifications with a roll that meets 
project specifications. 

 
B. The Geosynthetic Installer will remove samples for testing by the 

Geosynthetics CQA Laboratory from the closest numerical roll on both 
sides of the failed roll.  These two samples must both conform to project 
specifications.  If either of these samples fail, then the next numerical roll 
will be tested until a passing roll is found.  This additional testing will be 
at the expense of the Geosynthetic Installer.  If either of the two closest 
rolls fail, the Engineer will dictate the frequency of additional testing. 

 
The CQA Engineer will document actions taken in conjunction with material 
control test failures. 

 
8.3 DGC INSTALLATION 
 

8.3.1 Handling And Placement 
 

The Geosynthetic Installer will handle and place all DGC in such a manner as required by 
the project specifications. 

 
8.3.2 Stacking And Joining 

 
When several layers of DGC are stacked, care should be taken to ensure that stacked DGC 
are placed in the same direction.  Stacked DGC will never be laid in perpendicular 
directions to the underlying DGC (unless otherwise specified by the Engineer).  The CQA 
Engineer will observe the stacking of DGC. 

 
Adjacent rolls of DGC will be joined according to construction drawings and project 
specifications. 

 
8.3.3 Repairs 

 
Any holes or tears in the DGC will be repaired in accordance with the project 
specifications.  The CQA Engineer will observe any repair. 
 
8.3.4 Placement Of Overlying Materials 

 
All soil materials located on top of DGC shall be placed in accordance with the project 
specifications. 
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8.4 DEFICIENCIES 
 
The CQA Engineer will immediately determine the extent and nature of all defects and 
deficiencies and report them to the Owner and Engineer.  All defects and deficiencies will be 
documented by the CQA Engineer.  The Contractor shall correct defects and deficiencies to the 
satisfaction of the CQA Engineer.  The CQA Engineer will observe all retests on repaired 
defects. 
 
 
 
TABLE 8.1:  CQA TESTING PROGRAM FOR DGC MATERIAL APPROVAL 
 
 

PROPERTY 
 

TEST METHOD 
 

TEST FREQUENCY 
 

 
CONTROL TESTS: 
 
Thickness (geonet only) 

 
ASTM D 5199 

 
100,000 ft2 or 

1 per Lot1 
 
Density 
(geonet only) 

 
ASTM D 1505 100,000 ft2 or 

1 per Lot1 
 
Ply Adhesion 

 
ASTM D 413/ 

GRI GC7 
100,000 ft2 or 

1 per Lot1 
 
Transmissivity 

 
ASTM D 47162 1 per Resin Lot 

 

 
Notes: 

 
1. Whichever provides the larger number of tests. 
2. Conduct tests for transmissivity in accordance with the conditions given in the 

project specifications. 
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 SECTION 9.0 
 GEOSYNTHETIC CLAY LINER (GCL) CQA 
 
9.1 INTRODUCTION 
 
This section of the CQA Manual addresses geosynthetic clay liner (GCL) and outlines the CQA 
program to be implemented with regard to material approval, material control tests, repairs, and 
resolution of problems. 
 
9.2 GCL MANUFACTURER AND INSTALLER APPROVAL 
 
The Contractor shall submit the qualifications of the GCL Manufacturer and the GCL Installer, 
as described in the specifications, to the CQA Engineer for approval. 
 
9.3 GCL MATERIAL APPROVAL 
 

9.3.1 GCL Product Data 
 

The CQA Engineer will review the Contractor’s submittals for conformance with the 
project specifications. 

 
9.3.2 Shipment And Storage 

 
During shipment and storage, GCL will be protected as required by the project 
specifications.  The CQA Engineer will observe rolls upon delivery at the site. 

 
9.3.3 Quality Control Certificates 

 
Upon delivery, the CQA Engineer will: 

 
 verify that the Manufacturer’s quality control certificates have been provided at 

the specified frequency and that each certificate identified the rolls related to it; 
and 

 
 review the Manufacturer’s quality control certificates and verify that the 

certified properties meet the project technical specifications. 
 

9.3.4 GCL Material Control Tests 
 

Samples for material control tests, as shown on Table 9.1, will be obtained by the CQA 
Engineer at the indicated frequencies upon delivery of the GCL.  Alternatively, samples 
may be randomly obtained at the manufacturing site by the CQA Engineer or 
representatives of the Geosynthetics CQA Laboratory. 
 
Unless otherwise specified, samples will be 3 feet long by the roll width.  The CQA 
Engineer will mark the machine direction on the samples with an arrow. 
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All material control tests will be performed by the Geosynthetics CQA Laboratory. 
 

All test results must be available at the site prior to the deployment of all GCL.  The CQA 
Engineer will examine all results from laboratory testing. 

 
9.3.4.1 Material Control Test Failure 

 
The following procedure will apply whenever a sample fails a material control test: 

 
A. The Geosynthetic Installer will replace the roll of GCL that is in 

nonconformance with the project specifications with a roll that meets 
project specifications. 

 
B. The Geosynthetic Installer will remove samples for testing by the 

Geosynthetics CQA Laboratory from the closest numerical roll on both 
sides of the failed roll.  These two samples must both conform to project 
specifications.  If either of these samples fail, then the next numerical roll 
will be tested until a passing roll is found.  This additional testing will be 
at the expense of the Geosynthetic Installer.  If either of the two closest 
rolls fail, the Engineer will dictate the frequency of additional testing. 

 
The CQA Engineer will document actions taken in conjunction with material 
control test failures. 

 
9.4 GCL INSTALLATION 
 

9.4.1 Handling And Placement 
 

The Geosynthetic Installer will handle and place all GCL in such a manner as required by 
the project specifications. 

 
9.4.2 Seams And Overlaps 

 
All GCL will be seamed or overlapped in accordance with project specifications or as 
approved by the CQA Engineer and Engineer. 

 
9.4.3 Repairs 

 
Any holes or tears in the GCL will be repaired in accordance with the project 
specifications.  The CQA Engineer will observe any repair. 
 
9.4.4 Placement Of Overlying Materials 

 
All soil materials located on top of the GCL shall be placed in accordance with the project 
specifications. 
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9.5 DEFICIENCIES 
 
The CQA Engineer will immediately determine the extent and nature of all defects and 
deficiencies and report them to the Owner and Engineer.  All defects and deficiencies will be 
documented by the CQA Engineer.  The Contractor shall correct defects and deficiencies to the 
satisfaction of the CQA Engineer.  The CQA Engineer will observe all retests on repaired 
defects. 
 
 
 
TABLE 9.1:  CQA TESTING PROGRAM FOR GCL MATERIAL APPROVAL 
 
 

PROPERTY 
 

TEST METHOD 
 

TEST FREQUENCY 
 

 
CONTROL TESTS: 
 
Hydraulic Conductivity 

 
ASTM D 5084/D 5887 100,000 ft2 or 

1 per Lot1 
 
Bentonite Content 

 
ASTM D 5993 

(@ 0% moisture) 
100,000 ft2 or 

1 per Lot1 
 
Peel Strength 

 
ASTM D 6496 

 
100,000 ft2 or 

1 per Lot1 
 

 
Notes: 

 
1. Whichever provides the larger number of tests. 
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SECTION 10.0 
FINAL COVER SYSTEM CQA 

 
10.1 INTRODUCTION 
 
This section of the CQA Manual addresses the landfill gas (LFG) system, drainage aggregate 
and piping, and the vegetative soil layer of the final cover system.  By reference to Sections 5.0, 
7.0, and 8.0 of this CQA Manual, this section also addresses the geomembrane, geotextiles, and 
drainage geocomposite that are included in the final cover system.  This section outlines the 
CQA program to be implemented with regard to material approval, construction monitoring, and 
resolution of problems. 
 
10.2 FINAL COVER SYSTEM MATERIAL APPROVAL 
 
The CQA Engineer shall verify that the following are provided and installed in accordance with 
the project drawings, specifications, and this CQA Manual. 
 

10.2.1 High Density Polyethylene (HDPE) Pipe 
 

A. Receipt of Contractor's submittals on HDPE pipe. 
 

B.  Review of submittals for HDPE pipe for conformity to the project specifications. 
 

10.2.2 Polyvinyl Chloride (PVC) Pipe 
 

A.  Receipt of Contractor's submittals on PVC pipe. 
 

B.  Review of submittals for PVC pipe for conformity to the project specifications. 
 

10.2.3 Corrugated Polyethylene (CPE) Pipe 
 

A.  Receipt of Contractor's submittals on CPE pipe. 
 

B.  Review of submittals for CPE pipe for conformity to the project specifications. 
 

10.2.4 LFG System Components 
 

A. Receipt of Contractor's submittals on LFG system components. 
 

B.  Review of submittals for LFG system components for conformity to the project 
specifications. 

 
10.2.5 Aggregates (Verify for each type of aggregate) 

 
A. Receipt of Contractor's submittals on aggregates. 
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B. Review of submittals for aggregates for conformity to the project specifications. 
 
C. Verify that aggregates in stockpiles or at borrow sources conform to the project 

specifications. 
 

D. Conduct material control tests in accordance with Table 10.1. 
 

10.2.6 Geomembrane 
 

The CQA program for geomembranes is presented in Section 5.0 of this CQA Manual. 
 

10.2.7 Geotextiles 
 

The CQA program for geotextiles is presented in Section 7.0 of this CQA Manual. 
 

10.2.8 Drainage Geocomposite 
 

The CQA program for drainage geocomposite is presented in Section 8.0 of this CQA 
Manual. 

 
10.2.9 Vegetative Soil Layer 

 
A. Review the proposed source of vegetative soil layer for conformance with the 

project specifications. 
 

B. Conduct material control tests in accordance with Table 10.1. 
 
10.3 FINAL COVER SYSTEM INSTALLATION 
 
The CQA Engineer will monitor and document the construction of all final cover system 
components for compliance with the project specifications.  Monitoring the construction work 
for the components of the final cover system includes the following: 
 

 verify location and depth of LFG wells; 
 

 verify location of all piping; 
 

 monitoring the minimum vertical buffer maintained between field equipment and 
geosynthetics/piping; and 

 
 monitoring that the placement of the final cover system components does not fold or 

damage the geosynthetics or other underlying layers. 
 
 
 
 



  
Davidson County MSW Landfill   CQA Manual 
May 2012  FINAL COVER SYSTEM CQA  Page 10.0-3 

10.4 DEFICIENCIES 
 
The CQA Engineer will immediately determine the extent and nature of all defects and 
deficiencies and report them to the Owner and Engineer.  All defects and deficiencies will be 
documented by the CQA Engineer.  The Contractor shall correct defects and deficiencies to the 
satisfaction of the CQA Engineer.  The CQA Engineer will observe all retests on repaired 
defects. 
 
 
 
 
 
TABLE 10.1: CQA TESTING PROGRAM FOR FINAL COVER SYSTEM 
 
 

COMPONENT 
 

PROPERTY TEST 
METHOD 

 

 
MINIMUM 

TEST 
FREQUENCY 

 
CONTROL TESTS: 
 
Coarse Aggregate: 

 

 
Gradation ASTM C 136 

 
5,000 CY 

 
 
Vegetative Soil Layer: 

 
Visual Classification ASTM D 2488 

 
Each Load 

 
Grain Size Analysis ASTM D 422 

 
5,000 CY 

 
Atterberg Limits ASTM D 4318 

 
5,000 CY 
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CQA MANUAL 
APPENDIX A:  REFERENCE LIST OF TEST METHODS 

 
 
American Society American Society of Testing and Materials (ASTM): 
 

ASTM C 136  Standard Test Method for Sieve Analysis of Fine and Coarse 
Aggregates. 

 
ASTM D 413  Standard Test Methods for Rubber Property - Adhesion to Flexible 

Substrate. 
 

ASTM D 422  Standard Test Method for Particle Size Analysis of Soils. 
 

ASTM D 698  Test Method for Laboratory Compaction Characteristics of Soil 
Using Standard Effort (12,400 ft-lbf/ft3). 

 
ASTM D 792  Standard Test Method for Density and Specific Gravity (Relative 

Density) of Plastics by Displacement. 
 

ASTM D 1004 Standard Test Method for Initial Tear Resistance of Plastic Film 
and Sheeting. 

 
ASTM D 1505 Standard Test Method for Density of Plastics by the Density-

Gradient Technique. 
 

ASTM D 1556 Standard Test Method for Density and Unit Weight of Soil in Place 
by the Sand-Cone Method. 

 
ASTM D 1603 Standard Test Method for Carbon Black in Olefin Plastics. 

 
ASTM D 2167 Standard Test Method for Density and Unit Weight of Soil in Place 

by the Rubber Balloon Method. 
 

ASTM D 2216 Standard Test Method for Laboratory Determination of Water 
(Moisture) Content of Soil and Rock by Mass. 

 
ASTM D 2434 Standard Test Method for Permeability of Granular Soils (Constant 

Head). 
 

ASTM D 2488 Standard Practice for Description and Identification of Soils 
(Visual-Manual Procedure). 

 
ASTM D 2937 Standard Test Method for Density of Soil in Place by the Drive 

Cylinder Method. 
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ASTM D 3042  Standard Test Method for Insoluble Residue in Carbonate 
Aggregates. 

 
ASTM D 4318 Standard Test Method for Liquid Limit, Plastic Limit, and 

Plasticity Index of Soils. 
 

ASTM D 4533 Standard Test Method for Trapezoid Tearing Strength of 
Geotextiles. 

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

Geotextiles. 
 

ASTM D 4643  Standard Test Method for Determination of Water (Moisture) 
Content of Soil by the Microwave Oven Method. 

 
ASTM D 4716 Standard Test Method for Constant Head Hydraulic Transmissivity 

(In-Plane Flow) of Geotextiles and Geotextile Related Products. 
 

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

 
ASTM D 4833 Standard Test Method for Index Puncture Resistance of 

Geotextiles, Geomembranes, and Related Products. 
 

ASTM D 4959  Standard Test Method for Determination of Water (Moisture) 
Content of Soil by Direct Heating Method. 

 
ASTM D 5084 Standard Test Method for Measurement of Hydraulic Conductivity 

of Saturated Porous Materials Using a Flexible Wall Permeameter. 
 

ASTM D 5199 Standard Test Method for Measuring Nominal Thickness of 
Geotextiles and Geomembranes. 

 
ASTM D 5261 Standard Test Method for Measuring Mass per Unit Area of 

Geotextiles. 
 

ASTM D 5596 Standard Test Method for Microscopic Evaluation of the 
Dispersion of Carbon Black in Polyolefin Geosynthetics. 

 
ASTM D 5641  Standard Practice for Geomembrane Seam Evaluation by Vacuum 

Chamber. 
 

ASTM D 5820  Standard Practice for Pressurized Air Channel Evaluation of Dual 
Seamed Geomembranes. 
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ASTM D 5887 Standard Test Method for Measurement of Index Flux Through 
Saturated Geosynthetic Clay Liner Specimens Using a Flexible 
Wall Permeameter. 

 
ASTM D 5993 Standard Test Method for Measuring Mass per Unit of 

Geosynthetic Clay Liners. 
 

ASTM D 5994 Standard Test Method for Measuring Core Thickness of Textured 
Geomembrane. 

 
ASTM D 6392 Standard Test Method for Determining the Integrity of 

Nonreinforced Geomembrane Seams Produced Using Thermo-
Fusion Methods. 

 
ASTM D 6496  Standard Test Method for Determining Average Bonding Peel 

Strength Between the Top and Bottom Layers of Needle-Punched 
Geosynthetic Clay Liners. 

 
ASTM D 6693 Standard Test Method for Determining Tensile Properties of 

Nonreinforced Flexible Polyethylene and Nonreinforced 
Polypropylene Geomembranes. 

 
ASTM D 6938 Standard Test Methods for In-Place Density and Water Content of 

Soil and Soil-Aggregate in Place by Nuclear Methods (Shallow 
Depth). 

 
Geosynthetic Research Institute (GRI): 
 

GRI GC7  Determination of Adhesion and Bond Strength of Geocomposites. 
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SECTION 1.0 
GENERAL FACILITY OPERATIONS 

 
1.1  OVERVIEW 
 
This Operations Manual was prepared for operations of the Davidson County Landfill facility 
(Permit No. 29-06) located near Lexington.  This document discusses the operation of the 
following landfill units and other solid waste management activities: 
 

 Lined Subtitle D MSW Landfill Units (Phase 1 (Closed); Phase 2 (Active)); 
 C&D Landfill (including mobile home deconstruction area); 
 Recycling Center; 
 Convenience Center (including white goods and tire handling areas); 
 Household Hazardous Waste (HHW) Collection Facility; and 
 Swap Shop. 

 
Refer to Figure 1 for the location of existing and proposed landfill units and other solid waste 
management activities. 
 
The information contained herein was prepared to provide landfill personnel with a clear 
understanding of how the Design Engineer assumed that the completed facility would be 
operated.  While deviations from the operations outlined here may be acceptable, they should be 
reviewed and approved by the Design Engineer.  Please refer to the appropriate permit 
application for a detailed discussion and calculations for the individual components of each 
landfill unit, including phasing plans.   
 
1.2  CONTACT INFORMATION 
 
All correspondence and questions concerning the operation of the Davidson County Landfill 
should be directed to the appropriate County and State personnel listed below.  For fire or police 
emergencies dial 911. 
 

1.2.1  Davidson County 
 

Davidson County Integrated Solid Waste Management Department 
1242 Old U.S. Highway 29 
Thomasville, NC  27360 
Phone:  (336) 242-2284 
Fax:  (336) 249-7524 

 
County Solid Waste Director:  Charles Brushwood 
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1.2.2  North Carolina Department of Environment and Natural Resources 
 

North Carolina DENR - Raleigh Central Office (RCO) 
217 W. Jones Street 
Raleigh, NC  27603  
1646 Mail Service Center 
Raleigh, NC  27699-1646 
Phone/Fax:  (919) 707-8200 

 
North Carolina DENR - Winston-Salem Regional Office (WSRO) 
585 Waughtown Street 
Winston-Salem, NC  27107  
Phone:  (336) 771-5000 
Fax:  (336) 771-4630 

 
Division of Waste Management (DWM) - Solid Waste Section: 

 
Field Operations Branch Head: Mark Poindexter (RCO) 
Western District Supervisor:   Jason Watkins (WSRO) 
Environmental Senior Specialist: Hugh Jernigan (WSRO) 

 
Division of Land Resources - Land Quality Section: 

 
Regional Engineer:    Matthew Gantt, P.E. (WSRO) 

 
1.3 FACILITY OPERATING HOURS 
 
Normal hours of operation will be 7:30 A.M. to 4:30 P.M. Monday through Saturday.  The 
facility will be closed on Sunday and on holidays as designated by the County. 
 
The HHW collection facility is open from 9:00 A.M. to 3:00 P.M. the first Saturday of each 
month and by appointment or at other times as designated by the County. 
 
The County may elect to modify these hours from time to time. 
 
1.4 ACCESS CONTROL 
 
Limiting access to the landfill facility is important for the following reasons: 

 
 Unauthorized and illegal dumping of waste materials is prevented. 
 Trespassing, and injury resulting therefrom, is discouraged. 
 The risk of vandalism is greatly reduced. 

 
Access to active areas of the landfill will be controlled by a combination of fences and natural 
barriers, and strictly enforced operating hours.  A landfill attendant will be on duty at all times 
when the facility is open for public use to enforce access restrictions (see also Section 1.3). 
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1.4.1 Physical Restraints 
 

The site will be accessed by the existing entrances on Davidson County Landfill Road 
and Lower Lake Road (C&DLF unit, convenience center, etc.) and the entrance off of 
Old U.S. Highway 29 (Phase 2 MSWLF unit).  Scales and a scale house and office are 
provided at each entrance.  All waste will have been weighed prior to being placed in the 
landfill.  Each entrance has a gate which will be securely locked during non-operating 
hours. 

 
1.4.2 Security 

 
Frequent inspections of gates and fences will be performed by landfill personnel.  The 
County will arrange for a random security patrol of the main gate to further discourage 
trespassing.  Evidence of trespassing, vandalism, or illegal operation will be reported to 
the County Solid Waste Director. 

 
1.5 SIGNAGE 
 
A prominent sign(s) containing the information required by the DWM will be placed at the 
approach to each scale house.  This sign(s) will provide information on operating hours, 
operating procedures, and acceptable wastes.  Additional signage will be provided as necessary 
within the landfill complex to distinctly distinguish the roadway to the active landfill unit(s).  
Service and maintenance roads for use by operations personnel will be clearly marked and 
barriers (e.g., traffic cones, barrels, etc.) will be provided as required. 
 
1.6 COMMUNICATIONS 
 
Two way radio communication will be maintained between the active landfill unit(s) and the 
landfill scale houses and office.  The scale houses and office have telephones in case of 
emergency and for the conduct of day-to-day business.  Emergency telephone numbers are 
displayed in the scale houses and office. 
 
1.7 FIRE CONTROL 
 
The possibility of fire within the landfill or a piece of equipment must be anticipated in the daily 
operation of the landfill.  Potential fire hazards include both surface conditions and subsurface 
conditions.  Surface conditions include equipment operations and newly placed waste.  
Subsurface conditions include existing waste previously landfilled. 
 

1.7.1  Open Burning 
 

With the exception of the controlled burning of land clearing debris generated on-site or 
from emergency clean-up operations, no opening burning is allowed at the facility.  
Controlled burning will occur only if permitted or approval by the local Fire Marshall. 
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1.7.2 Fire Triangle 
 

The Atriangle@ illustrates the rule that in order to ignite and burn, a 
fire requires three (3) elements:  heat, fuel, and oxygen.  A fire is 
prevented or extinguished by Aremoving@ any one of them.  A fire 
naturally occurs when the elements are combined in the right 
mixture (e.g., more heat needed for igniting some fuels, unless 
there is concentrated oxygen).  These principles are integral in the 
prevention and management of potential fire situations.  

 
1.7.3  Equipment 
 
A combination of factory installed fire suppression systems and/or portable fire 
extinguishers will be operational on all pieces of heavy equipment at all times.  Potential 
fire hazards are created from the build-up of fine, dry dust particles on and around 
operational motors and control panels.  The presence of these build-ups can cause 
overheating and potential fire if periodic equipment cleaning and maintenance are not 
practiced.  Portable fire extinguishers should be maintained in a state of readiness  
on each piece of moving equipment and equipment should be cleaned periodically.  

 
1.7.4 General Fire Management Strategies 

 
Each fire situation is site specific; however, general strategies for active fire management 
include the following (in no particular order): 

 
 Accelerated high temperature combustion (displacing fuel); 
 Covering of the landfill burn area with soil (reduce oxygen); 
 Covering of the burn area with foams (reduce oxygen); 
 Flooding the burn area with water (reduce heat); 
 Injecting an inert gas such as CO2 (reduce oxygen); and 
 Excavating the burning material (displacing fuel) and then extinguishing it in 

small controlled areas. 
 

1.7.5 Fires Within Disposal Areas 
 

Fires within the landfill disposal areas will be limited by the use of daily/periodic cover 
as a fire break and control of "hot" loads entering the landfill.  Landfill personnel at the 
scale house will turn away all trucks containing waste that is suspected to be hot.  If a hot 
load is placed on the working face, then the load will be spread as thin as possible and 
daily cover soil will be immediately placed on the waste to extinguish the fire. 

 
In general, fires that break out close to the surface of the disposal area should be 
excavated and smothered with cover material.  Deep fires should be smothered out by 
placing moist soil on the surface and by constructing soil barriers around the fire.  Where 
the smothering technique fails, the burning material must be excavated and smothered or 
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quenched with water once the burning material is brought to the surface.  Water is 
usually not effective unless it can be directly applied to the burning material. 

 
For the lined landfill unit(s), in the event a fire occurs in the first lift of waste 
immediately above the protective cover layer, the possibility of damage to geosynthetics 
and collection piping exists.  Once the fire is extinguished, the residue must be removed 
to allow limited inspection of the geosynthetics and piping.  Damaged sections of 
geosynthetics, piping, etc. must be removed and replaced with new items of the same or 
equal material.  The new materials must be placed in accordance with the technical 
specifications and construction quality assurance (CQA) documents prepared for this 
facility. 

 
1.7.6 Notification 
 
The County will verbally notify the DWM (see Section 1.2.2) within 24 hours of 
discovery of a fire within any landfill disposal area.  In addition, written documentation 
describing the fire, the actions carried out to extinguish the fire, and a strategy for 
preventing future occurrences will be provided to the DWM within 15 days following 
any such occurrence. 

 
1.7.7 Coordination With Local Fire Department 

 
A copy of this Operations Manual will be filed with the local fire department including 
all contact information for the facility. 

 
1.8 SEVERE WEATHER CONDITIONS 
 
Unusual weather conditions can directly affect the operation of the landfill facility.  Some of 
these weather conditions and recommended operational responses are as follows. 
 

1.8.1 Ice Storms 
 

An ice storm can make access to the landfill dangerous, prevent movement or placement 
of daily cover, and, thus, may require closure of the landfill until the ice is removed or 
has melted. 

 
1.8.2 Heavy Rains 

 
Exposed soil surfaces can create a muddy situation in some portions of the landfill during 
rainy periods.  The control of drainage and use of crushed stone on unpaved roads should 
provide all-weather access for the site and promote drainage away from critical areas.  In 
areas where the aggregate surface is washed away or otherwise damaged, new aggregate 
should be used for repair. 

 
Intense rains can affect newly constructed drainage structures such as swales, diversions, 
cover soils, and vegetation.  After such a rain event, inspection by landfill personnel will 
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be initiated and corrective measures taken to repair any damage found before the next 
rainfall. 

 
1.8.3 Electrical Storms 

 
The open area of a landfill is susceptible to the hazards of an electrical storm.  If 
necessary, landfilling activities will be temporarily suspended during such an event.  
Refuge will be taken as necessary in the on-site buildings or in rubber-tired vehicles. 

 
1.8.4 Windy Conditions 

 
Landfill operations during a particularly windy period may require that the working face 
be temporarily shifted to a more sheltered area.  When this is done, the previously 
exposed face will be immediately covered with daily cover. 
 
1.8.5 Violent Storms 

 
In the event of hurricane, tornado, or severe winter storm warning issued by the National 
Weather Service, landfill operations may be temporarily suspended until the warning is 
lifted.  Daily cover will be placed on exposed waste and buildings and equipment will be 
properly secured. 

 
1.9 EQUIPMENT REQUIREMENTS 
 
The County will maintain on-site equipment required to perform the necessary landfill activities. 
Periodic maintenance of all landfilling equipment and minor and major repair work will be 
performed at designated maintenance zones outside of the landfill. 
 
1.10 PERSONNEL REQUIREMENTS 
 
At least one member of the landfill supervisory staff will be certified as a Manager of Landfill 
Operations (MOLO) by the Solid Waste Association of North America (SWANA).  Each landfill 
employee will go through an annual training course (led by supervisory staff) and is certified by 
SWANA as Landfill Operations personnel.  As part of this training, personnel learn to recognize 
loads which may contain prohibited wastes. 
 
1.11 HEALTH AND SAFETY 
 
All aspects of the landfill facility operations were developed with the health and safety of the 
operating staff, customers, and neighbors in mind.  The facility's management will implement 
and modify the site safety and emergency response program to remain consistent with SWANA 
and Occupational Safety and Health Administration (OSHA) guidance. 
 
Safety equipment provided includes equipment rollover protective cabs, seat belts, audible 
reverse warning devices, hard hats, safety shoes, and first aid kits.  Facility personnel will be 
encouraged to complete the American Red Cross Basic First Aid Course.  Other safety 
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requirements as designated by the County will also be implemented. 
 
Facility employees will be routinely trained in health and safety by supervisory staff.  All 
training will be documented.  The following are some general recommendations for the health 
and safety of workers: 
 

1.11.1 Personal Hygiene 
 
The following items are recommended as a minimum of practice: 

 
 Wash hands before eating, drinking, or smoking. 
 Wear personal protective equipment as described in Section 1.11.2.  
 Wash, disinfect, and bandage ANY cut, no matter how small it is.  Any break in 

the skin can become a source of infection. 
 Keep fingernails closely trimmed and clean (dirty nails can harbor pathogens). 

 
1.11.2 Personal Protective Equipment 

 
Personal Protective Equipment (PPE) must be evaluated as to the level of protection 
necessary for particular operating conditions and then made available to facility 
employees.  The list below includes the PPE typically used and/or required in a solid 
waste management facility workplace. 

 
 Safety shoes with steel toes. 
 Noise reduction protection should be used in areas where extended exposure to 

continuous high decibel levels are expected. 
 Disposable rubber latex or chemical resistant gloves for handling and/or sampling 

of waste materials. 
 Dust filter masks. 
 Hard hats (in designated areas). 

 
Following use, PPE=s should be disposed of or adequately cleaned, dried, or readied for 
reuse. 
 
1.11.3 Mechanical Equipment Hazard Prevention 
 
All equipment should be operated with care and caution.  All safety equipment such as 
horns, backup alarms, and lights should be functional.  A Lockout-Tagout program will 
be used to identify equipment in need or under repair and insure that operation is Aoff-
limits@ prior to maintenance or repair.  All operators will be trained in the proper 
operation of equipment. 
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1.11.4 Employee Health and Safety 
 
Some general safety rules are: 

 
 Consider safety first when planning and conducting activities. 
 Review the equipment O&M manual(s) prior to attempting repairs/changes. 
 Remember the buddy system for repair of mechanical equipment. 
 Post emergency contact phone numbers. 
 Provide easy and visible access to the Right to Know materials. 
 Provide easy and visible access to first aid kits and fire extinguishers. 

 
1.11.5 Physical Exposure 
 
Facility personnel may come in contact with the fluids, solids, and airborne constituents 
found at the facility.  Routine training should be conducted regarding the individual and 
collective materials used at the facility and their associated hazards.  Training concerning 
safe work practices around these potential exposures should cover the use of equipment 
and proper disposal procedures.   

 
1.11.6 Material Safety Data Sheets 

 
Material Safety Data Sheets (MSDS) will be collected on every waste (if available) that 
enters the facility.  Information will also be made available for all chemicals stored on 
site for use at the facility.  MSDS sheets will be stored in a location with all other Right 
to Know information for the site. 

 
1.12 UTILITIES 
 
Electrical power, water, telephone, and restrooms will be provided at each landfill scale house 
and office. 
 
1.13 RECORD KEEPING PROGRAM 
 
The County will maintain the following records in an operating record at the landfill: 
 

A.  Current permit(s) (Permit to Construct, Permit to Operate, etc.); 
B.  Current operations manual/plan and engineering plan for each landfill unit; 
C.  Inspection reports; 
D.  Audit and compliance records; 
E.  Annual landfill reports (including survey and other documentation related to 

airspace usage); 
F.  Waste inspection records (see Section 2.4); 
G.  Daily tonnage records - including source of generation; 
H.  Waste determination records; 
I.  Quantity, location of disposal, generator, and special handling procedures for all 
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special wastes disposed of at the site; 
J.  List of generators and haulers that have attempted to dispose of restricted wastes; 
K.  Employee training procedures and records of training completed; 
L.  All ground water monitoring and surface water quality information (See the 

current Water Quality Monitoring Plan) including: 
1.  Monitoring well construction records; 
2.  Sampling dates and results; 
3.  Statistical analyses; and 
4.  Results of inspections, repairs, etc. 

M.  LFG monitoring results and remedial measures as required (see the current LFG 
Monitoring Plan); 

N.  All closure and post-closure information, where applicable, including: 
1.  Notification of intent to close; 
2.  Testing; 
3.  Certification; and 
4.  Recording. 

O.  Cost estimates or financial assurance documentation; 
P. A notation of the date and time of cover placement; 
Q.  NPDES records (see Section 3.2.6); 
R.  Leachate records (see Section 3.3.3); 
S.  Documentation of cell activation (see Section 2.5.3.2); 
T.  Documentation of mobile home deconstruction (see Appendix D); 
U.  Documentation of asphalt shingle recycling (see Appendix E); 
V.  Weekly leachate storage tank area inspection records (see Appendix G); 
W.  Annual leachate release prevention training (see Appendix G); and 
X.  Semi-annual operations training and testing (see Appendix H). 

 
The operating record will be kept up to date by the Solid Waste Director or his designee.  It will 
be presented upon request to the DWM for inspection.  A copy of this Operations Manual will be 
kept at the landfill and will be available for use at all times. 
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SECTION 2.0 
WASTE HANDLING OPERATIONS 

 
2.1  OVERVIEW 

 
This section describes the required waste handling operations for the Davidson County Landfill 
facility.  In addition to the MSW and C&D waste disposed of at this facility, the County also 
processes recyclables, scrap tires, white goods, and household hazardous wastes (HHW).  These 
materials are stored at the landfill facility until there are sufficient quantities for pick up by 
various recycling contractors. 
 
Note that clean wood waste is not handled at the landfill facility, but instead is directed to 
TODCO, Inc. a nearby private enterprise which accepts and processes wood waste for reuse as 
mulch. 
 
2.2 ACCEPTABLE WASTES 
 

2.2.1  MSW Landfill Unit 
 

Only the waste as defined by NCGS 130A-290(a)(18a) generated within the approved 
service area may be disposed of in the MSW landfill unit.  In addition, the special wastes 
described in Section 2.5.4 may also be disposed of in the MSW landfill unit. 

 
2.2.2  C&D Landfill Unit 

 
Only the following wastes generated within the approved service area may be disposed of 
in the C&D landfill unit: 

 
 Construction and Demolition (C&D) Solid Waste:  as defined in 15A NCAC 

13B.0532(8) means solid waste resulting solely from construction, remodeling, 
repair, or demolition operations on pavement and buildings or structures.  C&D 
waste does not include municipal and industrial wastes that may be generated by 
the on-going operations at buildings or structures. 

 Land Clearing and Inert Debris Landfill:  as defined in 15A NCAC 13B.0101(22) 
means a facility for the disposal of land-clearing waste, concrete, brick, concrete 
block, uncontaminated soil, gravel and rock, untreated and unpainted wood, and 
yard trash. 

 Land Clearing Waste: as defined in 15A NCAC 13B.0101(23) means solid waste 
which is generated solely from land-clearing activities, limited to stumps, trees, 
limbs, brush, grass, and other naturally occurring vegetative material. 

 Asphalt:  in accordance with NCGS 130A-294(m). 
 Industrial solid waste that is generated by mobile or modular home manufacturers 

and asphalt shingle manufacturers in Davidson County.  The waste must be 
separated at the manufacturing site to exclude municipal solid waste, hazardous 
waste, and other waste prohibited from disposal in a Construction and Demolition 
Landfill. 
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 Other Wastes as Approved by the Solid Waste Section of the Division of Waste 
Management. 

 
In addition, waste from the deconstruction of mobile homes described in Section 2.6 and 
the special wastes (asbestos only) described in Section 2.5.4 and may also be disposed of 
in the C&D landfill unit. 

 
2.3  PROHIBITED WASTES 
 

2.3.1  MSW Landfill Unit 
 

The following wastes are prohibited from disposal within the MSW landfill unit: 
 

 Used Oil and Motor Vehicle Oil Filters; 
 Yard Waste; 
 White Goods; 
 Antifreeze (ethylene glycol); 
 Aluminum Cans; 
 Whole Scrap Tires; 
 Lead Acid Batteries; 
 Certain Recyclable Rigid Plastic Containers (per NCGS 130A-309.10(f)(11)); 
 Wooden Pallets; 
 Oyster Shells; 
 Discarded Computer Equipment and Televisions; 
 Construction and Demolition Debris (C&D) (Except when allowed by the 

County). 
 

In addition, operating criteria prohibit other materials from disposal within the MSW 
landfill unit.  These materials include: 

 
 Hazardous waste as defined by NCGS 130A-290(a)(8), including hazardous 

waste from conditionally exempt small quantity generators. 
 Polychlorinated biphenyls (PCB) wastes as defined in 40 CFR 761 with the 

exception of trace amounts found in materials such as consumer electronics. 
 Bulk or non-containerized liquid wastes unless the waste is household waste 

other than septic waste and waste oil; or the waste is leachate or gas 
condensate derived from the MSW landfill unit.  A liquid determination will 
be performed by the paint filter test (see Appendix A for apparatus and 
procedure). 

 Containers holding liquid wastes unless the waste is household waste. 
 

2.3.2  C&D Landfill Unit 
 

Only wastes as defined in Section 2.2.2 above may be accepted for disposal in the C&D 
landfill unit.  Prohibited wastes include waste exclusions listed in 15A NCAC 13B 
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0.0542 as follows: 
 

 Wastewater treatment sludge.  Wastewater treatment sludge may be accepted, 
with the approval of the DWM, for utilization as a soil conditioner and 
incorporated into or applied onto the vegetative soil layer component of the final 
cover system.  In this case, the sludge will be applied at no greater than 
agronomic rates and to a maximum depth of six inches. 

 Containers such as tubes, drums, barrels, tanks, cans, and bottles unless they are 
empty and perforated to ensure that no liquid, hazardous, or municipal solid waste 
is contained therein; 

 Garbage as defined in G.S. 130A-290(a)(7); 
 Hazardous waste as defined in G.S. 130A-290(a)(8), to also include hazardous 

waste from conditionally exempt small quantity generators; 
 Industrial solid waste unless a demonstration has been made and approved by the 

DWM that the landfill meets the requirements of Rule .0503(2)(d)(ii)(A); 
 Liquid wastes; 
 Medical waste as defined in G.S. 130A-290(a)(18); 
 Municipal solid waste as defined in G.S. 130A-290(a)(18a);  
 Polychlorinated biphenyls (PCB) wastes as defined in 40 CFR 761; 
 Radioactive waste as defined in G.S. 104E-5(14); 
 Septage as defined in G.S. 130A-290(a)(32); 
 Sludge as defined in G.S. 130A-290(a)(34); 
 Special wastes as defined in G.S. 130A-290(a)(40); 
 White goods as defined in G.S. 130A-290(a)(44); and 

 Yard trash as defined in G.S. 130A-290(a)(45). 
 

The following wastes cannot be received if separate from C&D waste:  
 

 Lamps or bulbs including but not limited to halogen, incandescent, neon or 
fluorescent;  

 Lighting ballast or fixtures;  
 Thermostats and light switches;  
 Batteries including but not limited to those from exit and emergency lights and 

smoke detectors; 
 Lead pipes;  
 Lead roof flashing;  
 Transformers;  
 Capacitors; 
 Copper chrome arsenate (CCA) and creosote treated woods; and 
 Pallets. 

 
Waste accepted for disposal in the C&D landfill unit must be readily identifiable as C&D 
waste and must not have been shredded, pulverized, or processed to such an extent that 
the composition of the original waste cannot be readily ascertained except as specified as 
follows: 
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 C&D waste that has been shredded, pulverized, or otherwise processed may be 
accepted for disposal from a facility that has received a permit from an authorized 
regulatory authority which specifies such activities are inspected by the authority, 
and whose primary purpose is recycling and reuse of the C&D material.  For this 
case, a waste screening plan and waste acceptance plan will be prepared and made 
available to the DWM upon request. 

 
The County will not dispose of C&D waste that is known to be generated within the 
boundaries of a unit of local government that by ordinance: 

 
(A)  Prohibits generators or collectors of C&D waste from disposing that type or form 

of C&D waste. 
(B)  Requires generators or collectors of C&D waste to recycle that type or form of 

C&D waste. 
 
2.4 WASTE SCREENING PROGRAMS 
 
In order to assure that prohibited wastes are not entering the landfill facility, screening programs 
have been implemented at the landfill.  Waste received at both the scale house entrance and 
waste taken to the working face is inspected by trained personnel.  These individuals have been 
trained to spot indications of suspicious wastes, including:  hazardous placarding or markings, 
liquids, powders or dusts, sludges, bright or unusual colors, drums or commercial size 
containers, and "chemical" odors.  Screening programs for visual and olfactory characteristics of 
prohibited wastes are an ongoing part of the landfill operation. 
 
Records of information gathered as part of the waste screening programs will be maintained at 
the landfill site during its active life and as long as required by the County and the DWM. 
 

2.4.1 Waste Receiving and Inspection 
 

All vehicles must stop at the scale house located near each entrance of the facility and 
visitors are required to sign-in.  All waste transportation vehicles are weighed and the 
content of the load assessed.  The scale attendant(s) requests from the driver of the 
vehicle a description of the waste it is carrying to ensure that unacceptable waste is not 
allowed into the landfill.  The attendant(s) then visually checks the vehicle as it crosses 
the scale.  Signs informing users of the acceptable and unacceptable types of waste are 
posted at the scale house.  Once passing the scales, the vehicles are routed to the 
appropriate landfill unit or other area (convenience center, etc.) as appropriate. 

 
Vehicles are randomly selected for screening on a regular basis, depending on personnel 
available.  At least one vehicle per week, but not less than 1% by weight of the waste 
stream entering the landfill (based on the previous week=s total), will be randomly 
selected by inspection personnel.  A random truck number and time will be selected (e.g., 
the tenth load after 10:00 a.m.) on the day of inspections.  However, if something looks 
suspicious is spotted in any waste load, that load is inspected further. 
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Vehicles selected for inspection are directed to an area of intermediate cover adjacent to 
the working face where the vehicle will be unloaded.  Waste is carefully spread using 
suitable equipment.  An attendant trained to identify wastes that are unacceptable at the 
landfill inspects the waste discharged at the screening site.  If unacceptable waste is 
found, including wastes generated from outside of the service area, the load will be 
isolated and secured by berming off the area.  For unacceptable wastes that are non-
hazardous, the Solid Waste Director will then notify officials of the DWM (see Section 
1.2.2) within 24 hours of attempted disposal of any waste the landfill is not permitted to 
receive in order to determine the proper course of action.  For unacceptable wastes that 
are hazardous, the Hazardous Waste Contingency Plan outlined in Section 2.4.2 will be 
followed.  The hauler is responsible for removing unacceptable waste from the landfill 
property. 

 
If no unacceptable waste is found, the load will be pushed to the working face and 
incorporated into the daily waste cell.  All random waste inspections will be documented 
by landfill staff using the waste screening form provided in Appendix B. 

 
In addition to random waste screening described above, waste unloaded on the active 
face will be inspected by the equipment operators, trained to spot unacceptable wastes, 
before and during spreading and compaction.  Any suspicious looking waste is reported 
immediately to the designated primary inspector for further evaluation. 

 
2.4.2 Hazardous Waste Contingency Plan 

 
In the event that identifiable hazardous waste or waste of questionable character is 
detected at the landfill, appropriate equipment, protective gear, personnel, and materials 
as necessary will be employed to isolate the wastes.  The DWM will be notified 
immediately (see Section 1.2.2) that an attempt was made to dispose of hazardous waste 
at the landfill.  If the vehicle attempting disposal of such waste is known, all attempts will 
be made to prevent that vehicle from leaving the site or, if the vehicle has left the site, 
immediate notice will be served on the owner of the vehicle that hazardous waste, for 
which they have responsibility, has been disposed of at the landfill. 

 
The County will assist the DWM as necessary and appropriate in the removal and 
disposition of the hazardous waste and in the prosecution of responsible parties.  If 
needed, the hazardous waste will be covered with either on-site soils or other tarping 
material until such time when an appropriate method can be implemented to properly 
handle the waste.  The cost of the removal and disposing of the hazardous waste will be 
charged to the owner of the vehicle involved.  Any vehicle owner or operator who 
knowingly dumps hazardous waste in the landfill may be barred from using the landfill. 

 
Should an incident where hazardous waste is found at the landfill occur, the event will be 
documented by landfill staff using the waste screening form provided in Appendix B. 
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2.5 WASTE DISPOSAL 
 

2.5.1 Access 
 

Traffic will be clearly directed to the appropriate active access road.  For the active lined 
landfill unit(s), all vehicles entering the unit will use the active ramp to avoid damaging 
the liner system.  Traffic speed on the ramp should be less than 10 MPH.  Rutting of 
gravel roadway surfaces must be repaired by placement of additional gravel on the 
roadway and not solely by grading the rut.  This will maintain the separator geotextile 
placed below most gravel roadway surfaces. 
 
The location of access roads during waste placement will be determined by operations 
personnel in order to reflect waste placement strategy.  Additionally, access will be 
maintained for site monitoring locations. 

 
2.5.2  General Procedures 
 
For each active landfill unit, waste transportation vehicles will arrive at the working face 
at random intervals.  There may be a number of vehicles unloading waste at the same 
time, while other vehicles are waiting.  In order to maintain control over the unloading of 
waste, a certain number of vehicles will be allowed on the working face at a time.  The 
actual number will be determined by the truck spotter (the spotter is typically the 
compactor operator).  This procedure will be used in order to minimize the potential of 
unloading unacceptable waste and to control disposal activity.  Operations at the working 
face will be conducted in a manner which will encourage the efficient movement of 
transportation vehicles to and from the working face, and to expedite the unloading of 
waste. 

 
The approach to the working face will be maintained such that two or more vehicles may 
safely unload side by side (A minimum separation distance of 10 feet is encouraged.).  A 
vehicle turn-around area large enough to enable vehicles to arrive and turn around safely 
with reasonable speed will be provided adjacent to the unloading area.  The vehicles will 
back to a vacant area near the working face to unload.  Upon completion of the unloading 
operation, the transportation vehicles will immediately leave the working face area.  
Personnel will direct traffic as necessary to expedite safe movement of vehicles. 

 
Waste unloading at the landfill will be controlled to prevent disposal in locations other 
than those specified by site management.  Such control will also be used to confine the 
working face to a minimum width, yet allow safe and efficient operations.  The width and 
length of the working face will be maintained as small as practical in order to maintain 
the appearance of the site, control windblown waste, and minimize the amount of cover 
required each day.  Normally, only one working face will be active on any given day, 
with all deposited waste in other areas covered by either daily/periodic, intermediate, or 
final cover, as appropriate. 

 
The procedures for placement and compaction of solid waste include:  unloading of 
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vehicles, spreading of waste into 2 foot lifts, and compaction on relatively flat slopes (i.e. 
5H:1V max.) using a landfill compactor and a minimum number of three full passes. 

 
Caution will be used in wet conditions such that no waste will be placed into ponded 
water.  Likewise, surface water will not be allowed to be impounded over waste. 

 
Wind screens adjacent to the working face may be used as required to control windblown 
waste. 

 
The use of portable signs with directional arrows and portable traffic barricades will 
facilitate the unloading of wastes to the designated disposal locations.  These signs and 
barricades will be placed along the access route to the working face of the landfill or 
other designated areas which may be established. 

 
The removal of solid waste from any landfill unit is prohibited unless an appropriate 
recycling plan has been approved by the DWM.  Regardless, the general public is 
prohibited from any waste removal activities from any landfill unit. 

 
2.5.3  MSW Landfill Unit 

 
2.5.3.1  Cell Operations and Phasing 

 
Each lined landfill unit is divided into cells.  Each cell will be filled in sequence 
until the entire footprint is covered with waste.  Phasing drawings are presented in 
the appropriate permit application for each landfill unit. 

 
It is advantageous to begin to establish final cover grades along the perimeter 
berms as soon as is possible.  This will allow earlier construction of intermediate 
or final cover to promote "clean" runoff and to spread out final cover construction 
costs. 

 
2.5.3.2  Cell Activation 

 
Before placing waste in a particular area of any cell, that area must be connected 
to the leachate collection system (LCS) by removing (or suitably perforating) the 
geosynthetic rain cover (if any) and/or making any required piping connections 
such that all liquid collected in that area will flow to the sump.  Next, just ahead 
of waste placement operations, the Type GT-S geotextile placed over the gravel 
columns is to be cut and removed such that waste will be placed in direct contact 
with the coarse aggregate. 

 
Once an area has reached its effective capacity, operations will move to the next 
scheduled area.  Prior to placing waste in a new area, it must be connected to the 
LCS as described above. 
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2.5.3.3  Placement of Initial Lift 
 
During waste placement operations, the landfill liner system is most vulnerable 
during the placement of the first lift of waste.  The first lift of waste should be 
comprised of select loads spread on top of the protective cover layer.  These 
select loads must be free of long or large pieces of waste that may push through 
the protective cover layer and damage the liner system.  Workers will be 
positioned near the working face to check for any waste which could possibly 
penetrate the protective cover layer.  The first lift should be a minimum of four 
(4) feet thick and provide sufficient area for at least one day's operation without 
placing other areas of the liner in jeopardy. 

 
The side slopes of the liner system are also vulnerable during placement of the 
first lift of waste.  As with the bottom slopes, the first lift of waste against the side 
slopes should be comprised of select loads. 

 
In the event that the landfill staff identifies any damage to any part of the landfill's 
liner system, they should immediately initiate its repair.  Additionally, they 
should document the damage and the repair as a part of the operating record. 

 
2.5.3.4  Equipment Operations Within the Landfill 

 
Both the facility=s operational vehicles and waste transportation vehicles must be 
restricted as follows within the lined landfill: 

 
 Equipment operation directly on the protective cover will be limited to 

rubber-tired vehicles having a maximum ground contact, i.e., tire pressure, of 
less than 32 psi. 

 A minimum vertical separation of 3 feet will be maintained between the 
geomembrane liner and all waste transportation vehicles. 

 A minimum vertical separation of 5 feet will be maintained between the 
geomembrane liner and waste compactors. 

 
The operation of vehicles within those portions of the landfill not actively 
receiving waste should be restricted to activities associated with erosion and 
sedimentation control. 

 
2.5.4 Special Waste Management 

 
2.5.4.1 Asbestos Management (MSW or C&D Landfill Units) 

 
The County may dispose of asbestos within either the MSW or C&D landfill 
units.  Asbestos will only be accepted if it has been processed and packaged in 
accordance with State and Federal (40 CFR 61) regulations.  Asbestos will arrive 
at the site in vehicles that contain only the asbestos waste and only after advance 
notification by the generator. 
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Once the hauler brings the asbestos to the landfill, the hauler will be directed to 
the designated asbestos disposal area by operations personnel.  The designated 
disposal area will be prepared by operations personnel by leveling a small area 
using a dozer or loader.  Prior to disposal, the landfill operators will stockpile 
cover soil near the designated asbestos disposal area.  The volume of soil 
stockpiled will be sufficient to cover the waste and to provide any berms, etc. to 
maintain temporary separation from other landfill traffic. 

 
Once placed in the prepared area, the asbestos waste will be covered with a 
minimum of 18 inches of cover soil placed in a single lift.  The surface of the 
cover soil will be compacted and graded using a tracked dozer or loader.  The 
landfill compactor will be prohibited from operating over asbestos disposal areas 
until at least 18 inches of cover is in-place. 

 
The landfill staff will record the approximate location and elevation of the 
asbestos waste once cover is in-place (typically using a GPS device).  The Solid 
Waste Director will then review pertinent disposal and location information to 
assure compliance with regulatory requirements and enter the information into the 
Operating Record. 

 
Once disposal and recording for asbestos waste is completed, the disposal area 
may be covered with waste.  No excavation into designated asbestos disposal 
areas will be permitted. 

 
In general, for the lined landfill unit(s), no asbestos will be stored over gravel 
columns or over sump areas in order to minimize the potential for future 
disturbance. 

 
2.5.4.2  Sewage Sludge Management (MSW Landfill Unit) 

 
Sewage sludge may be accepted for disposal within the MSW landfill unit in 
accordance with Federal and State requirements.  Sewage sludge will be 
co-disposed along with other wastes if the sludge passes the liquids restriction 
criteria (i.e., the Paint Filter Test) and has an acceptable Toxicity Characteristic 
Leaching Procedure (TCLP) test.  Such testing will be the responsibility of the 
generator, but landfill staff may conduct spot testing. 

 
In order to minimize the potential for clogging of the leachate collection and 
removal system, sewage sludge will not be placed within the first lift of waste.  
Sewage sludge may also be used as a soil conditioner incorporated into the 
vegetative soil layer of the final cover. 

 
2.5.4.3  Spoiled Food and Animal Waste (MSW Landfill Unit) 

 
The disposal of spoiled foods, animal carcasses, and other animal wastes within 
the MSW landfill unit will be handled as follows.  The generator of the material 
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must call in advance to the landfill, and a determination will be made as to 
whether or not the waste will be accepted.  If the waste is approved, the generator 
will present the waste at a predetermined time.  An area for disposal will already 
have been prepared and the waste will be covered immediately. 

 
2.5.5 Daily or Periodic Cover 

 
2.5.5.1  MSW Landfill Unit 
 
At the completion of waste placement each day, a 6 inch layer of earthen material 
or approved alternate daily cover (i.e. tarps, etc.) will be placed over the working 
face.  This daily cover is intended to control vectors, fire, odors, and blowing 
litter.  If the County should desire to use an alternate daily cover, a formal request 
and an appropriate demonstration will be made to the DWM. 

 
2.5.5.2  C&D Landfill Unit 

 
At the completion of waste placement each week, or sooner if the area of exposed 
waste exceeds one-half acre in size, a 6-inch layer of earthen material or other 
material as approved by the DWM will be placed over the exposed waste.  This 
periodic cover is intended to control vectors, fire, odors, and blowing debris. 

 
2.5.6 Intermediate Cover 

 
A 12 inch layer of soil cover should be placed on all waste surfaces that have not 
received waste in 30 days but are below final elevation.  This intermediate cover should 
be seeded immediately and graded such that all precipitation run-off is channeled to the 
surface water systems. 

 
2.5.7  Height Monitoring 

 
Approximately every month, the landfill staff will monitor landfill top and side slope 
elevations with a level.  When such elevations approach design grades, the final top-of-
waste grades will be staked to limit over-placement of waste. 

 
2.6  DECONSTRUCTION OF MOBILE HOMES 
 
The deconstruction of mobile homes is handled in an area adjacent to the C&D landfill unit.  A 
description of the process is provided in Appendix D. 
 
2.7  ASPHALT SHINGLE RECYCLING 
 
The recycling of asphalt shingle recycling is handled in an area adjacent to the C&D landfill 
unit. A description of the process is provided in Appendix E. 
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2.8  RECYCLING CENTER OPERATIONS 
 
The landfill facility=s recycling center is used to separate commingled recyclable material from 
curbside collection programs and County convenience/recycling centers, as well as source 
separated recyclables such as cardboard.  The facility is equipped with a conveyor system to 
facilitate hand sorting of materials, bins for storage, and a baler.  Cardboard, mixed paper, old 
newsprint, aluminum, steel cans, glass, and plastic are typically handled at the facility.  Other 
materials are recycled as there are available markets. 
 
2.9  CONVENIENCE CENTER OPERATIONS 
 
The operation of the citizen=s convenience center is as follows: 
 
The convenience center is set up with up to eight 40 yard roll-off containers and other facilities 
for the collection and temporary storage of MSW (small loads) and recyclables.  The County 
currently typically collects the following materials for recycling: 
 

 Fiber (Newspaper, Cardboard, Mixed Residential Paper, and Office Paper); 
 Glass Beverage Containers (Clear, Brown, and Green); 
 Aluminum and Steel Cans; 
 Recyclable Rigid Plastic Containers (#1 through #7); 
 Textiles (Clothing, Bedding, Shoes/Belts, and Other Household Textiles); 
 Automotive and Rechargeable Batteries; 
 Used Motor Oil and Oil Filters; 
 Consumer Electronics; 
 White Goods and Scrap Metal; and 
 Used Tires. 

 
The list of accepted materials may change from time to time at the discretion of the County and 
depending on available recycling markets. 
 
Within the white goods handling area/building, County personnel remove the freon, as 
necessary, and load the white goods into three to four large roll-off containers.  Typically, every 
week, the County hauls the full containers to a local salvage yard, where the white goods can be 
recycled. 
 
Used tires are collected at the convenience center in typically up to five trailers.  Once one or 
more trailers are full, the used tires are taken to a tire recycler for recycling. 
 
A full time attendant looks over the convenience center operations. 
 
2.10  HOUSEHOLD HAZARDOUS WASTE COLLECTION FACILITY OPERATIONS 
 
The household hazardous waste (HHW) collection facility accepts only household hazardous 
wastes and wastes from conditionally exempt small quantity generators (as determined by 
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County personnel).  The facility is designed to handle HHW from the following general 
categories: 1) yard and garden products; 2) automotive products; 3) paints and solvents; 4) 
household cleaning products; and 5) miscellaneous HHW.  A detailed description of the 
operation of the HHW collection facility, including procedures for both normal operations and a 
contingency plan for emergency situations, is provided in Appendix F. 
 
2.11  SWAP SHOP OPERATIONS 
 
The swap shop operates as an exchange program in order to cut down on unnecessary waste 
disposal.  County residents may drop off unwanted usable items or may take items left by others.  
 
2.12  STORM DEBRIS 
 
The County has identified two sites at the facility for the management storm debris on a 
temporary basis in case of emergency or natural disaster.  These sites, which are shown on 
Figure 1, are located to the east of the closed Holly Grove Landfill and at the northeast end of 
the Phase 2 landfill unit (within future Area 3).  The County will notify the DWM (see Section 
1.2.2) as soon as practical in the event that one or both of these sites are to be utilized.  The 
County will also notify the DWM once the last material is removed. 
 
 



  
Davidson County Landfill Facility Operations Manual 
May 2012 ENVIRONMENTAL MANAGEMENT  Page 3.0-1 

SECTION 3.0 
ENVIRONMENTAL MANAGEMENT 

 
3.1  OVERVIEW 
 
This section reviews the overall environmental management tasks required for the successful 
operation of the landfill facility.  Emphasis is given to the supplemental tasks required for the 
lined landfill units. 
 
3.2 SURFACE WATER CONTROL 
 
As used herein, the definition of Asurface water@ is water which results from precipitation or site 
run-on that has not contacted the waste. 
 
Proper control of surface water at the landfill will accomplish the following goals: 
 

 Minimize the potential for the discharge of pollutants to waters of the United States, 
including wetlands (point or non-point sources); 

 
 Prevent the run-on of surface water into the lined landfill unit(s) or the active face(s); 

 
 Prevent the run-off of surface water that has come into contact with the waste (i.e. 

leachate); 
 

 Limit the erosion caused by surface waters; 
 

 Limit sediments carried off-site by surface waters; and 
 

 Maximize the SEPARATION of SURFACE water from LEACHATE. 
 
Separate erosion and sedimentation control plans have been provided for the various landfill 
units.  These plans describe both short and long term engineered features and practices for 
preventing erosion and controlling sedimentation at this site.  The following is a brief discussion 
of some of these features and practices, focusing more on the landfill units. 
 

3.2.1 Surface Water Run-On Control 
 

The perimeter berms and/or perimeter channels around the landfill unit(s) are designed to 
prevent the run-on of surface water from adjacent land into the landfill.  Additional 
structures such as diversion berms, channels, down pipes, etc. carry surface water away 
from the landfill. 

 
3.2.2 Active Face Run-Off Control 

 
Particular care is required to ensure that surface water coming from the active face, e.g. 
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having potential contact with the waste, is captured by the leachate collection system 
(LCS) and/or is allowed to percolate into the underlying waste.  Only run-off from waste 
surfaces that have received adequate cover is not considered leachate and should be 
directed to the stormwater drainage system where practical. 

 
3.2.3 Separation of Stormwater/Leachate - MSW Landfill Unit 

 
The stormwater separation system is accomplished by dividing each MSW landfill unit 
into separate cells to reduce the volume of leachate generated and minimize the 
impoundment of stormwater within the landfill.  The separation system allows 
stormwater in cells which have not yet received waste to be pumped out of the landfill to 
perimeter drainage features.  During activation of a cell, the Owner will connect the cell 
to the LCS as discussed in Section 2.5.3.2. 

 
3.2.4 Erosion Control 

 
The serviceability of the landfill relies heavily on soil berms, barrier layers, and 
agricultural layers that are readily eroded by flowing water.  Erosion control provisions 
incorporated in the landfill include the following: 

 
 The slope of the working face must be no steeper than 5H:1V where practical 

to limit erosion of the daily/periodic cover. 
 
 Intermediate cover that has been exposed for more than 30 days must be 

seeded immediately and repaired when erosion features are identified. 
 

 Drainage breaks (diversion berms, rain gutters, etc.) are provided on the final 
cover to limit the flow length of run-off. 

 
 Water collected by each drainage break is routed to stormwater drainage 

channels or down pipes so that the run-off volume does not accumulate going 
down the slope. 

 
 The vegetative soil layer placed over the final cover must be seeded 

immediately. 
 

Additional erosion control measures have been taken within the drainage channels and at 
points of stormwater discharge.  All final cover should be inspected regularly for erosion 
damage and promptly repaired.  Revegetation should be performed in accordance with 
the requirements of the applicable erosion and sedimentation control plan and/or the NC 
Erosion and Sedimentation Control Planning and Design Manual1. 

 
 

                                                 
1 NC Division of Land Resources (Current Update), North Carolina Erosion and Sediment Control Planning and 
Design Manual, NCDENR - Division of Land Resources - Land Quality Section, Raleigh, NC. 
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3.2.5 Sedimentation Control 
 

Stormwater run-off from the landfill unit(s) is conveyed to one of the on site sediment 
basins and/or traps.  These basins and/or traps should be inspected regularly for sediment 
build-up or erosion damage.  The basins and/or traps should be cleaned out when 
sediment fills the lower half of the basin. 

 
3.2.6 NPDES Requirements 

 
The County will follow the requirements of applicable National Pollutant Discharge 
Elimination System (NPDES) permit requirements for the site.  Requirements include 
periodic inspections, qualitative monitoring, and sampling of stormwater discharge 
points.  The County will keep records of all inspections, monitoring, and sampling 
activities (including any test results) in the operating record. 

 
3.3 LEACHATE MANAGEMENT - MSW LANDFILL UNITS 
 
The leachate management system for the MSW landfill units consists of the LCS, the leachate 
transmission piping, pumps, valve boxes, valves, the existing leachate storage lagoon (Closed 
Phase 1 unit), and the leachate storage tanks (Active Phase 2 unit). 

 
Leachate from each MSW landfill unit is collected in the leachate sumps at the low end(s) of 
each unit.  Leachate collected in each sump is pumped to the leachate storage lagoon (Phase 1 - 
Area 2) or leachate storage tanks (Phase 2) via a HDPE force main (except for Areas 1 and 3 of 
Phase 1 which drain via a gravity penetration and HDPE gravity main).  From the storage tanks, 
the leachate is pumped into tanker trucks and hauled (or may in the future be pumped via force 
main) to a local wastewater treatment plant (WWTP).  If approved in the future, the County may 
implement leachate recirculation in Phase 2 once enough waste is in place.  Planned methods of 
leachate recirculation are as described in Appendix F.  Refer to the appropriate permit 
application for a detailed discussion and details of the leachate management system for each 
lined landfill unit. 
 

3.3.1  Leachate Collection System (LCS) 
 

A blanket drainage layer (either natural and/or geosynthetic drainage media) covers the 
liner system to collect and remove leachate draining from the waste.  In addition, a large 
flow capacity network of perforated pipe and gravel drains is constructed in the blanket 
drain.  The LCS is designed to remove inflow from a 25-year, 24-hour rainstorm.  As 
such, its capacity is very large compared to that required to accommodate routine 
leachate generation rates once waste covers the landfill footprint. 

 
The LCS has been designed to minimize the impact of long-term biological clogging as 
follows: 

 
 Cleanouts are provided on the major perforated leachate collection pipes; 
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 No geotextiles will be used between the waste and the gravel columns; and 
 

 The use of coarse aggregate around collection pipes (gravel colunns) allows 
hydro-washing of the pipe and aggregate to remove biological growth. 

 
3.3.1.1  Drainage Aggregate Maintenance 

 
The exposed surface of the drainage aggregate should be inspected monthly and 
after each large rain storm to check for buildup of sediment on the aggregate.  
Sediment buildup must be periodically removed carefully with a backhoe.  
Aggregate that is removed must be replaced with new clean material.  Per Section 
2.5.3.2, the Type GT-S geotextile overlying the gravel column must be removed 
just prior to the placement of waste over that portion of gravel column. 

 
3.3.1.2  Collection Pipe Cleanout 

 
Remote camera inspection and flushing (if necessary) of all leachate collection 
piping accessible with a cleanout port will be performed every 3 years or earlier if 
an abnormal reduction in leachate production is observed.  An abnormal reduction 
is defined as a drop in monthly leachate production of 30% or more as compared 
to the monthly average over the prior 6 month period and which does not appear 
to be the result of a reduction in rainfall, the covering of new cell areas, etc.  If 
piping is mostly clean at the initial 3 year inspection, the County may petition the 
DWM to increase the inspection frequency to 5 year intervals. 

 
The locations of the collection system that have sediment or biological growth 
buildup will be cleaned using high pressure water jetting equipment.  The water 
jetting system should generate greater than 2,000 psi water pressure.  Use of the 
high pressure water jetting equipment should generally be limited to only those 
portions of the piping system with buildup. 

 
3.3.1.3  Leachate Removal 

 
As constructed, leachate is collected in one or more sumps at the low points of the 
landfill and is removed from the landfill via a side riser pump or through a gravity 
penetration.  The leachate is routed to the leachate storage lagoon or tanks via a 
force main or gravity main. 

 
Under normal conditions, the County will remove (via pump and haul) leachate 
from the Phase 2 primary storage tank (Tank A) at a rate to maintain a typical 
volume of 100,000 gallons (approximate 10 foot depth in one tank), or less, of 
leachate in the tank.  This allows ample volume in the tank to handle the 
anticipated Asurge@ event caused by a design storm and minimizes the potential 
for ponding within the landfill.  Additional draw-down of the tank to a minimum 
volume of approximately 10,000 gallons (approximate 1 foot depth in tank) will 
be performed in advance of predicted heavy rainfall (tropical storm, hurricane, 
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etc.). 
 

3.3.1.4 Operation and Maintenance of Leachate Pumps and Storage Tanks 
 
Operation and maintenance of leachate pumps and the storage tanks will be in 
accordance with the appropriate manufacturer=s recommendations.  The County 
Solid Waste Director or his designee will be responsible for following and 
documenting, as required, these activities. 

 
3.3.2  Leachate Quality Sampling 

 
Semi-annual leachate quality sampling and analysis will be performed during operation 
of the MSW landfill units.  Samples will be recovered as grab samples from the 
following locations: 

 
 Phase 1:  Sample from existing leachate storage lagoon; and 
 Phase 2:  Sample from leachate storage tanks. 
 

The parameters to be analyzed will include BOD, COD, temperature, conductivity, pH, 
ammonia, suspended solids, Appendix I constituents, sulfates, and nitrates. 

 
3.3.4 Record Keeping 

 
Accurate records for the following will be maintained at the landfill in accordance with 
Section 1.13. 

 
Leachate Generation (Monthly): 

 
Phase 1 (Quantity hauled from leachate lagoon); and 
Phase 2 (Quantity hauled from leachate tank and/or flowmeter data). 
 
Note that records should also indicated periods when no leachate was hauled. 

 
Leachate Quality (Semi-Annual): 

 
Phase 1 (From leachate lagoon); and 
Phase 2 (At side risers tank). 

 
3.3.5 Leachate Contingency Plan 

 
In the unlikely event that leachate levels within the existing leachate storage lagoon or 
tank approach the freeboard capacity, due to unforeseen events, the DWM will be 
verbally notified (see Section 1.2.2) and the leachate flow will be valved off and 
temporarily stored in the landfill until the level of leachate in the lagoon or tank can be 
lowered by pump and haul operations or direct pumping if a force main is in place.  
Written documentation describing the unforeseen events, the actions carried out to 
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remove the stored leachate, and a strategy for preventing future occurrences will be 
provided to the DWM within 30 days following any such occurrence. 

 
3.3.6 Leachate Release Prevention Plan 

 
In order to minimize the potential release of leachate outside the leachate management 
system, County personnel will follow the procedures outlined in the Leachate Release 
Prevention Plan (see Appendix G).  This plan outlines weekly inspection procedures (for 
leachate storage tank area), training requirements, and record keeping as well as 
procedures to be taken should a leachate release occur. 

 
3.4  LEACHATE MANAGEMENT - C&D LANDFILL UNIT 
 
In order to ensure that heads at the low end of Phase 1 are not excessive, the County will 
periodically use a lift pump to pump out leachate from the low end of Phase 1 via a side riser 
pipe into a tanker truck for transfer either into the County=s existing storage lagoon or to a 
wastewater treatment plant (WWTP). 
 
3.5  WATER QUALITY MONITORING 
 
The monitoring program and procedures outlined in the current water quality monitoring plan(s) 
will be followed for the monitoring of site groundwater monitoring wells and surface water 
monitoring locations.  Documentation of the water quality monitoring program will be placed in 
the facility operating record as described in Section 1.13. 
 
3.6 LANDFILL GAS (LFG) MANAGEMENT 
 

3.6.1 MSW Landfill Units 
 

A landfill gas (LFG) management system is included as part of the design of the MSW 
landfill units.  Refer to the appropriate permit application for a detailed discussion and 
details of the LFG management system for each landfill unit. 
 
As the operation and maintenance of these systems involves contact with explosive 
gases, operational staff involved with the operation and maintenance of this system 
should be specifically trained in the management and response for situations such as fire 
or explosion, confined space, drilling, and overhead hazards, or any other mechanical 
hazards addressed by the equipment Manufacturer=s literature.  Although this manual 
does not address the operation of the LFG management system, reference is made to the 
Landfill Gas Operation and Maintenance Manual of Practice prepared by the Solid Waste 
Association of North America (SWANA)2, which provides a general body of knowledge 

                                                 
2 SWANA (1997),  Landfill Gas Operation and Maintenance Manual of Practice, SR-430-23070, Solid 

Waste Association of North America, Silver Spring, MD, March 1997. 
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concerning the operation and maintenance of these systems. 
 
3.6.2 C&D Landfill Unit 

 
Landfill gas (LFG) generated from the C&D landfill unit will be vented using passive 
vents placed at the time of closure.  Refer to the appropriate permit application for details 
of these vents. 

 
3.7 LANDFILL GAS (LFG) MONITORING PLAN 
 
The County will implement a routine landfill gas (LFG) monitoring program to ensure that 
methane concentrations do not exceed 25 percent of the lower explosive limit (LEL) (1.25% 
methane (CH4)) in facility structures, or 100 percent of the LEL (5% CH4) at property 
boundaries.  LFG monitoring activities and remedial actions for concentrations exceeding these 
requirements will be in accordance with the site=s current landfill gas monitoring plan(s). 
 

3.7.1 Record Keeping 
 

Results of LFG monitoring and description of any remedial measures will be placed in 
the facility operating record as described in Section 1.13. 

 
3.8 VECTOR CONTROL 
 

3.8.1  MSW Landfill Units 
 

Control of insects, rodents, and birds will be accomplished by compaction of the waste 
and the use of daily cover.  If vector control becomes a problem, additional measures will 
be taken to ensure the protection of human health. 

 
3.8.2  C&D Landfill Unit 

 
Due to the nature of the waste disposed in this landfill unit, vector control is not 
anticipated to be of concern.  Note that the use of periodic cover will discourage animals 
from nesting in the waste. 

 
3.9 LITTER CONTROL 
 
The vegetative trees/bushes act as a barrier to keep litter contained within the site and a litter 
control crew will pick up litter around the site and on access roads daily as necessary.  Wind 
screens adjacent to active areas will be used as required to control windblown waste.  
Additionally, landfill staff will make operational changes as practical based on wind conditions 
that may spread litter. 
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3.10 ODOR CONTROL 
 

3.10.1  MSW Landfill Units  
 

Odorous or potentially odorous materials will be covered as soon as possible to avoid 
odor problems.  If odor control becomes a problem, additional measures will be taken to 
ensure odor control. 

 
3.10.2  C&D Landfill Unit 

 
Due to the nature of the waste disposed in this landfill unit, odor control is not anticipated 
to be of concern.  However, if odor control becomes a problem, additional measures 
(such as additional cover over wastes such as drywall) will be taken to ensure odor 
control. 

 
3.11 DUST CONTROL 
 
Dust related to waste hauler traffic on the access roads will be minimized by using a water truck 
to limit dust on the gravel portions of site roads.  Dust generated by excavation of cover soil will 
be limited by watering the cut soil areas if accessible to the water truck. 
 
3.12  AIR QUALITY 
 
The County will follow all air quality requirements which are applicable to the landfill facility.  
This includes applicable requirements developed under a State Implementation Plan (SIP) 
approved or promulgated by the U.S. EPA Administrator pursuant to Section 110 of the Clean 
Air Act. 
 
3.13 LEACHATE SEEPS 
 
Leachate seeps can occur due to a variety of circumstances.  The goal in dealing with leachate 
seeps is to prevent seepage from leaving the limits of waste disposal areas and to minimize the 
potential for reoccurrence.  If evidence of leachate seeps is observed, the County will take the 
following actions.  Depending on the circumstances, various combinations of actions may be 
appropriate. 
 

1.  If leachate is observed outside of the limits of waste disposal areas, notify the 
DWM (see Section 1.2.2). 

2.  Contain the flow of leachate using soil berms and/or excavation. 
3.  Excavate the area of seepage to attempt to allow flow into the underlying waste 

(i.e. break-up soil layers that may be causing the seep.). 
4.  For contained leachate that will not flow into underlying waste, a pump may be 

required to route the leachate to an existing leachate collection system cleanout 
pipe (lined landfill units) or to a tanker truck.  

5.  For lined landfill units, french drains may be utilized for routing the seepage to 
the leachate collection system (via cleanout pipes). 
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6.  The use of soil (particularly clay) to plug the seepage may also be successful in 
the case where flows are minor. 

7.  Remove and dispose of impacted cover soils accordingly. 
8.  Repair landfill cover as necessary. 
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 9095-1 

METHOD 9095 
PAINT FILTER LIQUIDS TEST 

From EPA SW-846 
 
 
1.0 SCOPE AND APPLICATION 
 

1.1 This method is used to determine the presence of free liquids in a representative 
sample of waste. 

 
1.2 The method is used to determine compliance with 40 CFR 264.314 and 265.314. 

 
2.0 SUMMARY OF METHOD 
 

2.1 A predetermined amount of material is placed in a paint filter.  If any portion of 
the material passes through and drops from the filter within the 5 minute test 
period, the material is deemed to contain free liquids. 

 
3.0 INTERFERENCES 
 

3.1 Filter media were observed to separate from the filter cone on exposure to 
alkaline materials.  This development causes no problem if the sample is not 
disturbed. 

 
4.0 APPARATUS AND MATERIALS 
 

4.1 Conical paint filter:  Mesh number 60 (fine meshed size).  Available at local paint 
stores such as Sherwin-Williams and Glidden for an approximate cost of $0.07 
each. 

 
4.2 Glass funnel:  If the paint filter, with the waste, cannot sustain its weight on the 

ring stand, then a fluted glass funnel or glass funnel with a mouth large enough to 
allow at least 1 inch of the filter mesh to protrude should be used to support the 
filter.  The funnel is to be fluted or have a large open mouth in order to support 
the paint filter yet not interfere with the movement, to the graduated cylinder, of 
the liquid that passes through the filter mesh. 

 
4.3 Ring stand and ring or tripod. 

 
4.4 Graduated cylinder or beaker:  100-mL. 

 
5.0 REAGENTS 
 

5.1 None. 
 
 
 



 
 9095-2 

6.0 SAMPLE COLLECTION, PRESERVATION, AND HANDLING 
 

6.1 All samples must be collected according to the directions in Chapter Nine of EPA 
SW-846. 

 
6.2 A 100 mL or 100 g representative sample is required for the test.  If it is not 

possible to obtain a sample of 100 mL or 100 g that is sufficiently representative 
of the waste, the analyst may use larger size samples in multiples of 100 mL or 
100 g, i.e., 200, 300, 400 mL or g.  However, when larger samples are used, 
analysts shall divide the sample into 100-mL or 100-g portions and test each 
portion separately.  If any portion contains free liquids, the entire sample is 
considered to have free liquids. 

 
7.0 PROCEDURE 
 

7.1 Assemble test apparatus as shown in Figure 1. 
 

7.2 Place sample in the filter.  A funnel may be used to provide support for the paint 
filter. 

 
7.3 Allow sample to drain for 5 minutes into the graduated cylinder. 

 
7.4 If any portion of the test material collects in the graduated cylinder in the 5-min. 

period, then the material is deemed to contain free liquids for purposes of 40 CFR 
264.314 and 265.314. 

 
8.0 QUALITY CONTROL 
 

8.1  Duplicate samples should be analyzed on a routine basis. 
 
9.0 METHOD PERFORMANCE 
 

9.1 No data provided. 
 
10.0 REFERENCES 
 

10.1 None required. 
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Davidson County Integrated Solid Waste Management Department 
Davidson County Landfill 

Permit No. 29-06 
(336) 242-2284 

 WASTE SCREENING FORM 
 
Day / Date:      Time Weighed in:   
Truck Owner:      Driver Name:    
Truck Type:      Vehicle ID / Tag No:   
Weight:      Tare:     
Waste Generator / Source:   
  

 
Reason Load Inspected: Random Inspection    Staff Initials   

Detained at Scales    Staff Initials   
Detained by Operating Staff   Staff Initials   

 
Inspection Location:   
 
Approved Waste Determination Form Present? Yes      No                  N/A   
 
Description of Load:   
  
  
 
Load Accepted (signature)        Date    
Load Not Accepted (signature)       Date    
  
  
 
Reason Load Not Accepted (complete only if load not accepted) 
 
Description of Suspicious Contents:  

Color:   Hazardous Waste Markings: 
Texture:    

Drums Present:   Smell: 
Est. Cubic Yards in Load:    

Est. Tons in Load:    
 
Davidson County Emergency Management Contacted? Yes   No   

 
Company or Authority Contacted?    
Hazardous Materials Present:    
  
 
Hauler Notified (if waste not accepted)   Phone:   Time Contacted: 
Other Observations:   
  
 
Final Disposition 
Signed:         Date     
         Waste Screening Inspector or Solid Waste Director 
 
Attach related correspondence to this form. 
File completed form in Operating Record. 
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DAVIDSON COUNTY 
DAVIDSON COUNTY LANDFILL FACILITY 

 
OPERATIONS MANUAL 

APPENDIX C:  LEACHATE RECIRCULATION PLAN 
 
1.0 OVERVIEW 
 
Davidson County has recirculated leachate into the Phase 1 MSW landfill unit (Areas 1 and 3) 
using horizontal injection trenches and plans to recirculate leachate within the Phase 2 MSW 
landfill unit both as an alternative to leachate treatment and to promote biodegradation of the 
waste to produce settlement and resulting additional airspace.  By-products of leachate 
recirculation will be a more biologically stable waste mass and an accelerated production of 
landfill gas (LFG). 
 
Davidson County plans to use one or more of the following methods to recirculate leachate in 
Phases 2 (See also Section 2.3): 
 

$ Horizontal Injection Systems (Trenches/Blanket Drains); 
$ Vertical Injection Wells; 
$ Ponds or Near-Surface Trenches; and/or 
$ Direct Application at Working Face. 

 
Each of these methods is discussed in Section 4.0. 
 
2.0  REGULATORY REQUIREMENTS 
 
The recirculation of leachate within lined MSW landfills is provided for in Federal RCRA 
Subtitle D regulations and not prohibited in North Carolina regulations.  It is anticipated that 
design and operational requirements for recirculation will evolve from guidance provided by the 
Solid Waste Section of the North Carolina Division of Waste Management (DWM). 
 

2.1  40 CFR 258  RCRA Subtitle D 
 

Federal regulations provide both specific and implied requirements that must be met by 
landfills recirculating leachate.  Relevant sections of the Federal regulations are as 
follows: 

 
'258.28 (a):  Bulk or non-containerized liquid waste may not be placed in the MSWLF 
units unless:  (1) The waste is household waste other than septic waste; or (2) The waste 
is leachate or gas condensate from the MSWLF unit and the MSWLF unit, whether it is a 
new or existing MSWLF, or lateral expansion, is designed with a composite liner and 
leachate collection system as described in '258.40(a)(2) of this part... 
 
'258.40(a)(2):  With a composite liner, as defined in paragraph (b) of this section and a 
leachate collection system that is designed and constructed to maintain less than a 30-cm 
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depth of leachate over the liner.  (b) For purposes of this section, composite liner means a 
system consisting of two components:  the upper component must consist of a minimum 
30-mil flexible membrane liner (FML), and the lower component must consist of at least 
a two-foot layer of compacted soil with a hydraulic conductivity of no more than 1x10-7 
cm/sec... 

 
2.2  North Carolina Rule NCAC T15A: 13B.1600 

 
North Carolina regulations mirror the above referenced Federal regulations in Rule 
.1624(b)(1) related to design and construction, Rule .1624(b)(2)(A) related to maximum 
head, and Rule .1626(9)(a)(ii) related to recirculation of leachate.  Currently, the 
implementation of leachate recirculation is administered using policy established in 
DWM guidance for leachate recirculation.  This guidance establishes basic elements that 
must be incorporated into a leachate recirculation plan prior to implementation of a 120-
day trial period and eventual long-term operation.  Key elements of this guidance are 
listed on Table 1 along with the location in this plan where the element is addressed. 

 
2.3  Recirculation Over Alternative Liners 

 
Recently Federal approval was given for states to issue research, development, and 
demonstration (RD&D) permits which would allow leachate recirculation over 
alternative liners.  Davidson County will not proceed with implementation of a leachate 
recirculation system over an alternative liner until North Carolina adopts this approval. 

 
3.0  IMPACT OF LEACHATE RECIRCULATION ON THE LEACHATE 

COLLECTION SYSTEM (LCS) 
 
The HELP (v. 3.07) Model was used to evaluate the impact of leachate recirculation on the 
ability of the LCS to maintain no more than 12 inches of head acting on the composite liner 
system (except in sumps).  This analysis indicates that the average head acting on the liner 
system is less than 12 inches when a minimum of 30 feet of waste is in place prior to initiating 
recirculation.  The short-term HELP evaluations are conservative in that only a single 30 foot lift 
of waste is modeled for a 5 year period.  As the height of waste is increased, the storage capacity 
within the waste increases and the resulting head on the liner system decreases.  
 
4.0  LEACHATE RECIRCULATION METHODS AND OPERATIONAL 

CONSIDERATIONS 
 
As noted above, Davidson County plans to use one or more methods of recirculating leachate 
into the waste mass.  For all methods, a minimum of 30 feet of waste should be in place in the 
landfill unit prior to the start of leachate recirculation activities.  The following sections cover 
these methods and describe the associated operational considerations.  Note that all injection 
trenches, blanket drains, vertical injection wells, and near-surface injection trenches which are 
installed will be documented using the form provided in Appendix C1. 
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4.1  Horizontal Injection Systems (Trenches/Blanket Drains) 
 

Horizontal injection systems will consist of either injection trenches or blanket drains 
installed horizontally within the landfill.  Leachate will be pumped into these systems 
from the landfill sump pumps using piping placed on the landfill side slopes.  Valves will 
be utilized as required to control the injection to individual trenches or blanket drains. 

 
Injection trenches will consist of a trench excavated in the surface of the waste mass and 
filled with porous media (stone, tire shreds/chips, crushed glass, etc.) and a perforated 
injection pipe and backfilled with waste.  The trenches are placed at an approximate 30 
foot vertical spacing and a maximum 80 foot horizontal spacing.  Each successive 
vertical gallery is staggered to provide for more uniform leachate distribution. 

 
Blanket drains will consist of a blanket drain (drainage geocomposite or layer of porous 
media) placed in contact with the waste.  A perforated injection pipe(s) will be placed 
under/within the blanket drain.  A lift of waste will be placed over the entire drain before 
leachate recirculation begins. 

 
The leachate injection piping for horizontal injection systems will be high density 
polyethylene (HDPE) fusion welded pipe having a dimension ratio (DR) of 11 or thicker 
in order to tolerate expected settlement in the underlying waste.  Leachate will be 
injected under a minimum 10 psi pressure through a series of 1/8 inch holes spaced 10 
feet apart.  Field tests by RSG have confirmed that this hole size and spacing allows for a 
very uniform release of leachate from each hole for pipe lengths up to 800 feet in length.  
Other perforation patterns and injection pressures may also be tried. 

 
Drawing LR1 (Leachate Recirculation Details - Sheet 1 of 2) of the Phase 2 - Area 2 
Permit to Construct drawings shows details for the construction of horizontal injection 
systems. 

 
Depending on the construction of the horizontal injection systems (in particular the 
perforation pattern of the injection piping) these systems may be used for the future 
collection of landfill gas (LFG).  Optionally, additional perforated piping for LFG 
collection may be installed during the construction of the horizontal injection systems. 

 
4.2  Vertical Injection Wells 

 
Leachate recirculation using vertical injection wells will consist of installing large or 
small diameter vertical wells into the waste and injecting leachate through a perforated or 
slotted pipe (with SCH 80 PVC or HDPE) in much the same fashion as horizontal 
injection systems.  The bottom of vertical injection wells will be no closer than 10 feet 
from the top of the protective cover. 
 
Large diameter wells will consist of drilling a 36 inch diameter borehole through the 
waste using a bucket auger, placing a perforated injection pipe and backfill of porous 
media and completing the well in much the same manner as a landfill gas (LFG) well.  
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Optionally, large diameter wells can be constructed using perforated concrete manhole 
sections which are placed as the height of waste increases.  These manhole sections are 
filled with porous media and perforated or slotted piping is placed both in the well and 
radially out from the wells in varying vertical locations to distribute the leachate. 

 
Small diameter wells will consist of drilling small diameter boreholes with hollow stem 
augers or by vibratory methods and placing a perforated or slotted injection pipe in direct 
contact with the waste. 

 
Drawing LR2 (Leachate Recirculation Details - Sheet 2 of 2) of the Phase 2 - Area l 
Permit to Construct drawings shows a detail for the construction of a vertical injection 
well. 

 
As for horizontal injection systems, vertical injection wells (in particular large diameter 
wells) may be used for the future collection of LFG. 

 
4.3  Ponds or Near-Surface Trenches 

 
Leachate recirculation using ponds or near-surface trenches will consist of excavating 
shallow ponds or near-surface trenches in flat areas of the landfill which are inactive and 
filling with leachate to allow the leachate to percolate into the waste below.  Either a 
water truck or piping connected to the leachate pumps will be used to apply leachate to 
either the ponds or near-surface trenches. 

 
Ponds should have no more than a 2 foot depth of leachate and require a small soil berm 
around the perimeter of the pond to maintain at least 1 foot of freeboard.  If ponds are 
used, the site may need to employ additional measures to control odors. 

 
Near-surface trenches will consist of an excavated trench up to a maximum 10 foot depth 
which is filled with porous media and a perforated recirculation pipe and backfilled with 
waste.  If it is desired to collect LFG in the future, HDPE (DR 11 or thicker wall) pipe 
should be used. 

 
Drawing LR2 of the Phase 2 - Area 2 Permit to Construct drawings shows details for the 
construction of ponds or near-surface trenches. 

 
4.4  Direct Application at Working Face 
 
Direct application at the working face will consist of applying leachate using a water 
truck or piping connected to the leachate pumps directly to the waste.  The quantity of 
leachate applied will be limited to that which does not create standing water.  Landfill 
staff may need to utilize small soil berms to contain any leachate runoff depending 
mainly on the slope of the area where the application is taking place.  To prevent 
exposure to workers, the application should only be performed during periods when 
haulers and other landfill staff are not present in the area.  Once applied, the waste should 
be covered with either waste or daily cover shortly after wetting to contain odors.  Direct 
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application at the working face will only be done during daylight hours and no leachate 
will be applied to the working face when it is raining, or when the waste is too wet.  
Additionally, spray applications should be avoided in windy conditions. 

 
4.5  Other Operational Considerations 

 
Other operational considerations to be considered in recirculating leachate are as follows: 

 
$ Removal of Daily/Intermediate Cover Soil:  It is recommended that existing 

daily/intermediate soil be removed as practical before the placement of additional 
lifts of waste as excess soil in the landfill can lead to preferential flow paths and 
leachate seeps. 

 
$ Decreased Waste Compaction:  Consideration should be given to decreasing the 

compaction effort in the lift or two of waste under planned locations of horizontal 
injection systems and ponds or near-surface trenches.  This will allow greater 
quantities of leachate to be recirculated as well as a greater dispersion of leachate 
in these locations. 

 
5.0  FACILITY MONITORING 
 
The facility must be monitored to ensure that the combination of leachate recirculation and 
natural precipitation does not produce excessive head on the liner system, side slope seeps, or 
stability problems.  This section reviews a monitoring system to be installed in the landfill to 
monitor both weather and leachate quantities. 
 

5.1  Weather Monitoring 
 

Daily weather monitoring will be obtained using a rain gauge and tell-tale equipped 
thermometer located at the landfill office.  Daily readings would be obtained for the 
maximum temperature, total rainfall, and general weather conditions.  This information 
would be recorded on the form provided in Appendix C1.  This data allows an accurate 
evaluation of the water-balance over time within the waste. 

 
5.2  Leachate Monitoring 

 
Leachate from the landfill gravity drains to the sumps.  The pumps placed within the 
sumps are equipped with level indicators and an alarm if incoming flow exceeds the 
pump capability.  As long as the pumps handle the incoming flow, excessive head acting 
on the liner system is prevented. 
 
Landfill personnel will pay particular attention to sudden increases in leachate generation 
during or immediately after recirculation activities.  Sudden increases in rate of leachate 
generation from the facility not accompanied by precipitation indicates that injected 
leachate is moving through the waste faster than normal.  This may imply either 
saturation of the waste due to over injection of leachate or short circuiting (via voids in 
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the waste) of the waste by a single injection.  Both situations require a cessation of 
injection to the injection location in question and a modification of the injection 
sequence. 

 
5.3  Monitoring of Side Slopes 

 
Landfill staff will observe side slopes in particular during and just after leachate 
recirculation to ensure that leachate run-off or seeps are not produced.  Should run-off or 
seeps be observed, the landfill staff will cease recirculation in the vicinity of the run-off 
or seeps and will consider methods for remediation.  Methods include placement of 
additional soil, berming, and the installation of drains.  

 
6.0  REPORTS 
 
The following reports will be prepared: 
 

$ Pre-Operational Report (this document) and 
 

$ 120-Day Trial Period Reporting (Progress and Final Reports). 
 

6.1  Pre-Operational Report 
 

The pre-operational report provides sufficient information to justify the 120-day trial 
recirculation period.  This Leachate Recirculation Plan is the pre-operational report for 
leachate recirculation within Phase 2.  Reporting forms proposed in this pre-operational 
report will be revised with experience. 

  
6.1.1 Weather Monitoring  

 
A daily rain gauge and thermometer will be installed at the landfill office to allow 
daily recording of total rainfall and maximum temperature.  This data will be 
recorded at the end of each working day. 

 
6.1.2  Baseline Leachate Sampling 

 
Baseline leachate quality data for Phase 2 will be provided within the last 30 days 
prior to the initiation of leachate recirculation.  This data will include test results 
for BOD, COD, temperature, conductivity, pH, ammonia, suspended solids, 
metals, and volatiles. 
 
6.1.3  Operational Procedures 

 
The operational procedures during the 120-day trial recirculation period will be 
the same as for long-term operations as previously described in Section 4 
depending on the method(s) of leachate recirculation used. 
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6.1.4  Operational Equipment 
 

The operational equipment used during the 120-day trial recirculation period will 
be the same as for long-term operations as previously described in Section 4 
depending on the method(s) of leachate recirculation used. 

 
6.1.5  Record Keeping 

 
Daily readings for rainfall, maximum temperature, quantity of leachate 
generated/recirculated, and leachate injection galleries used will be maintained 
using the form provided in Appendix C1.  This form provides for a week of data 
and allows comments on the daily weather conditions and unusual operating 
conditions, e.g., odor or seeps.  These data sheets will be provided to the State as 
part of the technical report submitted to DWM in support of implementation of 
the long-term leachate recirculation program. 

 
6.2  120-Day Trial Period Reporting 

 
6.2.1  Progress Report 

 
After a minimum of 60 days, a progress report will be prepared which describes 
and documents the monitoring activities since initiation of the 120-day trial 
period, presents observed difficulties and/or operational modifications, and 
presents leachate quality data.  Leachate quality data will include test results for 
BOD, COD, temperature, conductivity, pH, ammonia, suspended solids, metals, 
and volatiles. 

 
6.2.2  Final Report 

 
At the completion of the 120-day trial period, a final report will be prepared 
which describes and documents the monitoring activities for the entire trial 
period, presents observed difficulties and/or operational modifications, and 
presents leachate quality data.  Leachate quality data will include test results for 
BOD, COD, temperature, conductivity, pH, ammonia, suspended solids, metals, 
and volatiles.  The most critical aspect of this report is confirmation that the 
proposed leachate injection sequence results in acceptable performance.  Based 
on this report, Davidson County will request approval by DWM to implement the 
long-term leachate recirculation program. 
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TABLE 1:   NC DWM POLICY ELEMENTS FOR  LEACHATE RECIRCULATION 
  

 
Conditions 

 
 

Policy Element 

 
 

Section(s) 
 

Preoperative 
Conditions 

A rain gauge and thermometer shall be placed on the site. 6.1.1  
A Baseline sampling of leachate shall be performed. 

 
6.1.2  

 
 
An outline of expected operational procedures shall be 
submitted. 

 
4.0 

 
 

 
A brief description of the equipment and its= associated 
specifications shall be submitted. 

 
4.0 & 

Specs.  
 

 
A brief description of record-keeping forms shall be submitted 
including: 
$ daily/weekly record of leachate generated; 
$ daily/weekly record of leachate recirculated; 
$ weather conditions and other pertinent daily information; 
$ a log for reporting operating or other unusual problems 

and their subsequent rectification; and 
$ any other forms or procedures, etc., that the 

owner/operator will use. 

 
5.0/6.0 

 
 

 
An estimation of height of waste in the cell where leachate is 
anticipated to be applied. 

 
3.0/4.0 

 
 

 
An analysis of the field capacity of the waste where leachate 
is to be applied, such that the gallons per unit area does not 
exceed the field capacity of the waste volume. 

 
3.0 

 
Operating 
Conditions 

 
Records shall be kept on a daily/weekly basis as outlined. 

 
6.0  

No leachate shall be applied on less than one lift (10 feet) of 
waste. 

 
3.0/4.0/4.2 

 
 

 
No leachate shall be spray applied or surface circulated when 
it is raining or when the waste is too wet. 

 
4.4 

 
 

 
No run-off or side seepage will be allowed. 

 
4.5/5.3  

 
 
Odors will be controlled. 

 
4.3/4.4  

 
 
Leachate depth shall be monitored in the manhole to ensure 
that the head on the liner does not exceed one foot for more 
than 24 hours. 

 
5.2 

 
 

 
Leachate will be spray applied or surface circulated during 
daylight hours only. 

 
4.4 

 
 

 
The application system will be properly maintained and 
documented. 

 
4.0/5.0/6.0 

 
 

 
Subsurface distribution systems will be outlined. 

 
4.1/4.2/4.3  

 
 
Operation and maintenance of subsurface systems will be 
proposed. 
 

 
4.1/4.2/4.3 
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DAVIDSON COUNTY MSW LANDFILL - PHASE 2 
LEACHATE RECIRCULATION  

120-DAY TRIAL PERIOD MONTHLY REPORTING FORM 
  
 
Start Date (Day 1):                                                    
  

 
Day 

 
 

Rain 
(Inch) 

 
 

Max. 
Temp. 

 
 

Leachate 
Generated 

 
Leachate 

Recirculated 

 
Injection 

Location(s) 
Used 

 
Problems/Weather 
(Use Extra Sheet if 

Required) 
1 
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DAVIDSON COUNTY MSW LANDFILL - PHASE 2 
LEACHATE RECIRCULATION  

LEACHATE RECIRCULATION MONTHLY REPORTING FORM 
  
 
Start Date (Day 1):                                                    
  

 
Day 

 
 

Rain 
(Inch) 

 
 

Max. 
Temp. 

 
 

Leachate 
Generated 

 
Leachate 

Recirculated 

 
Injection 

Location(s) 
Used 

 
Problems/Weather 
(Use Extra Sheet if 

Required) 
1 
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DAVIDSON COUNTY MSW LANDFILL - PHASE 2 
LEACHATE RECIRCULATION  

LEACHATE RECIRCULATION DAILY LOG 
 
  
 
Date:                            
  

 
Time 

 
 

Injection 
Location 

 
Volume Pumped 

 
Remarks 

 

 
 
 

 
   

 
 

 
   

 
 

 
   

 
 

 
   

 
 

 
   

 
 

 
   

 
 

 
   

 
 

 
   

 
 

 
   

 
 

 
   

 
 

 
   

 
 

 
   

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



DAVIDSON COUNTY MSW LANDFILL - PHASE 2 
LEACHATE RECIRCULATION  

INSTALLATION LOG 
 
Injection Device: Horizontal Trench / Horizontal Blanket Drain / Vertical Injection Well / 

Near-Surface Injection Trench (circle one) 
 
Device ID:                                      
 
Date(s) Installed:                                      
 
Length Installed:                                     
 
Elevation:                                      
 
Number of Holes/Spacing:                                      
 
Hole Size:                                      
 
Coordinates: 
 
Point #:                           X:                           Y:                           Z:                           
 
Point #:                           X:                           Y:                           Z:                           
 
Point #:                           X:                           Y:                           Z:                           
 
Remarks:                                                                                                                                         
                                                                                                                                                        
                                                                                                                                                        
                                                                                                                                                        
                                                                                                                                                        
                    
                                                                                                                                                        
                                                                                                                                                        
         
 

Installation Sketch: 
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DAVIDSON COUNTY 
DAVIDSON COUNTY LANDFILL FACILITY 

 
OPERATIONS MANUAL 

APPENDIX D:  MOBILE HOME DECONSTRUCTION 
 
1.0  OVERVIEW 
 
This portion of the Operations Manual was prepared to describe the plan for the deconstruction 
of mobile homes.  Mobile home deconstruction will occur in an area located adjacent to the 
construction and demolition debris (C&D) landfill unit.  The Mobile Home Deconstruction Area 
is strictly for the deconstruction of mobile homes in order to recycle materials from the mobile 
homes.  Davidson County plans to recycle as many varieties of materials as possible as end users 
are available.  Initially, scrap metal recycling will be conducted.  Once an end-user of another 
material (i.e. glass) is located, these other materials may be recycled.  Any non-recyclable 
material will be disposed of appropriately by the County upon completion of the deconstruction 
process. 
 
2.0 MOBILE HOME DECONSTRUCTION PROCESS 

 
Mobile homes will be deconstructed using the following processes. 

 
2.1 Access 

 
Mobile home owners seeking disposal will contact the landfill facility and be placed on a 
waiting list.  No more than TWO (2) mobile homes will be allowed on-site for 
deconstruction at one time.  Once space is available for a mobile home, landfill personnel 
will contact the next owner on the waiting list.  The owner will have a 48 hour window in 
which to contact the landfill facility with information regarding the delivery date and 
hauler.  If owner cannot arrange delivery within this initial 48 hour period, the owner 
may make alternate arrangements for delivery and must notify the landfill facility a 
minimum of 48 hours prior to planned delivery.  The delivered mobile home will not be 
weighed on the scales at time of delivery, but the owner will be charged based upon the 
size and dimensions of the mobile home.   

 
If delivery is not made within 48 hours of the scheduled delivery date, the owners name 
will be placed on the waiting list and the owner will be notified.  If an owner has more 
than one mobile home, they will be rotated with others on the waiting list. 

 
2.2 Waste Disposal 

 
All mobile homes must be free of garbage, household hazardous waste, and all other non-
construction and demolition waste prior to acceptance by the landfill. 
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2.3 White Goods 
 

White goods will be accepted with the mobile home.  White goods will be removed and 
handled in accordance with all State and Federal regulations.  Any white goods 
containing CFC=s will have them managed properly. 

 
2.4 Asbestos 

 
Since asbestos may be located in the building materials of mobile homes constructed 
prior to 1983, all mobile homes built before 1/1/1983 will be thoroughly sprayed with 
water (both interior and exterior) to minimize dust.  Upon demolition of a mobile home 
constructed prior to 1983, the waste generated will be placed in the C&D landfill and 
covered with six inches of soil or approved alternate cover. 

 
2.5 Deconstruction of Mobile Homes 

 
Once accepted, the mobile home will be placed in the mobile home deconstruction area.  
Mobile home deconstruction will be dependant upon weather conditions and manpower 
availability and will ONLY take place in the deconstruction area.  Prior to 
deconstruction, mobile homes constructed before 1983 will be thoroughly sprayed with 
water to minimize dust (as noted above).  The home will then be deconstructed using a 
track-hoe.  The track-hoe will tear the trailer apart and lay the pieces on the ground to be 
separated by landfill personnel.  The personnel will separate the non-recyclable materials 
from the recyclable materials.  Initially, scrap metal is planned for recycling.  As other 
end-users for other materials are available, other materials may be separated for 
recycling.  All material not planned for recycling will be placed in the C&D landfill 
before the end of the day in which the deconstruction takes place.  Material from mobile 
homes constructed prior to 1983 will be covered prior to the end of the day.  All 
recyclable materials will be stockpiled in the deconstruction area for future recycling.  
NO OPEN FLAMES OR CUTTING WITH TORCHES WILL BE ALLOWED 
WITHIN 100 FEET OF THE EXISTING WASTE WITHIN THE C&D 
LANDFILL.  

 
2.6 Holding Time for Mobile Homes 

 
All mobile homes must be deconstructed within 45 days from acceptance into the 
deconstruction area.  Upon receipt at the landfill, the date will be painted on the side or 
end of the mobile home, or on the frame, for identification purposes for Solid Waste 
Section personnel. 

 
2.7 Holding Time for Recyclables 

 
Once a recyclable material is removed from a mobile home, it may be stockpiled in the 
mobile home deconstruction area for up to 45 days.  No materials will be kept in this area 
for more than 45 days, nor will they be stockpiled in other areas awaiting recycling. 
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3.0 RECORD KEEPING PROGRAM 
 
The County will maintain the following records related to the Mobile Home Deconstruction in 
an operating record at the landfill (see also Section 1.13 of the Operations Manual): 
 

A.  Mobile home acceptance records including dates and description; 
B.  Owner and hauler information for each mobile home; 
C.  Date of deconstruction for each mobile home and materials to be recycled; 
D. Disposition of waste and recyclables (quantity of materials disposed and location 

of disposal; quantity of recyclables and recycling facility information). 
E. Date and certification of CFC=s removed. 
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DAVIDSON COUNTY 
DAVIDSON COUNTY LANDFILL FACILITY 

 
OPERATIONS MANUAL 

APPENDIX E:  ASPHALT SHINGLE RECYCLING 
 
1.0  OVERVIEW 
 
This portion of the Operations Manual was prepared to describe the plan for the recycling of 
asphalt shingles at the facility.  Asphalt shingle recycling will occur in an area located adjacent 
to the construction and demolition debris (C&D) landfill unit.  The Asphalt Shingle Recycling 
Area is strictly for the management of tear-off asphalt shingles in order to provide a “clean” 
material that can be used in the production of asphalt.  This plan describes the criteria for waste 
acceptance, material receipt, inspection, and stockpiling, material transport, and record keeping. 
 
2.0 WASTE ACCEPTANCE 
 
Asphalt roofing shingles contain asphalt cement, mineral aggregate, and mineral filler which are 
raw materials used in asphalt production.  Asbestos was used in shingle manufacture until the 
mid-1970’s and in other roofing materials such as roof felt, roof putty, surface coating, and 
mastic until the mid 1980s.  Due to the potential for the presence of asbestos, the following 
source separation and certification requirements will be followed.  These practices help ensure 
that only recyclable tear-off shingles are sent for asphalt production while minimizing sorting at 
the facility. 
 

2.1 Source Separation 
 

Shingles will be accepted only when appropriately separated prior to delivery to the 
facility.  Materials from flat and built-up roofing system are not acceptable and must be 
disposed of rather accepted for recycling due the higher use of asbestos roofing materials 
in those systems.  Shingle suppliers are instructed to separate tear-off shingles into either 
a dedicated trailer or to layer their waste when loading so that the shingles can be easily 
separated from the unacceptable debris.  A list of acceptable and unacceptable material is 
shown in Appendix E1. 

 
2.2 Certification 

 
Shingle suppliers are required to complete a supplier certification form (see Appendix 
E2).  The handling and disposal of asbestos during demolition and renovation is 
regulated under the National Emissions Standards for Hazardous Air Pollution 
(NESHAP).  NESHAP-regulated facilities are required to submit a notification of 
demolition and renovation prior to starting work. The notification includes an inspection 
by a North Carolina accredited asbestos inspector or roofing supervisor and analysis for 
asbestos.  The supplier of shingles from a NESHAP-regulated facility must present 
documentation that the shingles do not contain greater than 1% asbestos.  The 
documentation is a letter from the accredited asbestos inspector or roofing supervisor that 
sampled the shingles and the analytical test results.  A copy is of the documentation is 
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kept with the supplier certification form.  Shingles from a NESHAP-regulated facility 
that do not have the required documentation or that are documented to contain greater 
than 1% asbestos are disposed of. 
 
Shingles from single family homes or residential buildings containing four or fewer 
dwelling units are generally not regulated under NESHAP.  In this case, only the source 
of shingles is required on the certification form. 

 
3.0 MATERIAL RECEIPT, INSPECTION, AND STOCKPILING 
 
Loads are visually inspected when entering the facility to determine whether the shingles have 
been separated or if it is a mixed load.  The supplier is then asked for a completed certification 
form including documentation when required (Appendix E2).  Mixed loads, shingles from a 
NESHAP-regulated facility that contain greater than 1 percent asbestos, and shingles from a 
NESHAP-regulated facility without the proper documentation are directed to the C&D landfill 
unit (or alternately the MSW landfill unit) for disposal.  Loads that were source-separated into 
dedicated containers are sent directly to the sorting area and unloaded.  Loads that were 
separated into layers usually have the asphalt shingles on the bottom and other material on the 
top.  These loads are first directed to the C&D landfill unit (or alternately the MSW landfill unit) 
to remove the non-shingle roofing waste and then to the sorting area for unloading the shingles.  
Shingles are not unloaded into an area with standing water and sorted and unsorted materials are 
kept separate. 
 
Source-separation by the supplier eliminates most of the unacceptable materials that cannot be 
used in tear-off shingle recycling.  The unloaded tear-off shingles are examined for unacceptable 
materials and any unacceptable materials are removed.  The remaining sorted shingles are 
stockpiled in the recycling area until there is a sufficient amount to transport to a facility that will 
grind and use or sell the ground shingles for asphalt production. 
 
4.0 MATERIAL TRANSPORT 
 
Upon the transport of shingles to the receiving facility, the County will provide copies of all 
supplier certification forms and other documentation.  When requested (and as agreed to prior to 
material transport), the County will follow any additional requirements of the receiving facility.  
Generally, at least 75% of the tear-off shingles that are sorted leave the facility during the same 
year. 
 
5.0 RECORD KEEPING PROGRAM 
 
The County will maintain the following records related to asphalt shingle recycling in an 
operating record at the landfill (see also Section 1.13 of the Operations Manual): 
 

A.  Supplier certification forms and any supporting documents; 
B.  Disposition of waste and recyclables (quantity of materials disposed and location 

of disposal; quantity of recycled shingles and receiving facility information). 
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DAVIDSON COUNTY 
DAVIDSON COUNTY LANDFILL FACILITY 

 
OPERATIONS MANUAL 

APPENDIX F:  HOUSEHOLD HAZARDOUS WASTE PLAN 
 
1.0  OVERVIEW 
 
This Plan describes the normal operating procedures (see Section 2.0 - General Operations) 
and procedures for emergency situations (see Section 3.0 - Contingency Plan) for Davidson 
County’s permanent Household Hazardous Waste (HHW) Collection Facility located at the 
Davidson County Landfill facility.  The County applied for and received a HHW identification 
number (NCPH02901001) for the facility in 2001 (see Appendix F1). 
 
The HHW Collection Facility has been established as part of a County effort to more effectively 
manage HHW and to help prevent improper disposal.  This comprehensive effort, initiated by 
Davidson County’s Integrated Solid Waste Staff, involves a coordinated program of HHW 
collection, source reduction, and public education. 
 
2.0 GENERAL OPERATIONS 
 

2.1 Facility Staffing 
 

The HHW Collection Facility will be operated largely through existing County staff 
and/or contracted employees.  They will primarily be responsible for the identification, 
collection, bulking, and temporary storage of materials. There will also be contractors 
that will be used for training, advisory, and technical support as needed to ensure facility 
compliance.  Contractors will be used for some or all operations, over-packing, and the 
transportation and disposal/recycling of collected materials from the collection site.  
County staff will receive appropriate training but will leave most of the waste related 
tasks to contractor personnel; the primary exception is that County staff will conduct the 
weekly inspections described later in this plan.  Further information on the facility 
staffing is provided in Section 2.8 (Personnel and Duties). 
 
Throughout this plan, personnel from the waste transportation and disposal contractor are 
referred to as “contractor personnel”.  In some instances (as necessary for clarity), they 
are referred to as “onsite” contractor personnel, to distinguish them from other contractor 
employees. 

 
2.2 User Eligibility 

 
The HHW Collection Facility is intended to serve the residents who live within Davidson 
County.  Records will be kept on wastes, and these records will contain information on 
the types and quantities of wastes, their origin, and the decision regarding acceptance or 
rejection. 
 
Only household hazardous wastes are currently planned for acceptance at the facility.  
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Businesses needing to dispose of hazardous wastes will be referred to vendors who offer 
“milk run” programs for picking up wastes at business locations.  Additionally, 
conditionally exempt small quantity generators (CESQGs) may be referred to contractors 
specializing in hazardous waste disposal. 
 
Each time the collection facility is open, staff representatives will be present to help 
direct traffic, check for proof of residency, may conduct a brief survey, and provide 
educational materials, as they are available.  The survey will be designed to determine the 
types, quantities, and sources of each user’s wastes and questions may also be added to 
solicit user comments on program features such as convenience and publicity.  The 
educational material that may be offered to users will include information on less 
hazardous alternative products and other HHW topics.  A limit of 18 gallons per 
customer per day is imposed.  
 
2.3 Collection and Screening of Wastes 

 
Once eligibility has been established as described above, the users will be directed to 
proceed to the waste removal area or form a waiting line if needed.  Staff representatives 
will direct the flow of traffic to ensure safe and efficient operations.  The user at the front 
of the line will be directed to drive into the receiving area, where wastes can be safely 
removed from the vehicle.  Trained County personnel or the County’s contracted 
representatives will check the wastes and remove them from the vehicle.  The occupants 
of the vehicle will be asked to remain in the vehicle.  If it is necessary to unlock the trunk 
for removal of wastes, staff personnel will request the keys and accomplish this task.  
Properly trained personnel will maintain safe operations by immediately dealing with any 
leaking, damaged, unlabeled, or potentially shock sensitive or explosive materials. 
 
The public education effort planned for this facility will inform potential users that the 
collection facility is designed to handle HHW from the following general categories:  1) 
yard and garden products; 2) automotive products; 3) paints and solvents; 4) household 
cleaning products; and 5) miscellaneous HHW.  Because of difficulties in handling a few 
specific types of wastes (including explosives, radioactive materials, biologically active, 
or infectious waste), the educational effort will actively discourage users from bringing 
these and any other materials not accepted by the program.  However, in the event that a 
misinformed resident brings such wastes to the facility, staff or its contractor will 
consider taking the wastes to avoid improper disposal or recommend a licensed facility 
where it may be sent. 
 
The decision regarding these wastes will be based upon risk assessment as well as the 
specific details of each case and also any advice from the staff or available contractor 
personnel.  As necessary, the transportation and disposal contractor will help find 
specialized vendors to remove any such wastes for treatment or disposal.  Whenever 
wastes are rejected, the user will be given a waste rejection notice showing the reasons 
for non-acceptance and providing names of people to contact for further information 
concerning options for proper disposal. 
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2.4 Waste Identification and Packaging 
 

As the wastes are received, trained personnel or contractors will perform initial waste 
identification and segregation.  Some materials that can be managed by local government 
representatives (such as latex paint, motor oil, and other automotive fluids, and lead-acid 
and button batteries) may be segregated from hazardous wastes at this time and handled 
according to local government protocols. 
 
The HHW facility will not accept unknown waste.  If the generator can identify the 
item and/or items in question, then and only then will the facility accept the item.  For 
example:  unlabeled paint cans, unlabeled pesticide containers, unlabeled automotive 
product containers, etc. 
 
Trained staff personnel or the contractor will conduct or directly supervise the collection, 
packaging, storage, and document preparation of the household hazardous wastes 
collected at the facility.  The contractor will arrange the transportation, treatment, 
recycling, or disposal of these wastes.  Many will probably require lab packaging.  Lab 
packing of materials may occur on the same day as collection activities, provided that 
time is available and adequate quantities of compatible materials are received.  
Otherwise, materials will be safely stored until the next scheduled workday.  
Additionally, partially filled (packed) containers may remain on-site until adequate 
amounts are collected and properly packaged for transport. 
 
If pumping, pouring, or bulking of wastes are required, grounding and explosion-proof 
equipment will be used as needed.  For both lab packs and bulk packaging, all containers 
will be of Department of Transportation (DOT) specification, type, and size most 
appropriate for the specific waste type and planned treatment or disposal method.  Wastes 
will be packed in fiber, plastic, or steel containers of open or closed-head types, ranging 
from 5 gallon pails to one cubic yard boxes or as contractor feels safe. 
 
For any necessary lab packing, wastes will first be segregated according to DOT hazard 
class, then by chemical compatibility and by the acceptance criteria of specific waste 
recycling, treatment, or disposal facilities.  An absorbent material such as vermiculite 
will be used to surround inner containers, prevent breakage, absorb any leaking materials, 
and prevent release from the outer (shipping) container.  Each inner container will be 
recorded on container content forms, providing a complete report of the contents of any 
container. 
 
Whether lab pack or bulk, the filled drums will be closed, labeled, and marked in 
accordance with DOT and Environmental Protection Agency (EPA) shipping 
requirements, and the proper information will be recorded on the manifest.  The 
generator’s notification and certification will also be prepared, as required under the 
land-ban regulations if applicable. 
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2.5 Accumulation Time 
 

The storage building(s) at the HHW Collection Facility will be designed to store 
temporary accumulations of several classes of household hazardous materials.  Staff 
representatives will be trained as appropriate concerning proper waste segregation and 
safe storage procedures. 
 
In accordance with state requirements for temporary storage, the date upon which each 
period of accumulation begins will be clearly marked and visible on each container.  
Additionally, a complete inventory log of materials will be kept on site.  Furthermore, 
while being stored on-site, all containers with stored household hazardous wastes will be 
labeled or marked clearly with the words, “Household Hazardous Waste”, unless the 
material is recyclable (e.g. used oil, latex paints, batteries) and is separated from other 
waste. 
 
Time in storage may vary according to the volume of waste received.  Removal of wastes 
by the contractor will be scheduled as necessary to minimize expense to the County while 
still complying with applicable regulations and safety considerations.  Wastes will be 
stored no longer than one (1) year without written permission from the North Carolina 
DENR Division of Waste Management. 

 
2.6 Storage Building Specifications 

 
The HHW Collection Facility is designed and constructed to ensure safe and efficient 
operation.  According to State guidance concerning storage of ignitable and reactive 
wastes, the structures are located at least 50 feet from the facility’s property line. 
Furthermore, the storage buildings are separated from other operational areas of the solid 
waste facility in order to minimize damage in case of fire. 
 
As required for proper safety and environmental protection, structures are:  1) designed to 
contain leaks and spills; 2) covered to exclude rain water; 3) secured to control access; 
and 4) constructed in accordance with all applicable National Fire Protection Association 
codes. 

 
2.7 Access Control and Security 

 
Access to the facility and chemical-handling areas will be controlled to prevent 
unnecessary public exposure to potential harmful substances.  Areas where chemicals are 
handled or stored will be clearly marked using one or more of the following:  warning 
tape barriers and caution signs.  The signs will contain appropriate warning such as “No 
Smoking”, “Keep Out”, and “Authorized Personnel Only”.  In addition, during collection 
times, staff representatives will be stationed in strategic locations and will serve as 
checkpoint personnel to direct the flow of traffic and people. 
 
The HHW storage building will be secured after hours of operation against unauthorized 
access by locked doors and is located within the County’s landfill facility that is secured 
by fencing, locked gates, and berms.  Additionally, other devices, such as security video 
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and lights, automatically activate at sundown.  
 

2.8 Hours of Operation 
 

The HHW Collection Facility will be open for collection from 9:00 a.m. until 3:00 p.m. 
on designated days of operation.  These days will be posted on the County’s website and 
made available to the public.  If there is a need to increase these hours the NCDENR 
Division of Waste Management will be notified in writing. 

 
2.9 Personnel and Duties 

 
The HHW Collection Facility will be staffed with well-trained qualified County and/or 
contractor personnel.  The duties of this contractor and/or the County’s own experienced 
staff are as follows: 
 

 Assuring that all onsite staff representatives and contracted personnel have met 
the training requirements appropriate for their duties; 

 Assuring that all onsite staff representatives and contracted personnel are aware 
of provisions of the Contingency Plan; 

 Assuring that all onsite staff representatives and contracted personnel are aware 
of the potential hazards associated with site operations; 

 Assuring that appropriate personal protective equipment (PPE) is available and 
properly used, (i.e. full face respirators with an annual fit test, gloves, Tyvek suits 
and aprons); 

 Monitoring and safety performance of onsite staff representatives and contracted 
personnel; 

 Correcting any work practices or conditions that may result in injury or exposure 
to household hazardous substances; 

 Preparing any accident/incident reports; 

 Implementing all aspects of the staff and contractor’s Injury and Illness 
Prevention Program as applicable to project site; 

 Verifying that onsite staff representatives and contracted personnel work in a safe 
manner according to the health and safety plan; 

 Establishing guidelines for wearing and decontaminating (if necessary) personnel 
protective equipment; 

 Observing onsite staff representatives and contracted personnel for signs of 
exposure or stress; 

 Immediately reporting any unusual or unsafe conditions to person in charge; 

 Informing onsite staff representatives and contracted personnel of the proper 
procedure during an emergency; 

 Providing first aid if necessary; 
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 Identifying any onsite staff representatives and contracted personnel having 
special medical problems; and 

 Ensuring that any necessary monitoring equipment is properly maintained and 
good operating order. 

Staff representatives and/or contracted personnel will be responsible for opening the site 
before each collection event and securing the site at the end of each event.  They will be 
responsible for the safe removal of acceptable materials from residents, temporary 
storage of materials, segregation and packaging of those materials, and the temporary 
storage of materials for pick up by the contractor.  As mentioned previously, staff 
representatives and/or contractors will also direct traffic, conduct surveys, determine 
eligibility, and distribute educational materials.  Another primary waste-related task that 
staff representatives and/or contracted personnel plan to perform is weekly inspections. 

 
2.10 Training Plan and Qualifications of Trainers 

 
The contractor will be responsible for training all staff representatives and contracted 
personnel.  Both the County’s and the contractor’s training programs are designed to 
enable appropriately trained personnel to receive and handle wastes in a safe, 
environmentally sound manner and to work in compliance with the contractor’s methods 
and applicable regulations.  Appropriate government and contractor personnel assigned 
to this project will complete the appropriate health and safety training in accordance with 
the Occupational Safety and Health Administration (OHSA) standard in 29 CFR 
1910.120(e). 
 
All onsite contractor and appropriate government personnel will have received a 
minimum of 24 hours of classroom training experience under the direct supervision of a 
trained, experienced supervisor.  Additionally, 8-hour refresher training will be received 
annually. 
 
Staff representatives will be trained using the same high standards applied to the training 
of the contracted personnel.  Accordingly, the contracted management will supervise the 
training program.  These individuals will have the following qualifications:  1) high 
school diploma or equivalent (GED); 2) direct experience in handling of hazardous 
wastes; 3) experience as an environmental trainer; and 4) skills in adult education.  This 
combination of education, experience, and skills is fully appropriate for directing the 
training of the staff representatives. 
 
The training program for County staff and/or contractor representatives will be well 
documented and this record will be on site.  Training topics will include: 
 

 Chemical hazards/toxicology; 

 Spill management; 

 Use of fire extinguishers; 

 Emergency equipment; 
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 Decontamination; 

 General safe work practices; 

 Accident prevention; 

 Personal Protective Equipment (PPE) for HHW handlers; 

 Contingency Plan Implementation; 

 Weekly inspection of storage containers; 

 Weekly inspections of operation/emergency equipment; 

 DOT standards for household hazardous materials; 

 Identification of DOT chemical hazard classes; 

 Containerization of household hazardous materials; 

 Labeling; 

 Marking; 

 Storage; 

 Disposal; 

 Record-keeping; 

 Chemical segregation; 

 Consolidation of materials of single container (bulking); 

 Container contents sheets and other forms; and 

 Using buddy system for bulking. 

Staff representatives will not work unsupervised until they have received appropriate 
training. Onsite contracted personnel and staff representatives will be required to take 
part in an annual review of the initial training for the tasks they are performing and any 
emergency response, which may apply, to those tasks. 
 
As required, complete training records for staff representatives (along with job 
description, job title, and other pertinent information) along with training records for 
onsite contracted personnel will be kept at the facility (at the solid waste department 
office). 
 
2.11 Provisions for Ignitable, Reactive, or Incompatible Wastes 

 
Staff and contracted personnel will use special precautions to protect ignitable or reactive 
wastes from sources of ignition or reaction.  These wastes will be separated from other 
wastes being stored in the collection facility.  Any ignitable or reactive wastes will be 
protected from possible sources of ignition or reaction, including but not limited to:  open 
flames, hot surfaces, frictional or radiant heat, and spontaneous ignition (e.g., from heat-
producing chemical reactions).  Any tools used for equipment maintenance in areas 
containing ignitable wastes will be of a non-sparking type.  Maintenance activities such 
as welding or cutting, which potentially could generate sparks or open flame, will be 
allowed only by special permission of the contractor’s Project Supervisor or designee.  
This permission will be granted only after the area has been inspected and tested for 
flammable vapors and all ignitable or reactive materials have been removed or protected. 
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 Policy will prohibit smoking or open flame within or near storage building(s).  “No 
Smoking” signs will be placed at the entrance to unloading and storage areas and will be 
conspicuously placed wherever there is a direct hazard from ignitable or reactive wastes. 
 Areas in which ignitable materials are stored will require the use of explosion-proof 
equipment and lighting.  Proper grounding will be maintained in order to dissipate any 
accumulation of static charges generated by the movement of household hazardous 
liquids in pouring or bulking operations. 
 
Regarding incompatible wastes, the following special provisions apply: 

 

 Incompatible wastes will not be placed in the same container; 

 Household hazardous wastes will only be placed in new, unused containers or in 
containers cleaned and reconditioned by a licensed manufacturer (and labeled as 
such); and 

 A storage container holding a household hazardous waste that is incompatible 
with any waste or other materials stored in close proximity will be separated from 
them by containment structures such as built-curbs or will have secondary 
containment such as drip pans constructed of steel or polyethylene. 

 
As a general rule, the handling and storage of all household hazardous wastes (especially 
any that are ignitable, reactive, or incompatible) will be conducted so that it does not: 

 

 Generate extreme heat or pressure, fire or explosion, or violent reaction; 

 Produce uncontrolled toxic mists, fumes, dusts, or gases in sufficient quantities to 
threaten human health; 

 Produce uncontrolled flammable fumes or gases in sufficient quantities to pose a 
risk of fire or explosions; 

 Damage the structural integrity of the device or facility containing the wastes; 
and/or 

 Threaten human health or the environment. 

The procedures to comply with these provisions depend upon:  1)  proper identification 
of waste materials as they are received; 2) segregated storage according to compatible 
hazard class; and 3) no co-mingling, bulking, or combining of incompatible hazard 
classes.  The contractor and other appropriate technical publications will provide 
guidance. 

 
2.12 Operational/Emergency Equipment and Personal Protective Equipment 

 
The HHW Collection Facility will contain the necessary equipment for protecting 
contracted personnel and staff representatives.  The facility will also contain the 
equipment needed to implement the contingency plan.  The facility will be equipped with 
an immediately available two/way radio from which emergency assistance could be 
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summoned.  Internal communications will be carried out by voice as the most practical 
method given the restricted size of the facility.  An emergency alarm using sirens and 
strobe lights is available to signal an emergency situation. 
 
Other equipment to be kept at the facility will include portable ABC dry chemical fire 
extinguishers, spill control equipment including clay and/or inert absorbents, pads, 
shovels, brooms, and containers. 
 
All facility communications or alarm systems, fire protection equipment, spill control 
equipment, and decontamination equipment will be inspected weekly and maintained as 
necessary to ensure its presence and proper operation in case of emergency.  Fire 
protection equipment will be tested according to manufacturer specifications.  Results of 
all inspections will be recorded on a customized checklist that will include inspection 
dates and a list of all systems and equipment to be inspected. 
 
Personal Protection Equipment (PPE) will be used as appropriate to protected contracted 
personnel and staff representatives from spills, broken containers, and sharp objects.  The 
level of PPE required for particular tasks is described in the following examples. 
 
Persons Removing Waste from Cars - Level II* 

 Chemical-resistant (polyethylene-coated type) apron, lab coat and/or Tyvek suit;  

 Safety glasses with shields; 

 Chemical-resistant gloves with outer leather or puncture-resistant gloves 
(optional); and 

 Safety shoes. 

*Depending on the substances being handled, a high level of PPE (including 
respirators and goggles or face shield) might be required. 

 
Persons Opening Containers and Bulking Paint Waste - Level II 

 Chemical-resistant coveralls; 

 Full-face shield; 

 Safety glasses; 

 Safety boots; 

 Respirator with organic vapor cartridge and high-efficiency particulate air filter if 
necessary (as determined according to the waste being handled and annual fit 
testing); and 

 Puncture-resistant and/or chemical-resistant gloves, if necessary. 

Persons Segregating Waste from Vehicles - Level I 
 Safety glasses (with splash goggles or full face shield when necessary); 

 Tyvek and/or vinyl apron (as needed); 

 Safety shoes/boots; 

 Respirator (if required - along with annual fit tests); and 
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 Puncture-resistant and/or chemical-resistant gloves, if necessary. 

Persons Sampling HHW - Level II 
 Full-face shield and safety glasses; 

 Chemical-resistant coveralls; 

 Safety shoes/boots; 

 Respirator (if required - along with annual fit tests); and 

 Chemical-resistant and/or puncture resistant gloves. 

Persons Lab Packing HHW - Level I or II 
 Safety glasses (with goggles or full-face shield when necessary); 

 Tyvek and/or vinyl apron or chemical-resistant coveralls; 

 Safety boots; 

 Respirator (if required - along with annual fit tests); and 

 Chemical-resistant inner gloves and/or puncture resistant outer gloves. 

Regular safety shoes can be substituted for chemical-resistant safety shoes when no 
chemical exposure hazard exists. 
 
2.13 Use and Management of Containers 

 
Appropriate containers fitting DOT specifications will always be used for storing wastes 
at the HHW Collection Facility.  Contractor personnel preparing wastes for storage will 
only use containers that are compatible with the wastes to be stored in them, so that 
containment ability is not impaired. 
 
All containers holding stored HHW will be checked at least weekly to ensure that they 
haven’t been stored more than one (1) year and also to ensure their integrity. 
 
These inspections, to be conducted by contracted personnel (or appropriately trained staff 
representatives), will be used to detect any leaks or deterioration caused by corrosion or 
other factors.  Results of these inspections will be recorded.  If a container holding 
household hazardous waste is found in poor condition or if it begins to leak, contracted 
personnel (or appropriately trained staff representatives) will transfer the wastes from the 
defective container to one that is in good condition or will overpack the container in a 
suitable storage drum. 
 
Contracted personnel (or appropriately staff representatives) will ensure that any 
containers holding household hazardous waste will be kept closed during storage, except 
when necessary to add or remove waste.  Caution will be taken in the movement of all 
containers to prevent them from being tipped over or punctured.  Furthermore, the 
containers will not be opened, handled, or stored in a manner which may rupture them to 
leak. 
 
Unobstructed aisle space will be maintained to allow movement of personnel, containers, 
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and emergency equipment within the storage building at all times. 
 

2.14 Recycling of Waste 
 

HHW collected at this facility will be recycled or treated whenever economically 
practical, and incineration or landfilling will be used as a last resort.  In keeping with this 
operating philosophy, it is currently anticipated that the following wastes may be 
collected for recycling or BTU recovery:  motor oil and other automotive fluids, lead-
acid batteries, nickel-cadmium batteries, latex paint, fuels and solvents, mercury (from 
florescent bulbs and other sources), and aerosol cans. 
 
2.15 Transportation and Disposal 

 
When the transportation and disposal contractor arrives at the HHW facility for a 
scheduled pickup, the contractor will ensure that all containers are properly packaged, 
labeled, documented, and manifested.  Contractor personnel will then load the containers 
onto a contractor vehicle and will transport them to a licensed facility for final treatment, 
recycling, or disposal. 
 
2.16 Reporting and Documentation 

 
Thorough and accurate records will be maintained to ensure the accurate tracking of 
household hazardous materials from the generator to final disposal sites.  Container 
Contents Sheets will detail each drum’s contents and waste quantities. 
Additional records that may be generated to ensure accurate record keeping include the 
following: 
 

 Drum tracking sheet (contractor’s in-house form); 

 Non-regulated manifest; 

 Contractor’s material profile sheet (for wastes in bulk, 5 gallons or more); 

 Waste certification/notification (to meet requirements of land-ban requirements if 
applicable); 

 TC rule certification/re-certification (to meet the TCLP Rule requirements, if 
applicable); and/or 

 Certificates of disposal. 

2.17 Maintenance and Operation of the Facility 
 
The HHW Collection Facility will be maintained and operated to promote personnel 
safety and to minimize the possibility of a fire, explosion, or any unplanned sudden or 
non-sudden release of household hazardous waste or household hazardous waste 
constituents to air, soil, or surface water which could threaten human health or the 
environment.  The appropriate provisions and procedures necessary to ensure safe and 
efficient operations have been stated in this plan. 
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2.18 Policy for Dealing with Unacceptable Waste 
 

2.18.1 Radioactive Waste 
 

Smoke detectors are the most likely household waste to contain radioactivity.  
Residents will be advised by staff employees to mail used smoke detectors back 
to the manufacturers if they are still in business. 
 
Other household wastes are unlikely to have any measurable radioactivity except 
status eliminators from record players which have a very short life.  The 
Radiation Protection Office of the University of North Carolina recommends 
landfilling these when they become unusable. 

 
2.18.2 Explosives 

 
If explosives are delivered to the facility, the first step will be to immediately 
assess the possible danger and close the site if necessary until these materials are 
removed.  The County Sheriff’s Department will be called with any small arms 
ammunition including rifle, shotgun, and handgun.  For any military type 
explosives, the SBI and Explosives Division at Fort Bragg will be notified.  If the 
explosive material is not military in nature, then Fort Bragg may not respond. 
 
2.18.3 Medical Waste 

 
The County will not accept regulated medical waste/sharps at the facility.  Non-
regulated (home generated) sharps waste will be safely managed as a solid waste. 
 

2.19 Closure 
 

Upon closure of the Facility, Davidson County will remove all household hazardous 
waste and any residues.  The County will also remove all containers used for storage; 
equipment used during the operations of the Facility, and will manage these 
appropriately. 
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3.0 CONTINGENCY PLAN 
 

3.1 Contact Information 
 

Responsible Agency:  Davidson County Integrated Solid Waste Management 
    1242 Old U.S. Hwy 29 
    Thomasville, NC  27360 
 
Facility Address:  Davidson County Landfill 
    220 Davidson County Landfill Road 
    Lexington, NC  27292 
 
Emergency Contacts:  Primary Contact: 
     Solid Waste Management Director 
     1242 Old U.S. Hwy 29 
     Thomasville, NC  27360 
     Office Phone:  (336) 242-2284 

Cell Phone:  (336) 240-0303 
 
    Secondary Contact: 

County Risk Manager 
     913 Greensboro Street 
     Lexington, NC  27292 
     Office Phone:  (336) 242-2210  

Cell Phone:  (336) 420-9903 
 
    Additional Contacts: 
     Landfill Supervisor 
     220 Davidson County Landfill Road 
     Lexington, NC  27292 
     Office Phone:  (336) 242-2289 

Cell Phone:  (336)240-0666 
 

Director of Emergency Services 
     Post Office Box 923 

Lexington, NC  27292 
Office Phone:  (336) 242-2967 
Cell Phone:  (336) 240-1321 
Night Phone:  (336) 788-0688 
 
Davidson County Fire Marshall 
935 North Main Street 
Lexington, NC  27292 
Office Phone:  (336) 242-7863  
Cell Phone:  (336) 596-9285 
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(Contractor)* 
3RC Environmental 
1401 S. Martin Luther King Jr. Drive 
Winston-Salem, NC  27101 
Office Phone:  (336) 784-4300 
Cell Phone: (704) 577-4337 

 
Additional Contacts:   Waste Management Specialist 
     Div. of Waste Management/Solid Waste Section 
     585 Waughtown Street 
     Winston-Salem, NC  27107 
     Office Phone:  (336) 771-5093  

Cell Phone:  (919) 621-3687 
 
     State Bureau of Investigation 
     Raleigh, NC 
     (919) 662-4500 
 
* Other area HHW contractors include Clean Harbors, LLC (Reidsville, NC; (336) 342-
6106) and Ecoflo (Greensboro, NC; (800) 999-6510).   
 
3.2 Purpose and Implementation 

 
This plan is designed to minimize hazards to human health and the environment from 
fires, explosions, or any unplanned, sudden, or non-sudden release of hazardous 
constituents to air, soil, or surface water.  The provisions of this plan will be carried out 
immediately whenever there is an emergency at the facility. 
 
3.3 Contingency Plan Contents 

 
This plan contains emergency procedures for four types of incidents:  spills, fires, 
explosions and non-project-related disasters (as defined below): 
 

 A spill is an unintentional release of materials in a quantity that is sufficient to 
cause environmental or personal harm. 

 A fire is the ignition or conflagration of either waste materials or paper and wood 
trash. 

 An explosion is a sudden detonation of waste materials. 
 Non-project-related disasters include unlikely events such as tornadoes, 

earthquakes, floods, or bomb threats. 
 

3.4 Facility Staffing and Emergency Responsibilities 
 

The HHW Collection Facility will be staffed by trained Solid Waste Management (or 
contractor) employees, who will collect materials from County residents and prepare the 
materials for shipping.  A licensed contractor will be used for transport, 
disposal/recycling of materials, and some over-packing.  In the event of an emergency, 
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all appropriately trained personnel who are available would participate in the response as 
directed by the designated emergency coordinator.  Accordingly, throughout the 
remainder of this plan, the term “personnel” will be used to refer to appropriately trained 
representatives. 
 
3.5 Arrangements with Local Authorities 

 
Solid Waste Management Officials will make arrangements to familiarize local 
authorities with all pertinent aspects of the facility and its operations.  In Davidson 
County, primary emergency authority is assigned to Davidson County Emergency 
Management Services, with other agencies in supporting roles.  The responsible agency 
will therefore work with this Emergency Management office to ensure that all 
appropriate local authorities are properly prepared. 
 
3.6 Revisions 

 
This contingency plan will be kept at the facility and will also be distributed to local 
authorities (as described above).  The contingency plan will immediately be revised 
whenever: 
 

a) The plan fails in an emergency; 
b) There are significant changes in facility design, construction, operation, or 

maintenance; 
c) The list of emergency contacts is changed; and/or 
d) The list of emergency equipment is changed. 

 
This plan will be reviewed at least annually for changes and updates. 
 
3.7 Emergency Response Materials and Equipment 

 
A variety of emergency response materials and equipment will be kept at the facility.  
These materials will include some or all of the following, as deemed necessary by the 
Supervisor for this facility:  spill control equipment (described in a subsequent section), 
decontamination solutions, fire extinguishers, personal protective equipment (PPE), air 
purifying respirator, emergency eyewash station, emergency shower/eyewash, and first 
aid kit. 
 
3.8 Designation of Emergency Coordinator 

 
At the time of an emergency, there will be at least one local government representative 
either on the facility premises or on call with the responsibility for coordinating all 
emergency response measures.  This coordinator will be familiar with all aspects of the 
facility’s contingency plan, all operations and activities at the facility, local 
characteristics of wastes to be handled, location of facility records, and facility layout.  In 
addition, this person will have the authority to commit the resources needed to implement 
the contingency plan.  The emergency coordinator will coordinate all emergency 
responses with the Solid Waste Director and will supervise the implementation of 
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emergency procedures described in the following sections of these plans. 
 

3.9 Spill Response Equipment and Procedures 
 

Normal spill prevention techniques will be used at the facility and standard spill control 
equipment will be available.  This equipment will include some of the following:  bulk 
absorbents, an over-pack drum, absorbent booms or pillows, polyethylene liners, 
containers for contaminated absorbent, non-sparking tools, and decontamination 
products.  All County personnel will work from the Awareness Level only at first.  This 
could change to a more aggressive role, as required training will allow.  In the event that 
a release occurs, the following procedures will be used: 
 

1) The individual who notices the spill will alert other personnel by voice or  
sounding the EAS (Emergency Alert System). 
 

2) All personnel will stop work and secure their areas of responsibility. 
 
3) The emergency coordinator will direct all public participants to a safe area if  

necessary. 
 

4) The emergency coordinator will identify the characteristics, exact source, amount,  
and real extent of any released materials.  The coordinator will assess the possible 
hazards to human health and the environment, considering both direct and indirect 
effects (e.g., the effects of any toxic, irritating, or asphyxiating gases that are 
generated, or the effects of any hazardous surface-water runoff from where the 
water or any chemical agents used).  The emergency coordinator will also 
determine the proper protective equipment needed and will monitor for leaks, 
pressure build up, gas generation, or ruptures in equipment as appropriate. 
 

5) If the release is serious enough to affect human health or the environment outside 
of the facility, the emergency coordinator will immediately contact local 
authorities and will also notify the National Response Center or the government 
official designed as the on-scene coordinator for the area.  This report will 
include:  name and telephone number of the facility; date and time of the incident; 
type of incident; name and quantities of materials involved; extent of injuries; and 
possible hazards to human health and the environment. 

 
6) Personnel will be assigned to control the spill and prevent its spread or other 

complications.  If necessary, personnel can be assigned to isolate storm drains and 
sewers.  Personnel will don their protective equipment and take the appropriate 
steps for cleaning up the spill.  Any incompatible materials located near the spill 
will be removed.  A fire watch will establish and the local fire department will be 
notified.  Reasonable measures will be taken to ensure that the problem does not 
recur or spread to other waste. 

 
7) If the emergency coordinator determines that outside assistance is needed, then 

appropriate calls will be made using the emergency phone list. 
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8) Once the spill is contained and cleaned up, any responsible equipment used will 
be decontaminated, inspected, and put back in service when returned to an 
acceptable condition. 

 
9) If the emergency coordinator determines that a significant amount of waste 

escaped from the facility’s secondary containment structures, the facility’s 
transportation and disposal contractor will take soil and/or surface water samples 
to determine the extent of contamination of the area and possible remedial action. 

 
10) The affected areas of the facility will not be placed in operation again until the 

responsible agency listed at the beginning of this plan has notified the appropriate 
authorities that the facility is once again functional. 

 
11) The responsible agency will make a report of the incident in the operating record 

and will notify the NCDENR’s Division of Waste Management - Solid Waste 
Section within 24 hours.  A written report will be filed with the division within 15 
days and it should include all of the information in Item (5) above, plus the 
estimated quantity and disposition of recovered materials from the incident. 

 
3.10 Fire/Explosion Response Procedures 

 
Procedures to be used in the event of a fire or explosion are as follows: 
 

1) The individual who notices the fire or explosion will alert other personnel by 
voice or sounding the EAS. 

 
2) All personnel will stop work and secure their area of responsibility. 
 
3) The emergency coordinator will alert the local fire department and will move 

public participants to a secure location. 
 
4) Trained County employees/outside emergency response personnel will be 

assigned and/or contacted to contain and halt the fire unless an explosion is 
possible in which case an emergency coordinator will call for evacuation.  If the 
fire is chemical in nature or spreads to the chemical waste, emergency responders 
will be contacted for assistance.  Trained County employees may fight the fire 
using fire extinguishers and/or soil and absorbents.  Water will generally not be 
used if the fire is due to the ignition of a flammable liquid, because the water 
spray could cause spattering or allow the liquid to spread. 

 
5) If the fire goes beyond the incipient stage and cannot be controlled with 

extinguishers, the emergency coordinator will notify appropriate authorities and 
prepare to evacuate the work area.  Personnel will assist local responders when 
necessary.  Such assistance may include helping to evacuate local residents; 
blocking off storm drains and protecting water sources; removing all unnecessary 
personnel and vehicles from the area; and removing waste material if possible. 
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6) If the fire or explosion is serious enough to affect human health or the 
environment outside the facility, the emergency coordinator will immediately 
contact local authorities and will also notify the National Response Center or the 
government official designated as the on-scene coordinator for the area.  This 
report will include; name and telephone number of the reporter; name, address, 
and telephone number of the responsible agency; name, address and telephone 
number of the facility; date and time of the incident; type of incident; name and 
quantities of materials involved; extent of injuries; and possible hazards to human 
health and the environment. 

 
7) Once the fire has been extinguished, the cleanup of the area will commence.  

During cleanup activities, the emergency coordinator will monitor for leaks, 
pressure buildup, gas generation, or ruptures in equipment as appropriate.  If the 
fire was chemical in origin or spread to the waste area, all potentially 
contaminated cleanup materials will be disposed as of waste. 

 
8) Further response to a fire will proceed according to Steps 8 through 11 under the 

preceding spill response section of this contingency plan. 
 
3.11 Procedures for Non-Project Related Disaster 

 
In the unlikely event of a disaster such as a flood, tornado, earthquake, or bomb threat the 
following procedures will be used: 
 

1) The individual noticing the situations will notify other personnel by voice or 
sounding EAS. 

 
2) All personnel will stop work and secure their areas of responsibility. 
 
3) The emergency coordinator will alert the appropriate authorities and move 

personnel to a secure location.  The affected area will be secured to prevent 
access. 

 
4) If necessary, further procedures will be determined and implemented when 

appropriate, given the specific nature of the emergency. 
 

3.12 Evacuation Plans 
 

Whenever there is an emergency incident at the facility, the emergency coordinator will 
decide if evacuation is necessary.  In making this decision, the emergency coordinator 
will consider various factors, including the following:  a) potential for fire and/or 
explosion to intensify or spread; b) potential for release of toxic fumes/vapors; and c) 
quantity of released material. 
 
If evacuation of the facility is necessary, personnel will be immediately notified by voice 
or sounding the EAS.  The following procedures will then be implemented: 
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1) All personnel will leave the facility as quickly as possible through the nearest exit 
and proceed directly to a designated assembly area at a safe distance from the 
facility.  All site personnel will be accounted for.  If any personnel are missing, 
attempts to find them will be made as long as it does not involve endangering the 
lives of others.  No personnel or vehicles will be allowed to re-enter the facility 
unless specifically authorized by the emergency response personnel. 

 
2) After the emergency is over, re-entry will not be allowed until the emergency 

coordinator has determined that the facility is safe and has given appropriate 
notification to personnel. 

 
3) Drills will periodically be held to practice these evacuation procedures and will 

be treated with the same seriousness as an actual emergency. 
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DAVIDSON COUNTY 
DAVIDSON COUNTY LANDFILL FACILITY 

 
OPERATIONS MANUAL 

APPENDIX G:  LEACHATE RELEASE PREVENTION PLAN 
 
1.0  OVERVIEW 
 
This portion of the Operations Manual was prepared to describe the plan for the prevention of 
leachate releases at the facility.  Specifically, this plan focuses on the Phase 2 leachate storage 
tank area. 
 
2.0  DISCHARGE PREVENTION 
 
The following measures are implemented to minimize the potential for leachate discharges 
during the handling, use, or transfer of leachate at the facility.  Employees that handle leachate 
will receive training in the proper implementation of these measures. 
 

2.1 Compliance with Applicable Requirements 
 

The aboveground leachate storage tank area (Primary Tank A and Secondary 
Containment Tank) and operating equipment associated with the Phase 2 landfill unit are 
visually inspected weekly for spills, leaks, and integrity.  Any noted deficiencies are 
addressed by facility personnel. 

 
2.2 Facility Layout 

 
Figure 1 shows the layout of the Phase 2 leachate storage tank area and the surrounding 
area. 

 
2.3 Potential Discharge Flow Direction 

 
Drainage from the Phase 2 leachate storage tank area generally flows toward a nearby 
rock dam, approximately 100 feet northwest of the leachate storage tank area and 
discharges to the north through approximately ¼ mile of wooded area toward Rich Fork 
Creek to the west. 
 
In the event of an uncontrolled discharge, some storage is provided immediately upslope 
of the rock dam; thus allowing for mitigation.  Additional dikes will be created in the 
event of a release as necessary to minimize migration. 

 
2.4 Containment and Diversionary Structures 

 
The primary leachate storage tank (Tank A) is located within a larger diameter secondary 
containment tank which includes a concrete pad.  This containment tank is equipped with 
a drain valve that is normally locked in the closed position (located outside the secondary 
tank adjacent to a sump on the north side of the secondary containment tank).  The drain 
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valve is located to allow for the drainage of trapped storm water in northern portion of 
the secondary containment tank.  For storm water in the southern portion of the 
secondary containment tank, a sump is located in the floor of the secondary containment 
tank where a pump may be placed for removal of storm water.  Accumulated storm water 
inside the secondary containment tank will be removed following the procedures in 
Appendix G1. 

 
2.5 Weekly Inspection and Records 

 
The checklist provided in Appendix G2 is used for weekly inspections by facility 
personnel. This weekly inspection includes observing the exterior of storage tanks, 
piping, and other equipment for signs of deterioration, leaks, corrosion, and/or thinning. 

 
All problems or potential issues regarding tanks and related equipment must 
immediately be reported to the Solid Waste Director and/or Landfill Manager (see 
Section 3.1 for contact information).  Visible leaks from tank walls, piping, or other 
components must be repaired as soon as possible to prevent a larger spill or a discharge 
outside of the secondary storage tank.  Pooled leachate will be removed immediately 
upon discovery.  Written weekly inspection records are signed by the Solid Waste 
Director or his designee and maintained in the operating record for a period of three (3) 
years. 
 
2.6 Training 

 
The Solid Waste Director is the facility designee and is responsible for leachate discharge 
prevention, control, and response preparedness activities at this facility. 
 
Facility management has trained leachate-handling personnel in the operation and 
maintenance of leachate release prevention equipment, discharge procedure protocols, 
applicable pollution control laws, rules and regulations, general facility operations, and 
the content of this Leachate Release Prevention Plan.  New facility personnel with 
leachate-handling responsibilities are provided with this same training prior to being 
involved in leachate operations.  Quarterly discharge prevention briefings will be held by 
the Solid Waste Director for facility personnel involved in leachate operations.  Annual 
drills of leachate release response will also be conducted.  These drills will include 
release reporting to appropriate individuals and response action drills.  Records of the 
briefings and discharge prevention training are documented on the form shown in 
Appendix G3 and are maintained in the operating record for a period of three (3) years. 

 
3.0  DISCHARGE RESPONSE 
 
This section describes the response and cleanup procedures that will take place in the event of a 
leachate discharge.  The uncontrolled discharge of leachate to groundwater, surface water, or soil 
is prohibited by State and Federal laws.  Immediate action must be taken to control, contain, and 
recover discharged leachate. 
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In general, the following steps will be taken: 
 
 If possible and safe to do so, identify and shut down the source of the discharge to stop 

the flow; 
 Contact the Solid Waste Director and/or Landfill Manager or his alternate; 
 Contain the discharge with berms, trenches, sandbags, or other material; 
 The Solid Waste Director or Landfill Manager will contact regulatory authorities and the 

response organization (currently Highway 64 Portables – (336) 474-1436);  
 Discuss with regulatory authorities any assessment or corrective actions that may be 

required; and 
 Collect and dispose of recovered leachate according to regulations. 

 
The reporting of leachate releases will be as described in Section 3.1.  
 

3.1 Reporting of Leachate Releases 
 
The Solid Waste Director and/or Landfill Manager will be notified immediately of 
any release of leachate at the landfill (contact information below).  This includes 
leachate released into or outside of the secondary containment tank. 
 

Solid Waste Director: Charles Brushwood 
   Phone (Office):  (336) 242-2284 
   Phone (Cell):  (336) 240-0303 
 
Landfill Manager: Steven Sink 
   Phone (Office):  (336) 242-2284 
   Phone (Cell):  (336) 240-0666. 

 
Additionally, the NCDENR facility inspector (see below) will be notified of any leachate 
that is released outside the secondary containment tank. 
 

Facility Inspector: Hugh Jernigan 
   NCDENR – Winston-Salem Regional Office 
   585 Waughtown Street 
   Winston-Salem, NC  27107 
   Phone:  (336) 771-5093. 

 
3.2 Remediation 
 
Once facility staff have stopped the source of the leak, remediation of leachate released 
and impacted soil and water will begin.  Remediation activities will be conducted to 
minimize the migration of leachate as well as to remove leachate and leachate impacted 
materials.  Remediation activities may include (but are not limited to):  construction of 
berms to prevent further migration of leachate; pumping of leachate from ponded areas; 
and removal of leachate impacted soils/gravel. 
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3.3 Waste Disposal 
 
Following the containment and control of a release, the Solid Waste Director will provide 
for proper characterization, collection, treatment, and disposal of materials utilized and 
impacted by the released leachate.  Recovered leachate will be taken to a wastewater 
treatment plant for disposal.  Soils or gravel that have been contacted with leachate may 
be disposed in the active MSW landfill unit.  In addition, the Solid Waste Director will 
ensure that any affected equipment or materials are replaced and/or restored to full 
operational condition. 
 
3.4 Investigation and Documentation 
 
The Solid Waste Director will investigate the cause of the release and document the 
procedures taken during to mitigate the release and remedy the situation.  Furthermore, 
additional measures may be implemented as feasible in order to prevent a similar release. 
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Secondary Containment Storm Water 
Removal Procedures 
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Davidson County Landfill Facility 
Leachate Release Prevention Plan 

 
Secondary Containment Storm Water Removal Procedures 

 
1.  Observe water in secondary containment tank for any evidence of leachate (sheen 

on the water surface; discolored water; and/or discharge from primary 
containment tank or piping). 

 
If leachate appears to be present, use a submersible pump to remove all water into 
either a tanker truck or into the primary containment tank.  If water appears to be 
storm water only, follow Steps 2 through 4. 

 
2.  Open the valve just to the north side of the secondary containment tank and 

observe the flow of storm water from the existing storm water discharge pipe.  
Optionally, use a submersible pump to remove all water to a nearby drainage 
channel.  Verify that no erosion is occurring at the discharge location. 

 
3.  Monitor the flow every 15 minutes until storm water is removed from the 

secondary containment tank. 
 
4.  CLOSE the VALVE to the storm water discharge pipe (or turn off the 

submersible pump if used).  Observe that no flow is coming from the storm water 
discharge pipe. 
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Leachate Storage Tank Area 
Weekly Inspection Form 
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Leachate Storage Tank Area Weekly Inspection Form 
 

Date:      Inspection By:       Supervisor’s Signature:        
 

 Y* N Description & Comments 

Primary Containment Tank(s)     

Tank surfaces show sign of leakage    

Tank(s) are damaged, rusted, or deteriorated    

Bolts, rivets, or seams are damaged    

Level gauge or alarms are inoperable    

Vent is obstructed    

Foundation is cracked    

Secondary Containment Tank 

Tank surfaces show sign of leakage    

Tank is damaged, rusted, or deteriorated    

Bolts, rivets, or seams are damaged    

Concrete floor/foundation is cracked to allow flow of 
leachate through 

   

Stormwater removal system is inoperable or shows 
evidence of leakage 

   

Piping and Equipment 

Flow meter/batcher is/are inoperable    

Transfer pump is inoperable    

Automatic control valve is inoperable    

Blower is inoperable    

Mixer is inoperable    

Piping or valves show evidence of leaking    

Insulation and heat tracing is not functioning properly 
and/or is damaged 

   

Loadout Pad/Sump 

Area around pad shows evidence of spillage    

Sump pump is inoperable    

Discharge piping/valves are damaged and/or inoperable    
 
* For items that are marked “Yes” and which could result in the failure of the tank(s) to contain leachate, remedial measures 
will be taken immediately to correct the deficiency.  Items that are marked “Yes” and which would not result in the failure of 
the tank(s) to contain leachate, remedial measures will be taken as soon as practical. 
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Quarterly/Annual Training Log Form 
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Davidson County Landfill Facility 
Quarterly Leachate Release Prevention Training Log and  

Annual Release Response Drill Log 
 
 
 

 
Date 

 

 
Subject 

 
Trainer(s) 

 
Attendees 
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Operations Testing Memo 
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Davidson County Landfill – Phase 2 
Operations Manual Training Log 

 
 

Date Subject Trainer Attendees 
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SECTION 1.0 
CLOSURE PLAN 

 
1.1  OVERVIEW 
 
This plan is intended to serve as a guide for the proposed closure.  A formalized Closure Plan for 
each landfill unit (or incremental portion thereof) will be submitted to the Solid Waste Section of 
the North Carolina Department of Environment and Natural Resources Division of Waste 
Management (DWM) for approval prior to beginning closure construction. 
 
1.2 MAXIMUM CLOSURE AREA AND WASTE CAPACITY 
 
The following are the estimated areas and capacity for each landfill unit to be closed under this 
plan. 
 

 
Landfill Unit 

 
Closure Area 

(Acres) 
Gross Capacity (CY)1 Net (Waste) Capacity 

(CY/Tons)1 
 

MSW Landfill Units 
 
Phase 2(Areas 1-2) 

 
26.6 1,763,908 1,586,587 CY 

1,088,318 Tons 
 

C&D Units 
 
Phases 1-4 
 

 
7.6 308,752 249,868 CY 

140,350 Tons 

 
Notes: 
1.  The volume and tonnage figures assumed for each landfill unit are based on the site’s Facility 

Plan.  Refer to Section 2.0 (Facility Report) of the Facility and Engineering Plan (Attachment A). 
 Note that the gross capacities reported are from bottom of waste (top of protective cover or 
subgrade as appropriate) to top of final cover. 

 
2.  Note that closure of the Phase 1 MSW landfill unit (31.9 Acres/1,415,217 Tons In-Place) was 

completed in 2010-2011.  A report documenting closure activities is currently on file with the NC 
DWM (reference: CQA Report, Davidson County MSWLF Phase 1B Closure, prepared by 
Richardson Smith Gardner & Associates, Inc., dated May 2011). 

 
1.3 FINAL COVER SYSTEM 
 
The final cover system will consist of the following components (top-down): 
 
 MSW Landfill Units: 
 

 a 24-inch thick vegetative soil layer (including 6 inches of topsoil); 
 a drainage geocomposite (with drainage breaks); 
 a 30-mil textured LLDPE geomembrane; and 
 a 12-inch thick intermediate cover layer. 
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C&D Landfill Units: 
 

 an 18-inch thick vegetative soil layer; and 
 an 18-inch thick soil liner with a hydraulic conductivity of no more than 1 x 10-5 

cm/sec (“compacted soil barrier”). 
 
The final cover system will be placed on prepared intermediate cover at a maximum slope of 
4H:1V.  Surface water control devices will also be incorporated into the final cover of each 
landfill unit and some units will have a landfill gas (LFG) control system.  The final cover 
surface will be vegetated upon completion of the final cover installation according to the project 
seeding specifications. 
 
Where applicable, placement of the vegetative soil layer over the cover geosynthetics must be 
done with care to avoid damage to these materials.  This soil layer should be placed from the 
bottom up using a small dozer equipped with low ground contact pressure (6 psi or less) tracks.  
A minimum of 12 inches of soil should be maintained between the dozer tracks and the 
underlying geosynthetics.  The soil buffer should receive no compaction other than that provided 
by the dozer tracks.  Pans or other heavy equipment should not operate on the vegetative soil 
layer. 
 
Refer to the appropriate permit application for a detailed discussion and details related to the 
design of the final cover system for each landfill unit. 
 
1.4 LANDFILL GAS SYSTEM 
 
For the MSW landfill units and C&D landfill units overlying MSW units, a landfill gas system is 
provided in the final cover design.  This system includes a system of collection wells placed 
within the waste to capture the gas and either passively vent or flare the gas via utility flares or, 
as required, actively collect and flare the gas via header piping and a blower/flare system.  The 
collection wells should be placed before any geosynthetics are placed. 
 
Refer to the appropriate permit application for a detailed discussion and details related to the 
design of the landfill gas system for each landfill unit. 
 
1.5 SURFACE WATER SYSTEMS 
 
Precipitation falling on the cover will infiltrate into the cover or run off the cover.  Short-term 
the run-off runs down the surface of the intermediate cover.  Long-term the run-off is collected 
in a series of drainage breaks built into the areas covered by final cover.  These drainage breaks 
are provided along side slopes (rain gutters and/or diversion berms).  Water captured by rain 
gutters or diversion berms is routed toward one of the down pipes.  Flow in the down pipes is 
routed to the base of the landfill and to one of the site sediment basins. 
 
Refer to the appropriate permit application for a detailed discussion and details related to the 
design of surface water systems for each landfill unit. 
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1.5.1 Incremental Operation 
 

During much of the life of the landfill, surface run-off will be handled by the 
intermediate cover system.  Operations must strive to provide operational grading that 
encourages run-off from the intermediate cover to drain to the perimeter channels along 
the perimeter berms or to areas covered by final cover.  Corrugated polyethylene (CPE) 
piping and temporary soil berms must be installed if required to accomplish this run-off 
routing. 

 
1.5.2 Required Maintenance 

 
The surface water systems must be inspected annually and immediately after every major 
storm.  Sediment build-up in the drainage features/devices must be cleaned out on a 
regular basis to promote run-off.  Sediments removed can be used as daily or 
intermediate cover. 

 
1.6 CLOSURE SCHEDULE 
 
In general, closure activities will occur on the following schedule: 
 

MSW Landfill Units (15A NCAC 13B.1627(c)(5)): 
 

 No later that 30 days after the date on which the MSWLF unit receives the known 
final receipt of wastes; or 

 
 If the MSWLF unit has remaining capacity and there is a reasonable likelihood 

that the MSWLF unit will receive additional wastes, no later than one year after 
the most recent receipt of wastes. 

 
C&D Landfill Units (15A NCAC 13B.0543(c)(5)): 

 
 No later that 30 days after the date on which the C&DLF unit receives the known 

final receipt of wastes; 
 

 No later than 30 days after the date that a 10 acre or greater area of waste, is 
within in 15 feet of final design grades; or 

 
 No later than one year after the most recent receipt of wastes, if the C&DLF unit 

has remaining capacity. 
 
Prior to beginning closure of any landfill unit, the County with notify the DWM that a notice of 
the intent to close the unit has been placed in the operating record. 
 
All closure activities shall be completed within 180 days.  Exemptions and extensions may be 
approved by the DWM. 
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1.7 CLOSURE VERIFICATION 
 
The following procedures will be implemented following closure: 
 

 A Construction Quality Assurance (CQA) report will be submitted to the DWM.  
This report will describe the observations and tests used before, during, and upon 
completion of construction to ensure that the construction materials meet the final 
cover design specifications and the construction and certification requirements.  The 
CQA report will contain as-built drawings. 

 
 A signed certification from a registered Professional Engineer verifying that closure 

has been completed in accordance with the closure plan will be submitted to the 
DWM. 

 
 At least one sign notifying all persons of the closing of the landfill (or incremental 

portions thereof) and that wastes are no longer accepted will be posted.  Suitable 
barriers will be installed as necessary at former access points to prevent new waste 
from being deposited. 

 
 Within 90 days, a survey plat, prepared by a registered Professional Land Surveyor, 

indicating the location and dimensions of landfill disposal areas, will be prepared. 
 

 A notation will be recorded on the deed (through the County Register of Deed’s 
Office) notifying any potential purchaser of the property that the land has been used 
as a landfill facility and that future use is restricted under the approved closure plan.  
A copy of the deed notation as recorded will be filed with the operating record and 
notification will be provided to the DWM. 
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SECTION 2.0 
POST-CLOSURE PLAN 

 
2.1  OVERVIEW 
 
This Post-Closure Plan has been developed to outline steps to be taken to ensure the integrity of 
the landfill during its post-closure care period.  The post-closure care period will last at least 30 
years after final closure and, at a minimum, will consist of the following: 
 

 Maintaining the integrity and effectiveness of final cover system; 
 

 Performing groundwater and surface water monitoring; 
 

 Maintaining and operating a gas monitoring system; and 
 

 Maintaining run-on/run-off controls. 
 
No wastes will remain exposed after closure of the landfill.  Access to the closed site by the 
public will not pose a health hazard. 
 
2.2 POST-CLOSURE CONTACT 
 
All correspondence and questions concerning the post-closure care of the landfill should be 
directed to: 
 

Mr. Charles Brushwood, Director 
Davidson County Integrated Solid Waste Management Department 
1242 Old U.S. Highway 29 
Thomasville, NC  27360 
Phone:  (336) 242-2284 
Fax:  (336) 249-7524. 

 
2.3 POST-CLOSURE USE 
 
After filling operations cease at the landfill and the landfill is officially closed in accordance 
with the Closure Plan, each landfill unit will be maintained as a grassy hill.  Davidson County 
will maintain control of the property and prevent public access to it during the post-closure 
period. 
 
There may be (an) access road(s) on the final cover to allow proper maintenance during post-
closure.  Precise location of the access road(s) will be determined as a part of operations.  Low 
ground pressure and rubber tire vehicles will be used for maintenance.  Additionally, the County 
will maintain access to all site monitoring locations through the post-closure period. 
 
Davidson County may consider the possibility of the installation of one or more wind turbines on 
top of one or more closed landfill units.  The County may install test devices (anemometers, etc.) 
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on these units to evaluate this potential.  Test devices are not expected to impact existing final 
cover systems.  An appropriate permit submittal will be made in the future should the County 
proceed with the installation of any temporary or permanent device which would impact the final 
cover system of any landfill unit. 
 
2.4 MAINTENANCE 
 

2.4.1 Repair of Security Control Devices 
 

All security control devices will be inspected and maintained as necessary to ensure 
access to the site is controlled.  Locks, vehicular gates, and fencing will be replaced if 
functioning improperly.  Warning signs will be kept legible at all times and will be 
replaced if damaged by inclement weather or vandalism. 

 
2.4.2 Erosion Damage Repair and Vegetation 

 
If erosion of the final cover occurs during post-closure, the affected area will be repaired 
and revegetated as necessary.  If necessary, rolled erosion control products (RECPs) will 
be used to expedite rapid revegetation of slopes and to secure topsoil in place.  
Revegetation (including fertilization and seeding) will be performed in accordance with 
the most recently approved erosion and sedimentation control plan and the North 
Carolina Erosion and Sediment Control Planning and Design Manual. 

 
Mowing of the final cover surfaces will occur approximately once per year in order to 
help maintain a healthy stand of grasses and to cut down saplings and woody-stemmed 
plants. 

 
2.4.3 Correction of Settlement, Subsidence, and Displacement 

 
Minimum slopes of 5 percent will be maintained after settlement in order to prevent 
ponding and allow for proper drainage without infiltration.  If vertical or horizontal 
displacement occurs due to differential settlement, cracks will be filled with appropriate 
material and final cover will be reestablished.  Excessive vertical displacement is not 
anticipated. 

 
2.4.4 Leachate Management System (Lined Units) 

 
In order to maintain the free flow in leachate collection piping, piping will be cleared of 
debris using the manholes or cleanout locations for access.  If pipes should crush or 
buckle within the landfill, leachate will flow through the gravel columns.  The leachate 
collection system (LCS) includes a continuous blanket drain on the base of the landfill 
which will allow drainage of leachate even in the very unlikely event of total failure of 
the leachate collection pipes. 
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2.4.5 Leachate Seeps 
 

If evidence of leachate seeps is observed, the County will take the following actions.  
Depending on the circumstances, various combinations of actions may be appropriate. 
 
1.  If leachate is observed outside of the limits of waste disposal areas, notify the 

DWM. 
2.  Contain the flow of leachate using soil berms and/or excavation. 
3.  Excavate the area of seepage to attempt to allow flow into the underlying waste 

(i.e. break-up soil layers that may be causing the seep.). 
4.  For contained leachate that will not flow into underlying waste, a pump may be 

required to route the leachate to an existing leachate collection system cleanout 
pipe (lined landfill units) or to a tanker truck. 

5.  For lined landfill units, french drains may be utilized for routing the seepage to 
the leachate collection system (via cleanout pipes). 

6.  The use of soil (particularly clay) to plug the seepage may also be successful in 
the case where flows are minor. 

7.  Remove and dispose of impacted cover soils accordingly. 
8.  Repair landfill cover as necessary. 

 
2.4.6 Closure of Storage Lagoon and Tanks 

 
After closure of the Phase 1 and Phase 2 landfill units have been achieved, the generation 
of leachate will eventually curtail.  The flow rate immediately after closure should 
decrease to approximately 100 gallons/acre/day.  Toward the end of the 30-year post-
closure period, the flow should approach zero, at which time the storage lagoon (Phase 1) 
or the storage tanks (Phase 2) will not be required.  The following procedures will be 
followed to properly close the leachate storage lagoon and tanks: 

 
 Completely drain and remove all liquids, sludges, sediments, etc. from the storage 

lagoon or tanks. 
 

 Disassemble the lagoon or tanks, piping, and appurtenances and dispose of the 
contents in a manner approved by the DWM. 

 
 Sample and analyze the underlying soil for appropriate constituents inherent to 

leachate.  Assess the results for evidence of contaminant migration. 
 

 If contamination of underlying soils is exhibited, perform an assessment as to the 
degree of contamination and develop remedial actions. 

 
 Obtain approval of the DWM for the assessment and associated remedial 

measures. 
 

 Perform the remedial actions as necessary to limit any threats to public health and 
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the environment. 
 

 Restore the area(s) to closely match pre-existing conditions in the vicinity of the 
containment area(s).  Activities may include:  filling, grading, topsoiling, and 
seeding. 

 
2.4.7 Repair of Run-On/Run-Off Control Structures 

 
All drainage swales, ditches, and perimeter channels will be repaired, cleaned, or 
realigned in order to maintain their original condition.  Any culverts that are damaged 
will be repaired or replaced.  Sediment basins/ponds will be cleaned out when sediment 
has reached design cleanout levels. 

 
2.4.8 Landfill Gas System 

 
The landfill gas system will be maintained by the County and operated in accordance 
with any site air quality permits.  Proper operation of the system is verified through 
testing at the landfill gas monitoring wells. 

 
If gas wells/vents do not function as a result of irregular settlement, accumulation of 
liquids (condensate, leachate, water), binding or corrosion, additional and/or replacement 
wells/vents can be installed if necessary in accordance with the current Landfill Gas 
Management Plan. 

 
2.4.9 Groundwater Monitoring Wells 

 
Procedures outlined in the current Water Quality Monitoring (WQM) Plan or subsequent 
revision will take precedence; however, a brief description follows.  All groundwater 
monitoring wells have been installed with concrete pads and protective casings to prevent 
accidental damage by vehicles and equipment.  The wells are also equipped with a 
locking cap to discourage vandalism.  Groundwater wells will be inspected regularly (at 
the time of sampling) to ensure integrity.  Persons inspecting a well should look at the 
overall condition of the well, for signs of well tampering, and cracking or degradation of 
the concrete pad.  Should a well require replacement, the defective well should be 
abandoned in accordance with specifications provided in the WQM Plan and a new well 
installed at a location that is approved by the DWM. 

 
2.5 MONITORING PLAN 
 
The closed unit will be monitored for a minimum of 30 years.  Inspections of the closed landfill 
will be scheduled to ensure the integrity and effectiveness of the final cover system, surface 
water systems, groundwater monitoring system, landfill gas system, and to protect human health 
and the environment. 
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2.5.1 Inspection Frequencies 
 

Inspections to be conducted by the County during the post-closure care period will occur 
regularly as shown in Table 2.1. 

 
2.5.2 Inspection Activities 

 
Inspections will include examination of the security control devices for signs of 
deterioration or vandalism to ensure access to the site is limited to authorized persons.  
Each disposal area will be checked to ensure the integrity of the final cover system is 
maintained, erosion damage is repaired, vegetative cover persists, and that cover 
settlement, subsidence, and displacement are minimal.  Additionally, the condition of the 
groundwater and gas monitoring systems and permanent benchmarks will be checked. 

 
A report of findings will be made to the responsible party, including recommendations 
for actions deemed necessary to ensure the site continues to meet the closure performance 
standard. 

 
2.5.3 Record Keeping 
 
Records of inspections and repairs will be kept on file by the County throughout the post-
closure period. 

 
2.6 ENGINEERING CERTIFICATION 
 
Following completion of the post-closure care period for each landfill unit, the County will 
notify the DWM that a certification, signed by a registered professional engineer, verifying that 
post-closure care has been completed in accordance with the post-closure plan, has been placed 
in the operating record. 
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TABLE 2.1:  POST-CLOSURE INSPECTION FREQUENCIES 
 
 

INSPECTION ACTIVITY 
 

YEAR 1 
 

YEARS 2-30 

 
Security Control Devices Quarterly 

 
Quarterly 

 
Vegetative Cover Condition Quarterly1 

 
Quarterly 

 
Surface Water Systems Quarterly1 

 
Quarterly 

 
Erosion Damage Quarterly1 

 
Quarterly 

 
Cover Drainage System Quarterly1 

 
Semi-Annually 

 
Cover Settlement, Subsidence, and Displacement Quarterly1 

 
Semi-Annually 

 
Leachate Management System Quarterly 

 
Semi-Annually 

 
Landfill Gas System Quarterly2 

 
Semi-Annually2 

 
Water Quality Monitoring Semi-Annually3 

 
Semi-Annually3 

 
LFG Monitoring System Quarterly4 

 
Quarterly4 

 
Benchmark Integrity Annually 

 
Annually 

 
Leachate Collection Pipe Inspection/Cleanout 
 

See Note 5 
 

 
Notes: 

  
1.  These items will be inspected after each large storm event (i.e. > 1 inch in any 24 

hours). 
2.  Or in accordance with the current Landfill Gas Management Plan or air quality 

permit(s). 
3.  Or in accordance with groundwater monitoring schedule described in the current 

Water Quality Monitoring Plan. 
4.  Or in accordance with the current LFG Monitoring Plan. 
5.  Remote camera inspection and flushing (if necessary) of leachate collection 

piping (portion that can be inspected and cleaned) will be performed every 3 
years.  If piping is mostly clean at a 3-year interval, the County may petition the 
DWM to increase the inspection/cleaning frequency to a 5-year interval. 
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SECTION 3.0 
CLOSURE/POST-CLOSURE COST ANALYSIS 

 
3.1  OVERVIEW 
 
The purpose of this section is to provide a written estimate (in current year dollars) of costs 
associated with all activities specified in the written closure and post-closure plans which have 
been developed for the MSW (Phases 1 and 2) and C&D (Phases 1-4) landfill units of the 
Johnston County Landfill. 
 
3.2 ESTIMATED CLOSURE COSTS 
 
Tables 3.1A and 3.1B summarize the estimated costs for complete closure of the MSW Phase 2 
(Areas 1-2) and C&D (Phases 1-4) landfill units, respectively (the maximum area to be closed).  
The cost estimate for each unit is based on a third party providing the necessary services and 
includes labor in the unit prices given.  The estimated closure costs will be reviewed and updated 
as required to reflect adjustments for inflation, increased costs in construction or materials, or 
any other adjustments to the Closure Plan. 
 
3.3 ESTIMATED POST-CLOSURE COSTS 
 
Tables 3.2A, 3.2B, and 3.2C summarize the estimated costs for the post-closure care 
maintenance activities for the MSW Phase 1, MSW Phase 2 (Areas 1-2), and C&D (Phases 1-4) 
landfill units, respectively.  The cost estimate for each unit is based on a third party providing the 
necessary services and includes labor in the unit prices given.  The estimated post-closure costs 
will be reviewed and updated as required to reflect adjustments for inflation, rising costs of 
anticipated post-closure care, or any other adjustments to the Post-Closure Plan. 
 
3.4  ESTIMATED ASSESSMENT AND CORRECTIVE ACTION COSTS 
 
Table 3.3 summarizes the current potential assessment and corrective (remedial) action cost for 
the landfill facility.  This cost is based on the required minimum amount ($2,000,000) per NCGS 
130A 295.2(h) (as modified by Session Law 2011-262) and includes amounts for water quality 
and landfill gas (LFG) monitoring and reporting (per NC DWM policy) plus contingency funds 
to cover potential future assessment and corrective action costs. 
 
3.5  FINANCIAL ASSURANCE MECHANISM 
 
Davidson County intends to continue to use the Local Government Financial Test (15A NCAC 
13B.1628(e)(1)(f)) to demonstrate financial assurance for this facility.  
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TABLE 3.1A:  MSW - PHASE 2 - CLOSURE COST ESTIMATE1 
 
 

ITEM 
 

QUANTITY UNITS UNIT 
COST 

 
ITEM 
COST 

(2012 $) 
 
Surface Preparation 26.6 Acre $10,000 

 
$266,000 

 
Landfill Gas System 26.6 Acre $15,000 

 
$399,000 

 
30 mil Textured LLDPE 
Geomembrane 

1,159,000 SF $0.50 
 

$579,500 

 
Drainage Geocomposite 1,159,000 SF $0.60 

 
$695,400 

 
Vegetative Soil Layer (24") 86,000 CY $5.0 

 
$430,000 

 
Erosion Control (Rain Gutters, 
Diversion Berms, Down Pipes, 
Drainage Channels, Etc.) 

26.6 Acre $15,000 
 

$399,000 

 
Revegetation 26.6 Acre $1,500 

 
$39,900 

 
Surveying 26.6 Acre $2,000 

 
$53,200 

 
Subtotal: 

 
$2,862,000 

 
Bonds, Mobilization, & Insurance  (4% of Subtotal): 

 
$114,200 

 
Subtotal: 

 
$2,976,480 

 
Contingency (10%): 

 
$297,648 

 
Construction Subtotal: 

 
$3,274,128 

 
Engineering 26.6 Acre $2,000 

 
$53,200 

 
CQA 26.6 Acre $6,000 

 
$159,600 

 
TOTAL: 

 

 
$3,486,928 

 

 
Notes: 

 
1. Assumes closure of 26.6 acres (Phase 2 – Areas 1-2). 

 
 
 
 



  
Davidson County Landfill  Closure and Post-Closure Plan 
May 2012 CLOSURE/POST-CLOSURE COST ANALYSIS  Page 3.0-3 

TABLE 3.1B:  C&D – PHASES 1-4 - CLOSURE COST ESTIMATE1 
 
 

ITEM 
 

QUANTITY UNITS UNIT 
COST 

 
ITEM 
COST 

(2012 $) 
 
Surface Preparation 7.6 Acre $2,000 

 
$15,200 

 
Landfill Gas System 7.6 Acre $3,000 

 
$22,800 

 
Compacted Soil Barrier (18”) 18,400 CY $7.00 

 
$128,800 

 
Vegetative Soil Layer (18") 18,400 CY $4.00 

 
$73,600 

 
Erosion Control (Diversion Berms, 
Down Pipes, Drainage Channels, 
Etc.) 

7.6 Acre $5,000 
 

$38,000 

 
Revegetation 7.6 Acre $1,500 

 
$11,400 

 
Surveying 7.6 Acre $2,000 

 
$15,200 

 
Subtotal: 

 
$305,000 

 
Bonds, Mobilization, & Insurance  (4% of Subtotal): 

 
$12,200 

 
Subtotal: 

 
$317,200 

 
Contingency (10%): 

 
$31,720 

 
Construction Subtotal: 

 
$348,920 

 
Engineering 7.6 Acre $2,000 

 
$15,200 

 
CQA 7.6 Acre $6,000 

 
$45,600 

 
TOTAL: 

 

 
$409,720 

 

 
Notes: 

 
1. Assumes closure of 7.6 acres (Phases 1-4). 

 
 
 
 
 
 
 



  
Davidson County Landfill  Closure and Post-Closure Plan 
May 2012 CLOSURE/POST-CLOSURE COST ANALYSIS  Page 3.0-4 

TABLE 3.2A:  MSW PHASE 1 - POST-CLOSURE COST ESTIMATE1 
 
 

ITEM 
 

QUANTITY UNIT UNIT 
COST 

 
TOTAL 
(2012 $) 

 
Site Inspection And Record Keeping 60 HR $75 

 
$4,500 

 
Revegetation (5% Total Area) 2 Acre $1,500 

 
$3,000 

 
Mowing (once per year) 32 Acre $100 

 
$3,200 

 
Erosion Control 1 LS $5,000 

 
$5,000 

 
Gates/Fences/Access 1 LS $2,000 

 
$2,000 

 
LFG System2 1 LS $5,000 

 
$5,000 

 
Leachate Management3 1 LS $43,287 

 

 
$43,287 

 
Subtotal: 

 
$65,987 

 
Contingency (10%): 

 
$6,599 

 
ANNUAL TOTAL: 

 
$72,586 

 
30-YEAR TOTAL: 

 
$2,177,580 

 

 
Notes: 

 
1.   Assumes post-closure of MSW Phase 1 (31.9 Ac.). 
2.   LFG system costs include basic maintenance necessary for regulatory compliance 

($4,000 per year) and decommissioning ($1,000 per year to account for assumed 
$30,000 cost) at end of post-closure period.  

3.   Leachate treatment based on 100 gal/ac/day x 31.9 acres lined x 365 x $20/1,000 
gal. ($23,287/year) plus $5,000/year staff cost plus $3,000/year lab cost plus 
$2,000/year leachate collection line cleanout costs.  Also includes $10,000 per 
year to account for decommissioning leachate facilities (storage lagoon) 
($300,000 assumed cost) at the end of the post-closure period. 
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TABLE 3.2B:  MSW PHASE 2 - POST-CLOSURE COST ESTIMATE1 
 
 

ITEM 
 

QUANTITY UNIT UNIT 
COST 

 
TOTAL 
(2012 $) 

 
Site Inspection And Record Keeping 60 HR $75 

 
$4,500 

 
Revegetation (5% Total Area) 2 Acre $1,500 

 
$3,000 

 
Mowing (once per year) 27 Acre $100 

 
$2,700 

 
Erosion Control 1 LS $5,000 

 
$5,000 

 
Gates/Fences/Access 1 LS $2,000 

 
$2,000 

 
LFG System2 1 LS $5,000 

 
$5,000 

 
Leachate Management3 1 LS $39,418 

 

 
$39,418 

 
Subtotal: 

 
$61,618 

 
Contingency (10%): 

 
$6,162 

 
ANNUAL TOTAL: 

 
$67,780 

 
30-YEAR TOTAL: 

 
$2,033,400 

 

 
Notes: 

 
1.   Assumes post-closure of MSW Phase 2 (Areas 1-2) (26.6 Ac.). 
2.   LFG system costs include basic maintenance necessary for regulatory compliance 

($4,000 per year) and decommissioning ($1,000 per year to account for assumed 
$30,000 cost) at end of post-closure period.  

3.   Leachate treatment based on 100 gal/ac/day x 26.6 acres lined x 365 x $20/1,000 
gal. ($19,418/year) plus $5,000/year staff cost plus $3,000/year lab cost plus 
$2,000/year leachate collection line cleanout costs.  Also includes $10,000 per 
year to account for decommissioning leachate facilities (storage lagoon) 
($300,000 assumed cost) at the end of the post-closure period. 
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TABLE 3.2C:  C&D UNIT - POST-CLOSURE COST ESTIMATE1 
 
 

ITEM 
 

QUANTITY UNIT UNIT 
COST 

 
TOTAL 
(2012 $) 

 
Site Inspection And Record Keeping 20 HR $75 

 
$1,500 

 
Revegetation (5% Total Area) 0.4 Acre $1,500 

 
$600 

 
Mowing (once per year) 8 Acre $100 

 
$800 

 
Erosion Control 1 LS $2,000 

 
$2,000 

 
Gates/Fences/Access 1 LS $1,000 

 
$1,000 

 
Subtotal: 

 
$5,900 

 
Contingency (10%): 

 
$590 

 
ANNUAL TOTAL: 

 
$6,490 

 
30-YEAR TOTAL: 

 
$194,700 

 

 
Notes: 

 
1.   Assumes post-closure of C&D Phases 1-4 (7.6 Ac.). 
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TABLE 3.3:  ASSESSMENT & CORRECTIVE ACTION COST ESTIMATE1 
 
 

ITEM 
 

ANNUAL COST 
 
30-YEAR TOTAL

(2012 $) 
 
MSW - Phase 1 (See Notes 2 and 5): 

Water Quality Monitoring & Reporting 
 

LFG Monitoring & Reporting 
 

 
$30,000 

 
$ 6,000 

 

 
 

$900,000 
 

$180,000 
 

 
MSW - Phase 2 (See Notes 3 and 5): 

Water Quality Monitoring & Reporting 
 

LFG Monitoring & Reporting 
 

 
$30,000 

 
$ 6,000 

 

 
 

$900,000 
 

$180,000 
 

 
C&D - Phases 1-4 (See Notes 4 and 5): 

Water Quality Monitoring & Reporting 
 

LFG Monitoring & Reporting 
 

 
$10,000 

 
$ 4,000 

 

 
 

$300,000 
 

$120,000 
 

 
Subtotal:

 
$2,580,000 

 
Contingency:

 
$420,000 

 
TOTAL:

 
$3,000,000 

 

 
Notes: 

 
1.   Per NCGS 130A 295.2(h) (as modified by Session Law 2011-262). 

 2.  The water quality monitoring and reporting cost for the Phase 1 MSW landfill unit 
assumes 15 long-term wells/points sampled semi-annually @ $15,000 per event (annual 
cost = $30,000). 

3.  The water quality monitoring and reporting cost for the Phase 2 MSW landfill unit 
assumes 15 long-term wells/points sampled semi-annually @ $15,000 per event (annual 
cost = $30,000). 

4.  The water quality monitoring and reporting cost for the C&D landfill unit assumes 5 
long-term wells/points sampled semi-annually @ $5,000 per event (annual cost = 
$10,000). 

5.  The LFG monitoring and reporting costs assume quarterly monitoring for each unit at a 
cost of:  $1,500/event (Phase 1 MSW) (annual cost = $6,000); $1,500/event (Phase 2 
MSW) (annual cost = $6,000); and $1,000/event (C&D) (annual cost = $4,000).   
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DAVIDSON COUNTY 
DAVIDSON COUNTY MSW LANDFILL - PHASE 2 - AREA 2 

 
EROSION AND SEDIMENTATION CONTROL PLAN 

 
1.0 NARRATIVE 
 

1.1 Project Description 
 

Davidson County plans to construct a lined expansion (Phase 2 - Area 2) of their existing 
municipal solid waste (MSW) landfill at their landfill facility located off of Old U.S. 
Highway 29 near Lexington.  The construction and operation of the 11.9 acre landfill 
expansion will occur within acreage previously permitted.  Prior approved plans for the 
site include: 
 

1. Phase 2 Access Road and Borrow Areas 1 and 2 (Approved:  September 2004); 
2. Phase 2 - Area 1 (Approved:  April 2007); and 
3. Southern Stockpile Area (Approved:  August 2007). 

 
This plan discusses both the initial and long term (final) erosion and sedimentation 
control measures used on this project. 

 
1.2 Contact Information 

 
1.2.1 Engineer:  For questions regarding this erosion and sedimentation control 

plan, please contact the following: 
 

Richardson Smith Gardner & Associates, Inc. 
Attn.:  Pieter K. Scheer, P.E. 
14 N. Boylan Ave. 
Raleigh, NC  27603 
Phone:  (919) 828-0577 
Fax:  (919) 828-3899. 

 
1.2.2 Owner:  The owner of the site and the person to contact should sediment 

control issues arise during the land-disturbing activity is as follows: 
 

Davidson County Integrated Solid Waste Management 
Attn.:  Charles Brushwood, Director 
1242 Old U.S. Highway 29 
Thomasville, NC  27360 
Phone:  (336) 242-2284 
Fax:  (336) 249-7524. 
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1.3 Existing Site Conditions 
 

The proposed Area 2 unit is situated in an active borrow area to the east of the active 
Area 1 landfill unit.  Currently drainage from this portion of the site is routed to an 
existing sediment basin via a series of culverts. 

 
1.4 Adjacent Areas 

 
The proposed site lies within County-owned property on all sides.  Rich Fork Creek, lies 
just to the north of the proposed site.  The site will be accessed from Old Highway 29 at 
the north end of the site. 

 
1.5 Site Soils Information 

 
The native surficial soils at the site fall mostly under the categories of Enon (En) fine 
sandy loam and Poindexter and Zion (Pn) sandy loams with lesser amounts of Pacolet 
(Pa) sandy loam and Wickham (Wk) fine sandy loam according to the USGS (Davidson 
County) soil survey.  The surficial soils become coarser with depth and grade down to 
partially weathered rock (PWR) and rock (generally granite).  The native soils to be used 
in site construction are classified as being in either hydrologic soil group (HSG) “B” or 
“C”.  Conservatively, HSG “C” was used in the runoff calculations. 

 
2.0 DESIGN GUIDELINES AND PROCEDURES  
 
The erosion and sediment control design for the landfill was conducted based on guidelines and 
procedures as set forth in the following references: 
 

1.  HydroCAD Software Solutions, LLC (2006), HydroCAD Stormwater Modeling 
System Owner’s Manual - Version 8, Chocorua, NH. 

 
2.  North Carolina Division of Land Resources (2009 Update), North Carolina 

Erosion & Sediment Control Planning & Design Manual, Raleigh, NC. 
 

3.  Malcom, H. Rooney (1989 & 2003 Supplement), Elements of Urban Stormwater 
Design, NC State Univ., Raleigh, NC. 

 
3.0  RUNOFF CALCULATIONS 
 
All stormwater flow volumes were calculated using the HydroCAD computer program (utilizing 
USDA-NRCS (SCS) methods) and/or the Rational Method based on a 25-year 24-hour storm 
event.  This storm event, which is a requirement of current North Carolina solid waste 
regulations, exceeds the 10-year event required by current North Carolina Sediment Control 
regulations.  Rainfall quantities and/or intensities used in the analyses were derived from an 
analysis of design storms for the site.  Drainage areas were determined using a planimeter and/or 
AutoCAD on topographic sheets of the project area.  For each drainage area, runoff curve 
numbers (SCS methods) and/or runoff coefficients (Rational Method) were selected based on 
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ground cover conditions.  Times of concentration were calculated by HydroCAD using SCS 
methods. 
 
4.0 EROSION AND SEDIMENTATION CONTROL MEASURES - INITIAL 
 
The following erosion and sedimentation control measures are to be constructed as part of the 
proposed construction.  Appendices A, B, and C to this plan include calculations, technical 
specifications, and plans and details for each of these measures, respectively. 
 
Note that some erosion and sedimentation control measures are numbered and some are 
designated with a letter.  Those measures which are numbered refer to permanent measures; 
those measures designated with a letter refer to long-term temporary measures. 
 

4.1 Sediment Basins 
 

There are four existing permanent sediment basing (Sediment Basins 1, 2, 3, and 4) 
which serve the site.  Drainage from the Area 2 expansion area will drain primarily to 
Sediment Basin 3 with lesser amounts to Sediment Basins 1, 2, and 4.  Each sediment 
basin was modeled with the HydroCAD computer program to verify its behavior in the 
design storm. 

 
4.2 Drainage Channels 

 
Drainage channel calculations were conducted using a reformulation of Manning's 
Equation in a spreadsheet format.  The calculations determine the normal depth of flow 
based on the peak discharge from the design storm (from HydroCAD) and assumed 
channel dimensions/slope(s).  Both temporary and/or permanent channel linings were 
chosen, as appropriate, based on the calculated velocity and/or shear stress. 

 
4.3 Culverts 

 
There are several culverts which will be used at the site to convey flow beneath roadways 
and embankments.  Each culvert will be directed to one of the site sediment basins.  
Culverts were designed using HydroCAD.  New culverts to be added for Area 2 will be 
connected with existing culverts. 

 
4.4 Drop Inlets 
 
Weir-type drop inlets will be used in the perimeter drainage channel to route flows into 
culverts.  These drop inlets were designed either using HydroCAD or a spreadsheet based 
on an analysis of the flow capacity of the open sides (weirs) of the drop inlet compared to 
the maximum flow from the design storm.  Prior to vegetative stabilization of the 
perimeter channel, each drop inlet will be protected from sedimentation by a placing a 
wire mesh and coarse aggregate filter around all sides of the drop inlet. 
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4.5 Silt Fence 
 

Silt fencing design was based on criteria set forth in E&SCP&DM, Section 6.62 
including the limitation of 100 feet of fencing for each ¼ acre of drainage area.  Silt 
fencing will be used as necessary and where minor flows are not contained by existing 
features. 

 
4.6 Vegetative Stabilization 

 
Vegetative stabilization will be in accordance with the seeding schedule in the project 
specifications (provided as an attachment to this plan).  The seeding schedule was based 
on Table 6.11k of E&SCP&DM which is applicable to this site. 

 
5.0  EROSION AND SEDIMENTATION CONTROL MEASURES - FINAL 
 
The following erosion and sedimentation control measures are to be constructed as part of final 
cover construction.  Appendices A, B, and C to this plan include calculations, technical 
specifications, and plans and details for each of these measures, respectively. 
 

5.1 Cap Diversion Berms 
 

Cap diversion berms will be placed near the slope break of the final cover where the 
4H:1V side slopes break to a flatter grade.  Flow from the cap diversion berms is directed 
to the down pipes.  The capacity and need for lining of cap diversion berms was checked 
using the same procedures as described above for drainage channels. 
 
5.2  Rain Gutters 

 
Rain gutters will be placed along final cover side slopes at a maximum spacing of 
approximately 150 feet.  Flow from the rain gutters will be directed to the down pipes. 
Rain gutters were designed using a spreadsheet.  The capacity of the rain gutters was 
checked based on partial flow to determine flow depth and velocity then compared with 
the full flow capacity of each pipe size with the calculated peak discharge to verify the 
desired factor of safety.  Rain gutter drop inlets (inlet to down pipes) were analyzed as 
orifices. 

 
5.3 Down Pipes 

 
Down pipes will be used to carry flows from diversion berms and/or rain gutters to the 
bottom of final cover slopes.  Down pipes were designed based on the same procedures 
as rain gutters.  Down pipes will be adequately anchored to the landfill side slopes by use 
of a soil cover and each will be outleted either directly to perimeter sediment basins (with 
rip rap apron at outlet) or to energy dissipating structures (precast energy dissipaters, 
drop inlets, stone structures, etc.) at the base of each slope. 
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6.0 SCHEDULE FOR IMPLEMENTATION 
 
All erosion control measures will be placed before any land disturbance or waste placement may 
begin in that portion of the site which drains to the erosion control measures.  Vegetative 
stabilization of disturbed areas will be in accordance with the following requirements: 
 

 Temporary or permanent ground cover (or other acceptable measure(s)) adequate to 
restrain erosion on erodible slopes or other areas will be stabilized within fifteen (15) 
working days or twenty-one (21) calendar days following completion of any phase of 
grading. 

 
7.0 INSPECTION AND MAINTENANCE 
 
All erosion and sedimentation control measures will be inspected at least once every seven 
calendar days and within 24 hours after any storm event of greater than 0.5 inches of rain per 24 
hour period.  A rain gauge will be maintained on the site and a record of the rainfall amounts and 
dates will be kept properly.   
 
During inspections, any stormwater discharges from the site will be observed for stormwater 
discharge characteristics to evaluate the effectiveness of the erosion and sedimentation control 
measures incorporating Best Management Practices (BMPs).  If visible sedimentation is leaving 
the disturbed limits of the site, corrective action will be taken immediately to control the 
discharge of sediments. 
 
Repairs to erosion and sedimentation control measures will be made as needed and accumulated 
sediment removed if necessary.  All sediments which are removed from erosion and 
sedimentation control measures will be disposed of in an approved manner at a location to be 
designated by the Engineer in such a manner that further erosion and sedimentation will not 
occur. 
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EROSION AND SEDIMENTATION CONTROL PLAN 
APPENDIX A:  EROSION AND SEDIMENTATION CONTROL CALCULATIONS 

 
TABLE OF CONTENTS 

 
1.0  Drainage and E&S Control Calculations - Overview 
2.0  Analysis of Design Storms 
3.0  Drainage Areas and Curve Numbers 
4.0  Stormwater Routing (HydroCAD output)* 

 25-Year 24-Hour Storm 
5.0  Drainage Channel Analysis 

 Perimeter Road Drainage Channel 
 DC-A, B, & C 
 Cap Diversion Berms 

6.0  Drop Inlet Analysis 
 DI-34/DI-35 

7.0  Concrete Pipe Strength Analysis 
 C-34A 
 C-34B 
 C-H 

8.0  Rain Gutter & Down Pipe Sizing 
 
 

*The design of culverts is included in the HydroCAD output. 
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SUBJECT  Drainage and E&SC Calculations - Overview
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JOB NO.     DAVDCO-10-5
DATE           3/2/12
COMPUTED BY    PKS
CHECKED BY    LAQ

Objective To design stormwater conveyance, detention, and erosion and sedimentation control measures to
remove and contain stormwater flow from the design storm.  The design of these measures will be
based on:

- Design storm information for the site;
- Peak discharge calculations using the Rational Method and/or USDA-NRCS (SCS)

Methods; and
- Stormwater routing using USDA-NRCS (SCS) or other methods.

References Debo, T.N., and Reese, A.J. (1995), Municipal Storm Water Management, Lewis Publishers,
Boca Raton, FL.

Federal Highway Administration (2001), Urban Drainage Design Manual, Hydraulic Engineering
Circular No. 22, FHWA NHI-01-021, Second Ed., U.S. Dept. of Transportation, Washington,
D.C.

Georgia Soil and Water Conservation Commission (2000), Manual for Erosion and Sediment
Control in Georgia, Fifth Edition, Athens, GA.

HydroCAD Software Solutions, LLC (2006), HydroCAD Stormwater Modeling System Owner’s
Manual - Version 8, Chocorua, NH.

Malcom, H. Rooney (1989 & 2003 Supplement), Elements of Urban Stormwater Design, NC
State Univ., Raleigh, NC.

North Carolina Division of Land Resources (2006), North Carolina Erosion & Sediment Control
Planning & Design Manual, Raleigh, NC.

North Carolina Division of Water Quality (July 2005) Updated Draft Manual of Stormwater Best
Management Practices, (Public Comment Version), Raleigh, NC.

Pennsylvania DEP Bureau of Watershed Protection (2000), Erosion and Sediment Pollution
Control Program Manual.

USDA-NRCS (1992), Computer Program for Project Formulation Hydrology (TR-20).

USDA-NRCS (1986 & 1999 Update), Urban Hydrology for Small Watersheds (TR-55).

Virginia Department of Conservation and Recreation (1992), Virginia Erosion & Sediment
Control Handbook, Third Edition, Richmond, VA.

D&E&SC CALCS OVERVIEW.WPD

RICHARDSON SMITH GARDNER & ASSOCIATES
Engineering and Geological Services
14 N. Boylan Avenue, Raleigh, NC 27603
Telephone: (919) 828-0577
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Analysis The main design criteria will be to ensure that all stormwater conveyance and detention measures
will be able to accommodate the runoff from the design storm.  Drainage channels, culverts, etc.
were designed based on the peak discharge to each measure.  Detention measures were designed
based on stormwater routing methods and/or State/local criteria.

Calculations

- Peak Discharge Calculations:

- USDA-NRCS (SCS) Methods:

Use HydroCAD program to determine the peak discharge to each device or structure.  HydroCAD
is based on the SCS unit hydrograph procedure, which is a principal component of NRCS TR-20. 
Alternatively spreadsheets can be used to determine flow rates using the procedures detailed in
NRCS TR-55.

- Rational Method:

Q = CIA (Malcom Eq. I -1)

where: Q = peak discharge (cfs) 
C = rational runoff coefficient
I = applicable rainfall intensity (in/hr) of storm event (based on time of

concentration)
A = drainage area (acres)

- Time of Concentration:

The time of concentration for use in determining the peak discharge in the NRCS and/or Rational
methods can be determined by the methods detailed in NRCS TR-55 or other methods. 
HydroCAD uses the NRCS methods. 

- Stormwater Routing:

Stormwater routing was accomplished using the HydroCAD program, which is based on USDA-NRCS
(SCS) methods.  Unless otherwise specified, the unit hydrograph method was used.  The storm type (i.e.
Type I 24-hr., Type II 24-hr., etc.) was selected as appropriate for the project location.

RICHARDSON SMITH GARDNER & ASSOCIATES
Engineering and Geological Services
14 N. Boylan Avenue, Raleigh, NC 27603
Telephone: (919) 828-0577
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Objective To compile the expected design storm depths and intensities over various return periods.  These
design storm values will be used in various calculations.

References Rainfall data was obtained from the following references:

Frederick, R.H., V.A. Myers, and E.P. Anciello (1977), “Five to 60-Minute Precipitation
Frequency for the Eastern and Central United States,” NOAA Technical Memo. NWS HYDRO-
35, National Weather Service, NOAA, U.S. Dept. Of Commerce, Silver Spring, MD.

U.S. Weather Bureau (1961), “Rainfall Frequency Atlas of the United States for Durations from
30 Minutes to 24 Hours and Return Periods from 1 to 100 Years,” U.S. Weather Bureau
Technical Paper 40.

DESIGN STORMS.WPD

RICHARDSON SMITH GARDNER & ASSOCIATES
Engineering and Geological Services
14 N. Boylan Avenue, Raleigh, NC 27603
Telephone: (919) 828-0577
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Engineering and Geological Services JOB #:
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Davidson County MSW Landfill
Analysis of Design Storms

LOCATION: 

2-YR P 100-YR P SOURCE
(in) (in)

0.47 0.81
0.90 1.70
1.60 3.40

2 hr to 24 hr Rainfall Events = USER INPUT      

DEPTH-DURATION-FREQUENCY TABLE

2-YR 5-YR 10-YR 25-YR 50-YR 100-YR
(in) (in) (in) (in) (in) (in)

0.47 0.54 0.60 0.68 0.74 0.81
0.72 0.86 0.96 1.11 1.22 1.34
0.90 1.08 1.21 1.40 1.55 1.70
1.24 1.54 1.75 2.06 2.30 2.53
1.60 2.02 2.32 2.74 3.07 3.40
1.93 2.45 2.95 3.30 3.75 4.20
2.20 2.75 3.20 3.65 4.10 4.50
2.60 3.20 3.70 4.30 4.90 5.40
3.05 3.80 4.40 5.05 5.65 6.30
3.55 4.50 5.20 6.00 6.60 7.30

INTENSITY-DURATION-FREQUENCY TABLE

2-YR 5-YR 10-YR 25-YR 50-YR 100-YR
(in/hr) (in/hr) (in/hr) (in/hr) (in/hr) (in/hr)

5.64 6.50 7.16 8.16 8.94 9.72
4.34 5.15 5.75 6.63 7.32 8.01
3.60 4.32 4.84 5.60 6.20 6.80
2.49 3.08 3.51 4.12 4.59 5.07
1.60 2.02 2.32 2.74 3.07 3.40
0.97 1.23 1.48 1.65 1.88 2.10
0.73 0.92 1.07 1.22 1.37 1.50
0.43 0.53 0.62 0.72 0.82 0.90
0.25 0.32 0.37 0.42 0.47 0.53
0.15 0.19 0.22 0.25 0.28 0.30

12 hr
24 hr

DURATION

60 min
2 hr
3 hr
6 hr

5 min
10 min
15 min

RETURN PERIOD

30 min
60 min

2 hr
3 hr

DURATION

5 min

NOAA HYDRO-35

USWB TP-40

6 hr

30 min

12 hr
24 hr

RETURN PERIOD

RETURN PERIOD

DURATION

15 min
5 min

60 min

10 min
15 min

NOAA HYDRO-35
NOAA HYDRO-35

LAQ

2/2
DAVDCO-10-5

3/2/12
PKS

Lexington, NC

Richardson Smith Gardner & Associates, Inc. DESIGN STORMS
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Objective To breakout drainage areas and associated runoff curve numbers for the drainage and erosion
control plan(s).  Drainage areas and runoff curve numbers will be used to determine the design
flow to each stormwater conveyance and/or detention measure.  Drainage areas and runoff curve
numbers are tabulated in HydroCAD.  Areas were measured by AutoCAD on the attached
drawing.

  
DRAIN AREAS & CURVE NUMBERS.WPD

RICHARDSON SMITH GARDNER & ASSOCIATES
Engineering and Geological Services
14 N. Boylan Avenue, Raleigh, NC 27603
Telephone: (919) 828-0577
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SUBJECT  Drainage Channel Analysis
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Objective To design drainage channels, ditches, etc. to handle stormwater flow from the design storm(s). 
The main design criteria will be to ensure that all drainage channels, ditches, etc. will be able to
accommodate the peak discharge from the design storm without overtopping and without
exceeding the allowable shear stress and/or velocity of the selected channel lining.

References Federal Highway Administration (2001), Urban Drainage Design Manual, Hydraulic Engineering
Circular No. 22, FHWA NHI-01-021, Second Ed., U.S. Dept. of Transportation, Washington,
D.C.

North Carolina Division of Land Resources (2006), North Carolina Erosion & Sediment Control
Planning & Design Manual, Raleigh, NC.

Malcom, H. Rooney (1989 & 2003 Supplement), Elements of Urban Stormwater Design, NC
State Univ., Raleigh, NC.

Pennsylvania DEP Bureau of Watershed Protection (2000), Erosion and Sediment Pollution
Control Program Manual.

Analysis The following approach is used in the design of drainage channels:

1. Determine the peak discharge from the design storm(s) (from HydroCAD or spreadsheet
methods).  For permanent linings (Grass, TRM, rip rap, gabions, etc.) use the peak discharge
from the 25-Yr 24-Hr storm unless otherwise specified.  For grass lined channels, a smaller
design storm (2-Yr 24-Hr - unless otherwise specified) is used to evaluate temporary linings.

2. Input other design parameters (bottom width; side slopes; minimum freeboard, min./max.
slopes; and channel lining).

3. Based on the design parameters calculate normal depth of flow, velocity, Froude number, and
maximum shear stress for both max./min. slopes.  Also determine the critical slope and
corresponding normal depth.

4. Compare the velocity and/or shear stress to allowable values (the maximum slope values will
control).  If values are exceeded, revise design parameters as required.

5. Based on normal depth values and required freeboard (generally use the greater of 6 inches or
25% of the flow depth), determine the minimum channel depth and top width for both
max./min. slopes (the minimum slope values will control).

6. If the channel has a significant curved reach, evaluate the shear stress and superelevation of
the water surface in the bend.

DRAINAGE CHANNEL.WPD

RICHARDSON SMITH GARDNER & ASSOCIATES
Engineering and Geological Services
14 N. Boylan Avenue, Raleigh, NC 27603
Telephone: (919) 828-0577
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Calculations

- Manning’s Equation:

(HEC-22 Eq. 5-5)

where: Q = discharge (cfs)
n = Manning’s roughness coefficient (See Below)
A = cross sectional area of flow (ft2)
R = hydraulic radius (ft) = A/P
P = wetted perimeter
S = slope of channel (ft/ft)
V = average channel velocity (ft/sec)

- Maximum Shear Stress (Tractive Force Method):

(HEC-22 Eq. 5-13)

where: τd = maximum shear stress on channel lining (lb/ft2)
γ = unit weight of water (62.4 lb/ft3)
d = maximum depth of flow (ft)
S = channel slope (ft/ft)

- Froude Number:

where: Fr  = Froude number (dimensionless)
v  = flow velocity (ft/sec)
g  = acceleration of gravity  (32.2 ft/sec2)
A = cross-sectional area of flow (ft2)
T  = top width of flow (ft)

Note that A/T = the hydraulic depth (D). For Fr > 1.0, flow is supercritical; Fr < 1.0, flow is
subcritical; Fr = 1.0, flow is critical.

RICHARDSON SMITH GARDNER & ASSOCIATES
Engineering and Geological Services
14 N. Boylan Avenue, Raleigh, NC 27603
Telephone: (919) 828-0577
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Critical Slope:

The critical slope (Sc) is the slope at which Fr = 1.0.  When the slope is between 0.7Sc and 1.3Sc ,
unstable flow may occur as small flow disturbances can initiate a change in the flow state.  If
slopes are within this range, consider additional freeboard.

- Manning’s Roughness Coefficient (n):

Grass:

(HEC-22 Eq. 5-6 - 5-10)

where: R = hydraulic radius (ft)
K = vegetative coefficient (depending on retardance class)

= 15.8 (Class A)
= 23.0 (Class B)
= 30.2 (Class C)
= 34.6 (Class D)
= 37.7 (Class E)

S = slope of channel (ft/ft)

Rip Rap:

(PA DEP Manual Fig. 3)

where: y = depth of flow (ft)
d50 = median size of rip rap (ft)

RICHARDSON SMITH GARDNER & ASSOCIATES
Engineering and Geological Services
14 N. Boylan Avenue, Raleigh, NC 27603
Telephone: (919) 828-0577
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- Curved Channels (Where Applicable):

Shear Stress in Bend:

(HEC-22 Eq. 5-15)

where: τd = bend shear stress (lb/ft2)
Kb = function of Rc/B (use HEC-22 Chart 21)
τd = maximum shear stress on channel lining (lb/ft2)
Rc = radius to the centerline of the channel (ft)
B = bottom width of channel (ft)

Superelevation at Outside of Bend:

(HEC-22 Eq. 5-11 modified)

where: d = superelevation of water surface between the outer channel bank and the
centerline of the channel (avg. water surface before bend) (ft)

V = average channel velocity (ft/sec)
T  = top width of flow (ft)
g  = acceleration of gravity  (32.2 ft/sec2)
Rc = radius to the centerline of the channel (ft)

- Allowable Shear Stress/Velocity:

Grass-Lined Channels:

For grass-lined channels, an allowable velocity approach is applicable for slopes flatter than 10%. 
For slopes of 10% and steeper appropriate permanent linings should be used.  For use in the
evaluation of curved channels, the following allowable shear stress values (lb/ft2) can be assumed
based on retardance class:

Class A: 3.70
Class B: 2.10
Class C: 1.00
Class D: 0.60
Class E: 0.35 

RICHARDSON SMITH GARDNER & ASSOCIATES
Engineering and Geological Services
14 N. Boylan Avenue, Raleigh, NC 27603
Telephone: (919) 828-0577
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Rip Rap-Lined Channels:

For rip rap-lined channels, an allowable velocity approach is applicable for slopes flatter than
10% (see attached table).  For slopes of 10% or steeper, use the following equation:

(HEC-22 Eq. 5-17)

where: τallow = allowable shear stress (lb/ft2)
d50 = median size of rip rap (ft)

Reno Mattress or Gabion-Lined Channels:

For Reno mattress or gabion-lined channels, use allowable velocity for slopes flatter than 10%
and allowable shear stress for slopes of 10% or steeper (see attached table).

Ref:  PA DEP Manual Table 9

Ref:  PA DEP Manual Table 13

RICHARDSON SMITH GARDNER & ASSOCIATES
Engineering and Geological Services
14 N. Boylan Avenue, Raleigh, NC 27603
Telephone: (919) 828-0577
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Drainage Channel Analysis (TRM Lined) Channel No. Perimeter Road Drainage Channel

Design Parameters:

PEAK DISCHARGE, Q25  = 40.8 ft3/s Source: Estimated - 10 Ac. Max. - 25-Yr 5-Min. - Q = CIA = 0.5 x 8.16 x 10 Ac.

Bottom Width, B  = 6.0 ft Turf Reinforcement Matting (TRM) Lining:

Left Side Slope, z 1  = 2.0 horizontal :1 vertical Grass Retardance = D

Right Side Slope, z 2  = 2.0 horizontal :1 vertical K = 34.6

TRM Product Name =

Minimum Freeboard = 0.5 ft  allow  = 5.0 lb/ft2

Maximum Channel Slope, S max  = 0.050 ft/ft

Minimum Channel Slope, S min  = 0.010 ft/ft

Depth of Flow Manning's Area Wetted Hydraulic Top Hydraulic Average Flow Froude Maximum Factor

(Norm. Depth) Roughness of Flow Perimeter Radius Width Depth Velocity Rate Number Shear Stress of Safety

Y n Coefficient A P R=A/P T D=A/T V n Q F r  (Normal)  d  allow /  d

ft n ft2 ft ft ft ft ft/s ft3/s # lb/ft2

Maximum Slope:

0.92 0.047 7.21 10.11 0.71 9.68 0.75 5.64 40.7 1.15 2.9 1.7

Minimum Slope:

1.51 0.052 13.62 12.75 1.07 12.04 1.13 2.99 40.8 0.50 0.9 5.3

Depth of Flow Manning's Area Wetted Hydraulic Top Hydraulic Section Flow Average Froude Uniform-Flow

(Crit. Depth) Roughness of Flow Perimeter Radius Width Depth Factor Rate Velocity Number Critical Slope

Y c Coefficient A P R=A/P T D=A/T Z=AD 1/2 Q V c F r  (Critical) S c

ft n ft2 ft ft ft ft ft2.5 ft3/s ft/s # ft/ft

1.00 0.048 8.00 10.47 0.76 10.00 0.80 7.16 40.6 5.08 1.00 0.038

Minimum Minimum Minimum Minimum

Channel Top Width Channel Top Width

Depth T Depth T

ft ft ft ft

1.42 11.68 2.01 14.04

O.K.

Critical Depth 

Determination of Minimum Channel Depth & Top Width

Maximum Slope

6/8

DAVDCO-10-5
3/22/12

PKS

Normal Depth 

LAQ

Minimum Slope

Comment

Flow is Stable.

Comment

O.K.

Propex - Landlok TRM 435, or equal

ardson Smith Gardner & Associates, Inc. PRDC DRAINAGE CHANNEL



RICHARDSON SMITH GARDNER & ASSOCIATES SHEET:
Engineering and Geological Services JOB #:
14 N. Boylan Avenue Tel:  919-828-0577 DATE:
Raleigh, NC  27603 Fax: 919-828-3899 BY:

CHKD BY:

Davidson County MSW Landfill - Phase 2 - Area 2
Drainage Channel Analysis (Grass Lined) Channel No. DC-A, B, & C

Design Parameters:

PEAK DISCHARGE, Q2  = 28.2 ft3/s Source: Estimated - 10 Ac. Max. - 2-Yr 5-Min. - Q = CIA = 0.5 x 5.64 x 10 Ac.

PEAK DISCHARGE, Q25  = 40.8 ft3/s Source: Estimated - 10 Ac. Max. - 25-Yr 5-Min. - Q = CIA = 0.5 x 8.16 x 10 Ac.

Bottom Width, B  = 10.0 ft Permanent Grass Lining: Temporary Lining:

Left Side Slope, z1  = 3.0 horizontal :1 vertical Grass Retardance = D Temporary Lining Used (Y/N) = Y

Right Side Slope, z2  = 3.0 horizontal :1 vertical K = 34.6 RECP Product Name = NA Green - Curlex I, or equal

V allow = 4.5 ft/sec Manning's Coefficient, n  = 0.035

Minimum Freeboard = 0.5 ft  allow  = 0.60 lb/ft2  allow  = 1.55 lb/ft2

Maximum Channel Slope, S max  = 0.030 ft/ft Bare Ground (If Temporary Liner Not Used):

Minimum Channel Slope, S min  = 0.010 ft/ft Manning's Coefficient, n  = 0.020

V allow = 2.0 ft/sec

Depth of Flow Manning's Area Wetted Hydraulic Top Hydraulic Average Flow Froude Maximum Allowable Factor

(Norm. Depth) Roughness of Flow Perimeter Radius Width Depth Velocity Rate Number Shear Stress Velocity (V) or of Safety

Y n Coefficient A P R=A/P T D=A/T V n Q F r  (Normal)  d Sh. Stress (S) v allow /v n or

ft n ft2 ft ft ft ft ft/s ft3/s # lb/ft2 Used?  allow /  d

Maximum Slope:

0.54 0.035 6.27 13.42 0.47 13.24 0.47 4.44 27.9 1.14 1.0 S 1.5

Minimum Slope:

0.75 0.035 9.19 14.74 0.62 14.50 0.63 3.11 28.5 0.69 0.5 S 3.3

Maximum Slope:

0.85 0.052 10.67 15.38 0.69 15.10 0.71 3.86 41.2 0.81 1.6 V 1.2

Minimum Slope:

1.19 0.056 16.15 17.53 0.92 17.14 0.94 2.53 40.8 0.46 0.7 V 1.8

Depth of Flow Manning's Area Wetted Hydraulic Top Hydraulic Section Flow Average Froude Uniform-Flow

(Crit. Depth) Roughness of Flow Perimeter Radius Width Depth Factor Rate Velocity Number Critical Slope

Y c Coefficient A P R=A/P T D=A/T Z=AD 1/2 Q V c F r  (Critical) S c

ft n ft2 ft ft ft ft ft2.5 ft3/s ft/s # ft/ft

0.59 0.035 6.94 13.73 0.51 13.54 0.51 4.97 28.2 4.06 1.00 0.023

0.74 0.051 9.04 14.68 0.62 14.44 0.63 7.16 40.6 4.49 1.00 0.045

Minimum Minimum Minimum Minimum

Channel Top Width Channel Top Width

Depth T Depth T

ft ft ft ft

1.35 18.10 1.69 20.14

Q25

Q2

O.K.

O.K.

Normal Depth 

Critical Depth 

Q25

Comment

Q2

LAQ

O.K.

O.K.

Maximum Slope Minimum Slope

7/8
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Determination of Minimum Channel Depth & Top Width (Based on Q25)

Comment

Flow is Stable.

Flow is Stable.

rdson Smith Gardner & Associates, Inc. DC-A, B, & C DRAINAGE CHANNEL



RICHARDSON SMITH GARDNER & ASSOCIATES SHEET:
Engineering and Geological Services JOB #:
14 N. Boylan Avenue Tel:  919-828-0577 DATE:
Raleigh, NC  27603 Fax: 919-828-3899 BY:

CHKD BY:

Davidson County MSW Landfill - Phase 2 - Area 2

Drainage Channel Analysis (TRM Lined) Channel No. Cap Diversion Berms

Design Parameters:

PEAK DISCHARGE, Q25  = 8.2 ft3/s Source: Estimated - 2 Ac. Max. - 25-Yr 5-Min. - Q = CIA = 0.5 x 8.16 x 2 Ac.

Bottom Width, B  = 0.0 ft Turf Reinforcement Matting (TRM) Lining:

Left Side Slope, z 1  = 2.0 horizontal :1 vertical Grass Retardance = D

Right Side Slope, z 2  = 12.0 horizontal :1 vertical K = 34.6

TRM Product Name =

Minimum Freeboard = 0.5 ft  allow  = 5.0 lb/ft2

Maximum Channel Slope, S max  = 0.030 ft/ft

Minimum Channel Slope, S min  = 0.005 ft/ft

Depth of Flow Manning's Area Wetted Hydraulic Top Hydraulic Average Flow Froude Maximum Factor

(Norm. Depth) Roughness of Flow Perimeter Radius Width Depth Velocity Rate Number Shear Stress of Safety

Y n Coefficient A P R=A/P T D=A/T V n Q F r  (Normal)  d  allow /  d

ft n ft2 ft ft ft ft ft/s ft3/s # lb/ft2

Maximum Slope:

0.81 0.077 4.59 11.56 0.40 11.34 0.41 1.81 8.3 0.50 1.5 3.3

Minimum Slope:

1.21 0.093 10.25 17.28 0.59 16.94 0.60 0.80 8.2 0.18 0.4 13.2

Depth of Flow Manning's Area Wetted Hydraulic Top Hydraulic Section Flow Average Froude Uniform-Flow

(Crit. Depth) Roughness of Flow Perimeter Radius Width Depth Factor Rate Velocity Number Critical Slope

Y c Coefficient A P R=A/P T D=A/T Z=AD 1/2 Q V c F r  (Critical) S c

ft n ft2 ft ft ft ft ft2.5 ft3/s ft/s # ft/ft

0.61 0.069 2.60 8.71 0.30 8.54 0.31 1.44 8.2 3.13 1.00 0.104

Minimum Minimum Minimum Minimum

Channel Top Width Channel Top Width

Depth T Depth T

ft ft ft ft

1.31 18.34 1.71 23.94

Minimum Slope

Comment

Flow is Stable.

Comment

O.K.

Propex - Landlok TRM 435, or equal

8/8
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Normal Depth 

LAQ

O.K.

Critical Depth 

Determination of Minimum Channel Depth & Top Width

Maximum Slope

ardson Smith Gardner & Associates, Inc. Cap Diversion Berms DRAINAGE CHANNEL



PROJECT  Davidson County MSWLF - Phase 2 - Area 2

SUBJECT  Drop Inlet Analysis

SHEET      1      OF     2
JOB NO.    DAVDCO-10-5
DATE           3/2/12
COMPUTED BY    PKS
CHECKED BY    LAQ

Objective To design drop inlets to handle stormwater flow from the design storm(s).  The main design
criteria will be to ensure that all drop inlets will be able to accommodate the peak rate of run off
from the design storm without exceeding the allowable headwater depth.

Reference Malcom, H. Rooney (1989 & 2003 Supplement), Elements of Urban Stormwater Design, NC
State Univ., Raleigh, NC.

Analysis The following approach is used in the design of drop Inlets:

1. Determine the peak discharge from the design storm(s) (from HydroCAD or spreadsheet
methods).  Use the peak discharge from the 25-Yr 24-Hr storm unless otherwise specified.

2. As appropriate, analyze the inlet structure as a weir-type inlet and/or grated inlet.

3. Analyze the outlet structure separately by evaluating its behavior as a culvert.

Calculations

- Weir-Type Inlet Y Use the Weir Equation:

(Malcom Eq. I-6)

where: Q = peak discharge (cfs)
Cw = weir coefficient (=3.0 for free overfall)
L = length of weir (ft)
H = driving head (ft)  (= allowable headwater above crest of weir)

- Grated Inlet Y Use the Orifice Equation:

(Malcom Eq. I-7)

where:  Q = peak discharge (cfs)
Cd = coefficient of discharge (0.6 = typical value)
A = cross-sectional area of flow at orifice entrance (ft2)
g = acceleration of gravity (32.2 ft/sec2)
h = driving head (ft) (= allowable headwater above grate)

DROP INLET.WPD

RICHARDSON SMITH GARDNER & ASSOCIATES
Engineering and Geological Services
14 N. Boylan Avenue, Raleigh, NC 27603
Telephone: (919) 828-0577
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RICHARDSON SMITH GARDNER & ASSOCIATES SHEET:
Engineering and Geological Services JOB #:
14 N. Boylan Avenue Tel:  919-828-0577 DATE:
Raleigh, NC  27603 Fax: 919-828-3899 BY:

CHKD BY:

Davidson County MSW Landfill - Phase 2 - Area 2
Drop Inlet Analysis Drop Inlet No.: DI-33 & 34

Peak Discharge:

PEAK DISCHARGE, Q25  (cfs) = 40.8 Source:

Drop Inlet Parameters:

Weir Coefficient = 3.0
Coefficient of Discharge (Orifice) = 0.6

Allowable Driving Head (ft) = 1.0

Weir-Type Inlet:

L (ft) = 16
Q (cfs) = 48.0 (> Max. Flow - OK)

Estimated Worst Case = 10 Ac. Of Int. Cover 
Q=CIA = 0.5 x 8.16 in/hr x 10 Ac.

LAQ

2/2
DAVDCO-10-5

3/2/12
PKS

Richardson Smith Gardner & Associates, Inc. DI-33 & 34 DROP INLET
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SUBJECT  Concrete Pipe Strength Analysis

SHEET    1       OF        4 
JOB NO.    DAVDCO-10-5
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COMPUTED BY   PKS
CHECKED BY  LAQ

Objective To determine the loads acting on each concrete pipe and evaluate the required pipe strength. 
Select the appropriate class of pipe to satisfy the strength requirement.

Reference American Concrete Pipe Association (1992), Concrete Pipe Design Manual, ACPA, Vienna, VA.

American Concrete Pipe Association (1994), “Design Data 40 - Standard Installations and
Bedding Factors for the Indirect Design Method”, ACPA, Vienna, VA.

American Society for Testing and Materials, “ASTM C 76 - Standard Specification for
Reinforced Concrete Culvert, Storm Drain, & Sewer Pipe”, ASTM, Philadelphia.

Analysis The analysis is based on the following procedure recommended by the American Concrete Pipe
Association (ACPA).  Note that the design parameters will vary depending on the type of
installation (embankment or trench).

1. Determination of Earth Load, WE:

Based on the assumed concrete pipe parameters (size, backfill, etc.) use the tables and figures
in the Concrete Pipe Design Manual to determine the earth load acting on the pipe.  Note that
the values determined in the tables and figures are based on a backfill unit weight of 100
lbs/ft3.  This value must be adjusted for the anticipated backfill unit weight.  Also, for non-
trench installations, values for projection ratio, p (vertical distance between the top of the
pipe and natural ground divided by the outside vertical height of the pipe), and settlement
ratio, rsd, must be determined in order to use the figures.  Table 43 of the Concrete Pipe
Design Manual gives suggested values for rsd based on the known or assumed value of p.

2. Determination of Live Load, WL:

Based on the concrete pipe parameters (size, backfill, etc.) use the tables in the Concrete Pipe
Design Manual to determine the live load acting on the pipe.  Note that the values for backfill
heights of 10 feet or more and considered insignificant to the design of the pipe.

3. Selection of Standard Installation:

Select the Standard Installation based on the guidance given in Design Data 40.  Note that a
Type 1 Standard Installation requires the highest construction quality and degree of
inspection while a Type 4 Standard Installation requires virtually no construction quality or
inspection.

CONCRETE PIPE.WPD         

RICHARDSON SMITH GARDNER & ASSOCIATES
Engineering and Geological Services
14 N. Boylan Avenue, Raleigh, NC 27603
Telephone: (919) 828-0577
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SUBJECT  Concrete Pipe Strength Analysis
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COMPUTED BY   PKS
CHECKED BY  LAQ

4. Determination of Bedding Factors:

Determine the bedding factors based on the guidance given in Design Data 40.  For
embankment installations, the bedding factor, Bfe, is found from Table 4 of Design Data 40
depending on the selected Standard Installation.  For trench installations the bedding factor is
based on the following equation:

(Design Data 40 Eqn. 5)

where: Bfv = variable bedding factor, trench
Bfe = bedding factor, embankment (Design Data 40 Table 4)
Bfo = minimum bedding factor, trench (Design Data 40 Table 6)
Bd = trench width at top of pipe (ft)
Bc = outside horizontal span of pipe (ft)
Bdt = transition width at top of pipe (ft) (given in Concrete Pipe Design

Manual tables for earth load).

Use Table 7A of Design Data 40 to determine the live load bedding factor, BfLL. 

5. Application of Factor of Safety, FS:

According to the ACPA, a factor of safety of 1.0 should be applied if the 0.01-inch crack
strength is used as the design criterion rather than the ultimate strength. 

6. Selection of Pipe Strength/Class:

The required three-edge bearing strength of circular reinforced concrete pipe is expressed as
Dload in the following equation:

(Design Data 40 Eqn. 6)

where: WE = earth load on pipe (lbs/linear ft)
WL = live load on pipe (lbs/linear ft)
BF = bedding factor 

= Bfe for embankment installations
= Bfv for trench installations

BfLL = live load bedding factor
FS = factor of safety
D = pipe diameter (ft)

RICHARDSON SMITH GARDNER & ASSOCIATES
Engineering and Geological Services
14 N. Boylan Avenue, Raleigh, NC 27603
Telephone: (919) 828-0577
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SUBJECT  Concrete Pipe Strength Analysis
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COMPUTED BY   PKS
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Note that if BfLL is greater than Bfe for embankment installations or Bfv for trench installations,
use Bfe or Bfv in place of BfLL.

Select class of reinforced concrete pipe based on the following ASTM C-76 guidelines:

  Maximum D-Load
 For 0.01-inch Crack

     Pipe Class (lbs/lf/ft of diameter)

I    800
      II 1,000
       III 1,350
       IV 2,000
       V 3,000

RICHARDSON SMITH GARDNER & ASSOCIATES
Engineering and Geological Services
14 N. Boylan Avenue, Raleigh, NC 27603
Telephone: (919) 828-0577



RICHARDSON SMITH GARDNER & ASSOCIATES SHEET:
Engineering and Geological Services JOB #:

14 N. Boylan Avenue Tel:  919-828-0577 DATE:

Raleigh, NC  27603 Fax: 919-828-3899 BY:

CHKD BY:

Davidson County MSW Landfill - Phase 2 - Area 2
Concrete Pipe Strength Analysis Culvert No.: C-34A, 34B, H
(Trench Installation)

Concrete Pipe Parameters:

Type of Pipe = Circular, Concrete
Pipe Diameter, D  (in) = 30

Outside Horzontal Span, Bc  (ft) = 3.08 (From Concrete Pipe Design Manual Table 45)
Height of Backfill, H  (ft) = 20 (Worst Case - C-H)

Backfill Type = Clay

Backfill Unit Wt. (lbs/ft3) = 120
Standard Installation = Type 1 (Very Conservative)

Trench Width, Bd  (ft) = 7

Determine Earth Load:

WE  (lbs/LF) (@ 100 pcf) = 9,179 (From Concrete Pipe Design Manual - Table 22C)
WE (lbs/LF) (Adjusted) = 11,015

Determine Live Load:

WL (lbs/LF) = 0 (From Concrete Pipe Design Manual Table 45)

Determine Bedding Factors:

Embankment Bedding Factor, Bfe = 4.3 (From ACPA Design Data 40 Table 4)
Transition Width, Bdt (ft) = 6.7 (From Concrete Pipe Design Manual - Table 22C)

Min. Trench Bedding Factor, Bfo = 2.3 (From ACPA Design Data 40 Table 6)
Variable Trench Bedding Factor, Bfv = 4.5

Live Load Bedding Factor, Bfll = 2.2 (From ACPA Design Data 40 Table 7A)

Factor of Safety:

Factor of Safety, FS = 1 (Use 1.0 for Reinforced; 1.25 to 1.5 for Non-Reinforced)

Selection of Required Pipe Strength/Class:

D-Load (lbs/LF/ft) = 987

Pipe Class Max. D-Load

I 800  
II 1,000 Use Class II RCP
III 1,350  
IV 2,000  CLASS III - OK
V 3,000  

 (Table per ASTM C 76)

4/4
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LAQ
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Objective To design rain gutters and down pipes to handle the peak discharge from the design storm.

Reference Debo, T.N., and Reese, A.J. (1995), Municipal Storm Water Management, Lewis Publishers,
Boca Raton, FL.

Malcom, H. Rooney (1989 & 2003 Supplement), Elements of Urban Stormwater Design, NC
State Univ., Raleigh, NC.

Analysis The following approach is used in the design of rain gutters and down pipes:

1. Determine the peak discharge from the design storm(s).  Use the Rational Method.

2. For each pipe size, determine the maximum area (A), to handle the predicted peak discharge
(Q) with an added factor of safety.  Analyze rain gutters and down pipes based on partial flow
to determine flow depth and velocity then compare the full flow capacity of each pipe size
with the calculated peak flow rate to verify the desired factor of safety.  Analyze rain gutter
drop inlets (inlet to down pipes) as orifices.

3. Analyze rain gutter pipe perforations as orifice flow to ensure adequate flow capacity into
rain gutters.

Calculations

- Rain Gutters & Down Pipes:

Determine Flow Capacity of Pipe:

(D&R Equation 8.24)     

where:  Qmax  = flow capacity of pipe (cfs)
D = inside diameter of pipe (ft)
S = pipe slope (ft/ft)
n =  Manning’s roughness coefficient

FCS RAIN GUTTERS & DPIPES.WPD

RICHARDSON SMITH GARDNER & ASSOCIATES
Engineering and Geological Services
14 N. Boylan Avenue, Raleigh, NC 27603
Telephone: (919) 828-0577
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SUBJECT  Rain Gutters & Down Pipe Sizing
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Determine Factor of Safety (FS):

Iterate the drainage area (A) to each drainage structure such that Qmax/Q > the desired factor of
safety.

Determine Flow Depth:

(D&R Equation 8.29)

where: h = flow depth (inches)
θ = central angle

(D&R Equation 8.28)     

K = constant

(D&R Equation 8.27)

Determine Flow Velocity:

 
(D&R Equation 8.30 for “A”)     

where: V = flow velocity (ft/sec)
A = cross-sectional area of flow (ft3)

RICHARDSON SMITH GARDNER & ASSOCIATES
Engineering and Geological Services
14 N. Boylan Avenue, Raleigh, NC 27603
Telephone: (919) 828-0577
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SUBJECT  Rain Gutters & Down Pipe Sizing
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- Down Pipe Drop Inlets and Rain Gutter Pipe Perforations:

Determine Qmax:

(Malcom Equation I-7)     

where: Cd  = coefficient of discharge
A = cross-sectional area of flow (ft3)
g = acceleration of gravity (32.2 ft/sec2)
h  = driving head - centroid of orifice to water surface (ft)

Determine Factor of Safety (FS):

Iterate the drainage area (A) to each drainage structure such that Qmax/Q > the desired factor of
safety.

RICHARDSON SMITH GARDNER & ASSOCIATES
Engineering and Geological Services
14 N. Boylan Avenue, Raleigh, NC 27603
Telephone: (919) 828-0577
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RICHARDSON SMITH GARDNER & ASSOCIATES SHEET:
Engineering and Geological Services JOB #:
14 N. Boylan Avenue Tel:  919-828-0577 DATE:
Raleigh, NC  27603 Fax: 919-828-3899 BY:

CHKD BY:

Davidson County MSW Landfill - Phase 2
Rain Gutters & Down Pipe Sizing

Input Parameters:

Manning's Rougness Coefficient = 0.009 --> HDPE Pipe

Runoff Coefficient = 0.5

Rainfall Intensity = 8.16 IN/HR ---> 25 YR - 5 MIN STORM

Allowable Head (Down Pipe Drop Inlets) = 24 INCHES

Orifice Coef. Of Discharge (Down Pipe Drop Inlets) = 0.6 TYPICAL

Hole Diameter (Rain Gutter Pipe Bottom Perforations) = 0.5 INCHES

Allowable Head (Rain Gutter Pipe Bottom Perforations) = 12 INCHES

Orifice Coef. Of Discharge (Rain Gutter Pipe Perforations) = 0.6 TYPICAL

ID Drainage Area
Runoff Volume 

(Q)
Pipe I.D.  (DR 

21) Pipe Slope
Flow Capacity 

(Qmax)
Factor of 

Safety K  Flow Depth Flow Area Flow Velocity

(AC) (CFS) (IN) (%) (CFS) (>/= 1.10) (CONSTANT) (< 265O) (IN) (SF) (FPS)

Max. Area - 6" 0.31 1.26 6.0 3 1.40 1.11 0.281 234 4.37 0.15 8.25

Max. Area - 8" 0.62 2.53 7.8 3 2.82 1.12 0.279 233 5.65 0.26 9.82

Max. Area - 10" 1.12 4.57 9.7 3 5.05 1.11 0.282 235 7.09 0.40 11.38

Max. Area - 12" 1.77 7.22 11.5 3 7.95 1.10 0.283 235 8.43 0.57 12.75

ID Drainage Area
Runoff Volume 

(Q)
Pipe I.D.  (DR 

21)
X-Sectional 

Area
Flow Capacity 

(Qmax)
Factor of 

Safety

(AC) (CFS) (IN) (SF) (CFS) (>/= 1.10)

Max. Area - 8" 0.50 2.04 7.8 0.33 2.26 1.11

Max. Area - 10" 0.77 3.14 9.7 0.51 3.49 1.11

Max. Area - 12" 1.09 4.45 11.5 0.72 4.91 1.10

Max. Area - 14" 1.33 5.43 12.7 0.88 5.99 1.10

Max. Area - 16" 1.73 7.06 14.5 1.15 7.81 1.11

Max. Area - 18" 2.19 8.94 16.3 1.45 9.87 1.10

ID Drainage Area
Runoff Volume 

(Q)
Pipe I.D.  (DR 

21) Pipe Slope
Flow Capacity 

(Qmax)
Factor of 

Safety K  Flow Depth Flow Area Flow Velocity

(AC) (CFS) (IN) (%) (CFS) (>/= 1.10) (CONSTANT) (< 265O) (IN) (SF) (FPS)

Max. Area - 8" 0.96 3.92 7.8 7 4.32 1.10 0.283 235 5.71 0.26 15.03

Max. Area - 10" 1.71 6.98 9.7 7 7.72 1.11 0.282 235 7.08 0.40 17.37

Max. Area - 12" 2.70 11.02 11.5 7 12.15 1.10 0.283 235 8.42 0.57 19.47

Max. Area - 14" 3.52 14.36 12.7 7 15.83 1.10 0.283 235 9.30 0.69 20.80

Max. Area - 16" 5.02 20.48 14.5 7 22.55 1.10 0.283 236 10.63 0.90 22.73

Max. Area - 18" 6.85 27.95 16.3 7 30.80 1.10 0.283 235 11.94 1.14 24.57

ID
Max. Drainage 

Length
Runoff 

Volume/LF Pipe No. Holes/LF
X-Sectional 

Area
Flow Capacity 

(Qmax)
Factor of 

Safety

(LF) (CFS) (SF/Hole) (CFS/LF) (>/= 1.10)

2 Bottom Perfs. @ 
4" O.C. 300 0.028 6 0.001 0.039 1.40

Dimension Ratio (DR) of Pipe = 21

Nominal Pipe Size Pipe O.D.
Min. Wall 
Thickness Pipe I.D.

(IN) (IN) (IN) (IN)

6 6.625 0.315 6.0

8 8.625 0.411 7.8

10 10.75 0.512 9.7

12 12.75 0.607 11.5

14 14 0.667 12.7

16 16 0.762 14.5

18 18 0.857 16.3

24 24 1.143 21.7

Down Pipes

Down Pipe Drop Inlets

Pipe Dimensions

Rain Gutter Pipe Perforations

Note:  Conservatively Neglects Upper Holes.

LAQ
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Rain Gutters

Richardson Smith Gardner & Associates, Inc. FCS RAIN GUTTERS & DPIPES
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