
 

Facility and Engineering Plan 
 
 
 

Johnston County C&D Landfill - Area 2 
Smithfield, North Carolina 
 
 
 
 
 
 
 
 
Prepared for: 
 

Johnston County Department of Solid Waste Services 
Smithfield, North Carolina 
 
 
 
 
 
 
 
 
 
 
 
 

December 2013 
 
 
 
 
 
 

 
 

 
 

© 2013 Smith Gardner, Inc. 
This document is intended for the sole use of the client for which it was prepared and 

for the purpose agreed upon by the client and Smith Gardner, Inc. 

  



 
Johnston County C&D Landfill - Area 2  Facility and Engineering Plan 
December 2013  Table of Contents  Page i 

Johnston County C&D Landfill - Area 2 
Smithfield, North Carolina 

 
Facility and Engineering Plan 

 
Table of Contents 

Page 
 
1.0  INTRODUCTION ......................................................................................................... 1 

1.1  Site Description ......................................................................................................... 2 
1.2  Site Development History .......................................................................................... 2 

2.0  FACILITY REPORT ...................................................................................................... 5 
2.1  Facility Services and Waste Stream ......................................................................... 5 

2.1.1  Facility Services ............................................................................................ 5 
2.1.2  Types of Waste .............................................................................................. 5 
2.1.3  Disposal Rates and Estimated Variances ..................................................... 5 
2.1.4  Service Area .................................................................................................. 6 
2.1.5  Procedures for Waste Segregation .............................................................. 6 
2.1.6  Equipment Requirements ............................................................................. 7 

2.2  Landfill Capacity ........................................................................................................ 7 
2.2.1  Total Operating Capacity and Life Expectancy ............................................. 7 
2.2.2  In-Place Ratio of Waste to Soil and Compaction Factor .............................. 7 

2.2.2.1  MSW Landfill Units ......................................................................... 7 
2.2.2.2  C&D Landfill Unit ............................................................................ 8 

2.3  Available Soil Resources and Required Soil Quantities ........................................... 8 
2.3.1  Earthwork Quantities .................................................................................... 8 
2.3.2  Soil Liner ....................................................................................................... 8 
2.3.3  Leachate Collection System (LCS) and Protective Cover ............................ 8 
2.3.4  Daily and Intermediate Cover ....................................................................... 8 
2.3.5  Vegetative Soil Layer ..................................................................................... 9 
2.3.6  Soil Summary ................................................................................................ 9 

2.4  Facility Design Criteria .............................................................................................. 9 
2.4.1  Horizontal Separation Requirements ........................................................... 9 
2.4.2  Vertical Separation Requirements ............................................................... 9 

2.5  Containment and Environmental Control Systems .................................................. 9 
2.5.1  Landfill Subgrade and Perimeter Berms ................................................... 10 
2.5.2  Liner and Leachate Collection Systems ..................................................... 10 
2.5.3  Stormwater/Leachate Separation System ................................................. 11 
2.5.4  Final Cover System ..................................................................................... 11 
2.5.5  Erosion and Sedimentation Control ........................................................... 12 
2.5.6  Landfill Gas Control .................................................................................... 12 
2.5.7  Access and Roadways ................................................................................. 12 

2.6  Slope Stability, Settlement, and Bearing Capacity ................................................. 12 
2.7  Leachate Management ............................................................................................ 13 



 
Johnston County C&D Landfill - Area 2  Facility and Engineering Plan 
December 2013  Table of Contents  Page ii 

2.8  Special Engineering Features ................................................................................. 13 
3.0  LINER SYSTEM DESIGN ........................................................................................... 19 

3.1  Liner System Components ...................................................................................... 19 
3.1.1  Geomembrane ............................................................................................. 19 
3.1.2  Geosynthetic Clay Liner (GCL) .................................................................... 20 
3.1.3  Soil Liner ..................................................................................................... 20 

3.2  Liner System Design ............................................................................................... 20 
3.2.1  Slope Stability .............................................................................................. 20 
3.2.2  Settlement ................................................................................................... 21 
3.2.3  Bearing Capacity ......................................................................................... 21 
3.2.4  Anchor Trench Design ................................................................................ 22 
3.2.5  Protection of Geomembrane ...................................................................... 22 

3.3  Anticipated Stresses ............................................................................................... 22 
3.3.1  Installation Stresses ................................................................................... 22 
3.3.2  Operational Stresses .................................................................................. 23 
3.3.3  Long-Term Stresses ................................................................................... 23 

4.0  LEACHATE MANAGEMENT SYSTEM DESIGN ........................................................... 25 
4.1  Leachate Collection System (LCS) Components .................................................... 25 

4.1.1  Drainage Aggregate .................................................................................... 25 
4.1.2  Drainage Geocomposite .............................................................................. 26 
4.1.3  Separator (Type GT-S) Geotextile ............................................................... 26 
4.1.4  Collection Piping ......................................................................................... 26 
4.1.5  Leachate Sump............................................................................................ 27 
4.1.6  Geosynthetic Rain Cover (GRC) ................................................................... 27 

4.2  Leachate Transmission and Storage System Components ................................... 27 
4.2.1  Pumps .......................................................................................................... 27 
4.2.2  Transmission Piping ................................................................................... 27 
4.2.3  Storage Lagoon/Wastewater Equalization Basin ....................................... 28 

4.3  Leachate Management System Design .................................................................. 28 
4.3.1  LCS Pipe Spacing Analysis .......................................................................... 28 
4.3.2  LCS Pipe Sizing ........................................................................................... 29 
4.3.3  LCS Pipe Perforation Analysis .................................................................... 29 
4.3.4  Leachate Pipe Mechanical Properties ........................................................ 29 

4.3.4.3  Static Load Requirement .............................................................. 29 
4.3.4.4  Equipment Loading (Dynamic Load Requirement) ..................... 30 

4.3.5  Filter Geotextile Analysis ............................................................................ 30 
4.3.6  Leachate Pump Calculations ...................................................................... 31 

4.4  Leachate Pretreatment ........................................................................................... 31 
4.5  Leachate Generation ............................................................................................... 31 

5.0  FINAL COVER SYSTEM DESIGN ............................................................................... 33 
5.1  Final Cover System Components ............................................................................ 33 

5.1.1  Vegetative Soil Layer ................................................................................... 33 
5.1.2  Drainage Geocomposite .............................................................................. 33 
5.1.3  Geomembrane ............................................................................................. 34 
5.1.4  Intermediate Cover ..................................................................................... 34 
5.1.5  Landfill Gas (LFG) Control System ............................................................. 34 



 
Johnston County C&D Landfill - Area 2  Facility and Engineering Plan 
December 2013  Table of Contents  Page iii 

5.1.6  Surface Water Control Devices ................................................................... 34 
5.2  Final Cover System Design ..................................................................................... 35 

5.2.1  Slope Stability .............................................................................................. 35 
5.2.2  Drainage Layer Analysis ............................................................................. 35 
5.2.3  Rain Gutters and Down Pipes ..................................................................... 36 

5.3  Anticipated Stresses ............................................................................................... 36 
 
 
TABLES 

Table 2.1  Total Operating Capacity and Life Expectancy - MSWLF Units ................. 14 
Table 2.2  Total Operating Capacity and Life Expectancy - C&DLF Units .................. 15 
Table 2.3  General Earthwork Quantities .................................................................... 15 
Table 2.4  Soil Liner Quantities .................................................................................... 16 
Table 2.5  Leachate Collection System/Protective Cover Quantities ......................... 16 
Table 2.6  Daily and Intermediate Cover Quantities ................................................... 17 
Table 2.7  Vegetative Soil Layer Quantities ................................................................. 17 
Table 2.8  Soil Summary .............................................................................................. 18 

 
APPENDIX 
 Appendix A  Landfill Design Calculations 
 
  



 
Johnston County C&D Landfill - Area 2  Facility and Engineering Plan 
December 2013  1.o  Introduction  Page 1 

1.0 INTRODUCTION 

The Johnston County Landfill facility is located on County Home Road off NC Highway 210 near 
Smithfield, North Carolina and is owned and operated by Johnston County (County) under NC 
Solid Waste Permit 51-03.  The landfill facility includes an active 29.4 acre Subtitle D municipal 
solid waste (MSW) landfill (Phase 4A - Cells 1 - 3) and an active construction and demolition 
debris (C&D) landfill (Area 2 - Cell 1).  The facility includes a scale and scale house facility, an 
office building, a maintenance building, a citizen’s convenience center, and a yard waste 
processing area.  The facility also has one (1) inactive MSW landfill unit (Phase 5 (lined)), three 
(3) closed MSW landfill units (Phases 1 and 2, Phase 3, and Phase 4 (each is unlined)), and one 
(1) closed C&D landfill unit (Area 1 (vertical expansion of Phase 4 MSW landfill unit)) which are 
maintained by the County. 
 
Based on current projections, the active MSW landfill unit (Phase 4A - Cells 1 - 3) is expected to 
remain in operation until at least 2020.  Likewise, the active C&D landfill unit (Area 2 - Cell 1) is 
expected to remain in operation until at least early 2015.  As these units approach their capacity, 
the County will need to develop the subsequent disposal units.  For the C&D landfill, it is the 
intent of Johnston County to proceed with the construction of Cell 2 in mid to late 2014 or early 
2015. 
 
The purpose of this Facility and Engineering Plan is to present the plans for the development of 
the landfill facility and the detailed design of the Area 2 C&D landfill unit.  The design 
information for Area 2 updates the information contained in the following previously approved 
document: 
 

Facility and Engineering Plan 
Johnston County C&D Landfill - Area 2 
Prepared by G.N. Richardson & Associates, Inc. 
As Revised Through May 2006. 

 
Additionally, the Facility Report (Section 2) has been updated from the version previously 
approved in 2009 which was contained in the following approved document: 
 

Facility and Engineering Plan 
Johnston County MSW Landfill - Phase 4A - Cell 3 
Prepared by Richardson Smith Gardner & Associates, Inc. 
As Revised Through December 2008. 

 
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 Johnston County Landfill facility including the planned 
future MSW and C&D landfill units.  Sections 3 through 5 of this report focus on the detailed 
design of geosynthetics, the leachate management system, and the final cover system of the 
Area 2 C&D unit, respectively. 
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1.1 Site Description 

Existing and proposed landfill units are located within the previously approved facility 
boundary, which consisted of approximately 500 acres.  An expansion of the facility 
boundary is proposed as part of this application to include additional County-owned 
property.  The expanded facility boundary consists of approximately 529 acres.  The 
landfill facility is generally bounded to the north and west by Middle Creek and on the 
east and west by unnamed tributaries of Middle Creek.  Adjacent properties include 
property owned by the County (including the site’s active borrow area (Borrow Area E) 
located to the east of the facility boundary and a borrow area owned by the NC 
Department of Transportation (NC DOT) located to the southeast of the facility boundary.  
The topographic relief of the site is approximately 160 feet, ranging from elevation 120 
feet along Middle Creek to elevation 280 feet on top of the closed Area 1 C&D landfill 
unit.  Existing conditions are shown on Figure 1 of Attachment A of this Permit 
Application.  Access to the facility is from County Home Road. 
 
The Area 2 C&D landfill unit will occupy approximately 15.8 acres (lined) including 
existing Cell 1 (11.9 acres) and yet to be constructed Cell 2 (3.9 acres).  As described in 
Section 2.0 (Facility Report), Area 2 (including the yet to be constructed Cell 2) is 
anticipated to have approximately 6.6 to 13.2 years of remaining capacity (from June 14, 
2013) assuming annual disposal rates of 40,000 and 20,000 tons, respectively. 
 
Additionally, Area 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. 
 
1.2 Site Development History 

MSW Landfill Units 
 
The Johnston County Landfill facility has three (3) existing unlined municipal solid waste 
(MSW) landfill units (Phases 1 & 2, 3, and 4).  Operations in Phase 1 were initiated in 
1973.  The subsequent Phase 2 expansion was permitted in September 1974.  Operations 
in subsequent Phases 3 and 4 began in approximately 1979 and 1984, respectively.  NC 
Solid Waste Permit 51-01 was issued for the site in March 1984.  The County ceased 
disposal in Phases 1 & 2 as well as a majority of Phase 4 prior to October 9, 1993 and 
these units were covered with 2 feet of soil cover in accordance with the then current 
regulations.  The Phase 3 landfill unit and southern portion of the Phase 4 landfill unit 
were operated until the end of 1997. 
 
Closure of Phases 3 and 4 as well as an enhancement of the closure of the top portion of 
Phases 1 & 2 was completed in 1999.  The Phase 3 closure included a 24-inch thick soil 
cover over side slopes and a geosynthetic clay liner (GCL) and drainage composite 
overlain by 18-inches of soil cover on the top ridge of the unit.  The south end of Phase 4 
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and the top of Phases 1 and 2 were closed with a 12-mil scrim reinforced geomembrane 
overlain by 18-inches of soil cover. 
 
Phase 5 was the initial lined Subtitle D landfill unit developed at the site and was 
permitted under NC Permit 51-02.  Construction of Phase 5 was completed in 1997 and 
operations began in October 1997.  The liner system for Phase 5 includes the following 
components (listed top-down): 
 

 a leachate collection system (LCS); 
 a 60 mil HDPE geomembrane liner (textured on side slopes; smooth on base 

slopes); and 
 a 24-inch thick soil liner (k < 1 x 10-7 cm/sec). 

 
The currently active Phase 4A landfill unit was permitted in 2001 and is a double lined 
piggyback landfill unit between the Phase 3 and Phase 4 landfill units.  At the time of 
permitting the Phase 4A landfill unit, the previous site solid waste permits (51-01 and 
51-02) were combined as one permit (51-03).  Construction of Cell 1 was completed in 
late 2002 and operations began in early 2003.  Cells 2 and 3 were constructed in 2004 
and 2008, respectively.  The liner system for Phase 4A includes the following 
components (listed top-down): 
 

 a leachate collection system (LCS); 
 a 60-mil textured HDPE geomembrane liner; 
 a geosynthetic clay liner (GCL); 
 a leak detection system (LDS) (drainage geocomposite); and 
 a 40-mil thick textured LLDPE geomembrane liner. 
 

Additionally, on the base slopes of Cell 1, the above listed components were placed over 
a 12-inch thick soil liner (k < 1 x 10-7 cm/sec). 
 
Construction and Demolition Debris (C&D) Landfill Units 
 
The Johnston County Landfill facility has two (2) existing construction and demolition 
debris (C&D) landfill units (Areas 1 and 2).  Prior to 1999, construction and demolition 
debris (C&D) waste was co-disposed with MSW.  The unlined Area 1 landfill unit was 
permitted in 1999 and is a vertical expansion over the closed Phase 4 MSW landfill unit.  
Modifications of Area 1 were permitted in 2002 and 2006 which expanded the original 
footprint.  Closure of the Area 1 C&D landfill unit was completed in 2011 and the final 
cover consists of the following components (listed top-down): 
 

 a 24-inch thick vegetative soil layer; 
 a drainage geocomposite; 
 a 30-mil textured LLDPE geomembrane; and 
 intermediate (soil) cover. 
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The lined Area 2 landfill unit was permitted in 2006 and the construction of Cell 1 was 
completed in 2007.  Cell 1 is currently active.  The liner system for Area 1 - Cell 1 
includes the following components (listed top-down): 
 

 a leachate collection system (LCS); 
 a 40-mil textured LLDPE geomembrane liner; and 
 a 12-inch thick soil liner (k < 1 x 10-5 cm/sec). 
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2.0 FACILITY REPORT 

This section presents an updated plan for the development of the Johnston County Landfill 
facility.  This report has been prepared in accordance with the requirements of Rule .0537 of the 
North Carolina Solid Waste Management Rules.  Whereas some information is provided for 
MSW landfill units, emphasis is on the Area 2 C&D landfill unit. 

 
2.1 Facility Services and Waste Stream 

2.1.1 Facility Services 

Currently, the following activities or services are provided at the Johnston County 
Landfill facility as shown on Figure 1 of Attachment A): 
 

 Scales and scale house 
 Administrative offices 
 Maintenance building 
 Subtitle D MSW landfill 
 C&D landfill 
 White goods, scrap metal, and tire handling area 
 Convenience center 
 Yard waste processing area. 

 
2.1.2 Types of Waste 

The Johnston 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, tires, and 
yard waste).  These wastes are segregated and directed to on-site facilities for 
disposal or processing/handling area as described below.  Refer to the 
Operations Manual (Attachment D) for more information on wastes and 
materials accepted at the facility for processing and/or disposal.   
 
2.1.3 Disposal Rates and Estimated Variances 

Based on the FY 2012-2013 Solid Waste Management Annual Report information 
provided by the County, 92,085 tons of MSW and 20,142 tons of C&D waste were 
disposed of from 7/1/12 to 6/30/13 (average 7,674 tons per month and 307 tons 
per day of MSW and 1,679 tons per month and 67 tons per day of C&D waste 
based on 300 operating days per year).  These are very similar figures from FY 
2011-2012.  However, disposal tonnages have been down in recent years due to 
the economy and changes in market conditions.  As documented during the prior 
local government approval process, the County has set the following maximum 
disposal rates for the facility of which a maximum of 156,000 tons/year will be 
from outside the County:   



 
Johnston County C&D Landfill - Area 2  Facility and Engineering Plan 
December 2013  2.o  Facility Report  Page 6 

2013-2015 350,000 tons/year 
2016-2025 401,000 tons/year 
2026-2035 452,000 tons/year 
2036-2045 505,000 tons/year 
2046-2055 568,000 tons/year. 

 
For purposes of current facility life expectancy calculations, ranges of annual 
disposal rates were assumed as follows: 
 

MSWLF: 
 
Phase 4A & 6:   90,000 tons/year (Low); 120,000 tons/year (High) 
Phases 7-10:  110,000 tons/year (Low): 160,000 tons/year (High)* 
 
C&DLF: 
 
Area 2:   20,000 tons/year (Low); 40,000 tons/year (High) 
 
*The disposal rates for Phases 7-10 assume co-disposal of C&D waste. 

 
2.1.4 Service Area 

The landfill facility currently serves the State of North Carolina. 
 
2.1.5 Procedures for Waste Segregation 

A brief description of procedures for waste segregation at the landfill is as 
follows. 
 
Wastes are segregated at the scale house.  Operators at the 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.  Yard wastes will be directed 
toward the yard waste processing area.  Tires and white goods will be directed to 
the appropriate processing/handling area where they will be temporarily 
stockpiled for collection by recycling contractors.  Small loads and recyclables 
will be directed toward the citizen’s convenience center. 
 
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 the 
scale house and at the 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 by appropriately 
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trained personnel 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. 
 
2.1.6 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. 
 

2.2 Landfill Capacity 

2.2.1 Total Operating Capacity and Life Expectancy 

Drawing S2 (Site Development Plan - Base Grades) and Drawing S3 (Site 
Development Plan - Final Cover Grades), show conceptual subgrade and final 
cover grades, respectively, for the development of MSW Phases 4A and 6 through 
10 and C&D Area 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 and C&D landfill units are shown in Table 2.1.  Note 
that the approximate total capacities and waste footprint areas for closed MSW 
and C&D 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.  Life expectancies were calculated based 
on the disposal rates listed in Section 2.1.3. 
 
2.2.2 In-Place Ratio of Waste to Soil and Compaction Factor 

2.2.2.1 MSW Landfill Units 

The capacities obtained above were based on a 15 percent periodic cover 
ratio and a compaction factor ranging from 1,200 to 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 1,200 pcy is 
conservative for areas with lesser waste thicknesses (i.e. Phases 6, 7, and 
8).  The assumed compaction factor of 1,400 pcy is based on a recent 
analysis of waste density in Phase 4A and is assumed for areas with the 
greatest waste thicknesses (i.e. Phase 4A - Cell 3, Phase 9, and Phase 
10).   
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2.2.2.2 C&D Landfill Unit 

The capacities obtained above were based on a 10 percent periodic cover 
ratio and a compaction factor of 1,000 pounds per cubic yard (pcy).  The 
assumed periodic cover ratio is indicative of the County’s current 
practices.  The assumed compaction factor of 1,000 pcy is based on a 
recent analysis of waste density in Area 2 and is conservative as waste 
thicknesses increase. 
 

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. 
 

2.3 Available Soil Resources and Required Soil Quantities 

2.3.1 Earthwork Quantities 

The soils required to construct and operate the existing and planned MSW and 
C&D landfill units will be removed from on-site borrow sources or will be 
imported from off-site.  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. 
 
2.3.2 Soil Liner 

The soil required for the soil liner will be on-site or imported soils (A supply of 1 
x 10-5 centimeters per second (cm/sec) or less soil is anticipated within Borrow 
Area E).  The in-place volume required for each landfill unit is shown in Table 
2.3. 
 
2.3.3 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. 
 
2.3.4 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. 
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2.3.5 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 each landfill unit is shown in Table 2.6. 
 
2.3.6 Soil Summary 

The above on-site and off-site soil quantities are summarized in Table 2.7.  Note 
that, based on the proposed base grades, long-term there is a soil deficit, which 
will be made up from the current and future borrow areas (adjacent County-
owned properties). 
 

2.4 Facility Design Criteria 

Existing and proposed C&D landfill units were and will be constructed in accordance 
with Section .0540 of the North Carolina Administrative Code, Title 15A, Chapter 13, 
Subchapter 13B including the following requirements: 
 

2.4.1 Horizontal Separation Requirements 

The horizontal separation requirement between the disposal boundary (edge of 
waste) and the property lines is a minimum of 200 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. 
 
2.4.2 Vertical Separation Requirements 

The post-settlement bottom elevation of the liner system will meet the minimum 
requirement of four (4) feet above the seasonal high groundwater table and 
bedrock. 
 

2.5 Containment and Environmental Control Systems 

The following systems and elements are the basic containment and environmental 
controls for the Area 2 C&D landfill unit.  Technical specifications were provided in the 
following approved document: 
 

Technical Specifications 
Johnston County C&D Landfill - Area 2 
Prepared by G.N. Richardson & Associates, Inc. 
Dated October 2005. 
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Construction quality assurance requirements can be found in Attachment C. 
 

2.5.1 Landfill Subgrade and Perimeter Berms 

The landfill subgrade elevations are designed for minimum post-settlement 
slopes of two (2) percent.  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. 
 
2.5.2 Liner and Leachate Collection Systems 

The lined area for Area 2 is approximately 15.8 acres and is shown on Drawing 
S5 (Area 2 - Composite Liner Grading and Leachate Collection System Plan).  The 
components of the Area 2 liner and leachate collection systems will consist of 
the following components (top-down): 
 

Type 1: 
 

 a leachate collection system (LCS) consisting of: 
 

Base and Side Slopes: 
 �a 24-inch thick layer of soil protective cover; 
 a series of perforated collection pipes placed within coarse 

aggregate columns; and 
 a drainage geocomposite. 

 
 a 40-mil thick LLDPE geomembrane; and 
 a 12-inch thick soil liner with a hydraulic conductivity of no more than 

1 x 10-5 cm/sec  (“compacted soil liner”). 
 
OR 
 

Type 2: 
 
 a LCS (components as listed above for the Type 1 liner system); 
 a 40-mil LLDPE geomembrane; 
 a geosynthetic clay liner (GCL); and 
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 a 12-inch thick layer of structural fill (no hydraulic conductivity 
criteria). 
 

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 Type1 liner has been assumed.  Note also that the existing Area 
2 - Cell 1 unit has the Type 1 liner system. 
 

2.5.3 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, which 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). 
 
2.5.4 Final Cover System 

The final cover system for Area 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. 

 
A detailed discussion of the design of the final cover system can be found in 
Section 5.0 (Final Cover System Design). 
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2.5.5 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). 
 
Reference is made to the following document which has been approved by the 
NC Division of Energy, Mineral, and Land Resources: 
 

Erosion and Sedimentation Control Plan 
Johnston County C&D Landfill - Area 2 
Prepared by G.N. Richardson & Associates, Inc. 
As Revised Through August 2006. 

 
2.5.6 Landfill Gas Control 

The landfill gas (LFG) control system for Area 2 will consist of collection 
wells/vents placed within the waste to capture the gas and passively vent the gas.  
The collection wells/vents should be placed before any final cover 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.  
 
2.5.7 Access and Roadways 

The facility is accessed from County Home Road.  A scale and a scale house are 
located near this entrance.  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. 
 

2.6 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 were addressed in the following document 
which was part of the approved Area 2 Permit to Construct Application: 
 

Slope Stability, Settlement, and Bearing Capacity Evaluation 
Johnston County C&D Landfill - Area 2 
Prepared by G.N. Richardson & Associates, Inc. 
Dated October 2005. 
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Analyses contained therein indicated that the completed Area 2 landfill configuration will 
satisfy applicable regulatory criteria. 
 
2.7 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 lagoon will be as described in Section 4.0 (Leachate 
Management System Design).  From the storage lagoon, which also serves as a 
wastewater equalization basin, the leachate is pumped via force main 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. 
 
A detailed discussion of the leachate management system, including anticipated 
leachate volumes, can be found in Section 4.0 (Leachate Management System Design). 
 
2.8 Special Engineering Features 

Special engineering features proposed for Area 2 include both liner and final cover 
systems which incorporate geosynthetics.  These systems are as described in Sections 
2.5.2 and 2.5.4, respectively. 
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Table 2.1 Total Operating Capacity and Life Expectancy - MSWLF Units 

Landfill Unit 
Area 

(Acres) 
Gross Capacity 

(CY) 
Net (Waste) Capacity 

(CY/Tons) 
Life Expectancy 

(Years)1 

Unlined Landfill Units 

Phase 1/2 22.1 732,363 459,790 CY 
279,474 Tons 

Closed 

Phase 3 25.4 1,174,139 819,136 CY 
491,482 Tons 

Closed 

Phase 4 37.3 1,631,731 1,133,533 CY 
680,120 Tons 

Closed 

Total (Unlined): 84.8 3,538,233 2,448,459 CY 
1,469,076 Tons 

Closed 

Lined (Subtitle D) Landfill Units 

Phase 5 19.2 1,087,199 884,625 CY 
514,181 Tons 

Inactive 

Phase 4A - Used 29.4 1,932,768 1,642,853 CY 
1,072,776 Tons 

----- 

Phase 4A - 
Remaining 
    Fill Sequence 1 
 
    Fill Sequence 2 

 
 

599,180 
 

785,112 
 

 
 

509,303 CY 
356,512 Tons 
586,711 CY 

410,698 Tons 

 
 

3.0 to 4.0 
 

3.4 to 4.6 

Phase 6 21.1 1,402,016 1,167,578 CY 
700,547 Tons 

5.8 to 7.8 

Phase 7 19.8 1,758,991 1,462,230 CY 
877,338 Tons 

5.5 to 8.0 

Phase 8 25.2 1,844,867 1,495,182 CY 
897,109 Tons 

5.6 to 8.2 

Phase 9 22.5 6,684,914 5,611,690 CY 
3,928,183 Tons 

24.6 to 35.7 

Phase 10 17.5 3,137,920 2,524,065 CY 
1,766,846 Tons 

11.0 to 16.1 

Total (Lined): 154.7   CY 
 Tons 

58.9 to 84.4 

Total (Overall): 239.5  CY 
 Tons 

58.9 to 84.4 

 
Notes: 
1. Life expectancy for the active Phase 4A unit shown above is from 6/14/13.  Life expectancies are 

based on disposal rates of 120,000 tons/year and 90,000 tons/year (Phases 4A and 6) and 160,000 
tons/year and 110,000 tons/year (Phases 6-10). 

  



 
Johnston County C&D Landfill - Area 2  Facility and Engineering Plan 
December 2013  2.o  Facility Report  Page 15 

Table 2.2 Total Operating Capacity and Life Expectancy - C&DLF Units 

Landfill Unit 
Area 

(Acres) 
Gross Capacity 

(CY) 
Net (Waste) Capacity 

(CY/Tons) 
Life Expectancy 

(Years)1 

Area 1 16.2 614,472 515,563 CY 
304,780 Tons 

Closed 

Area 2 
    Cell 1 Used 
 
 
    Cell 1 Remain. 
 
 
    Cell 2 
       (See Note 2) 
 

 
11.9 

 
 
 
 
 

3.9 

 
323,132 

 
 

87,544 
 
 

462,658 

 
290,819 CY 

151,988 Tons 
 

62,237 CY 
31,118 Tons 

 
387,062 CY 

232,237 Tons 

 
----- 

 
 

0.8 to 1.6 
 
 

5.8 to 11.6 
 

Total: 32.0 1,487,806 1,255,681 CY 
720,123 Tons 

 

6.6 to 13.2 

 
Notes: 
1. Life expectancy for the active Area 2 unit shown above is from 6/14/13.  Life expectancies are 

based on disposal rates of 40,000 tons/year and 20,000 tons/year. 
2. A portion of the Cell 2 capacity is available within the footprint of Cell 1 (i.e. without need to 

construct Cell 2). 
 
 
 

Table 2.3 General Earthwork Quantities 

Landfill Unit Cut (CY) Fill (CY) 

MSW Landfill Units 

Phase 6 279,493 55,613 

Phase 7 222,037 85,202 

Phase 8 242,630 105,976 

Phase 9 68,999 178,758 

Phase 10 151,736 21,326 

C&D Landfill Units 

Area 2 - Cell 2 0 3,436 
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Table 2.4 Soil Liner Quantities 

Landfill Unit Required Volume (CY) 

MSW Landfill Units 

Phase 6 51,062 

Phase 7 47,916 

Phase 8 60,984 

Phase 9 54,450 

Phase 10 42,350 

C&D Landfill Units 

Area 2 - Cell 21 6,292 
 

Note: 
1. Or structural fill layer. 

 
 
 

Table 2.5 Leachate Collection System/Protective Cover Quantities 

Landfill Unit Required Volume (CY) 

MSW Landfill Units 

Phase 6 68,083 

Phase 7 63,888 

Phase 8 81,312 

Phase 9 72,600 

Phase 10 56,467 

C&D Landfill Units 

Area 2 - Cell 2 12,584 
 

Note: 
1. The quantity shown above is for a thickness of 24 inches. 
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Table 2.6 Daily and Intermediate Cover Quantities 

Landfill Unit Required Volume (CY) 

MSW Landfill Units 
Phase 4A - Fill Seq. 1 
Phase 4A - Fill Seq. 2 

89,817 
103,537 

Phase 6 206,043 

Phase 7 258,041 

Phase 8 263,856 

Phase 9 990,298 

Phase 10 445,423 

C&D Landfill Units 

Area 2 - Cell 1 6,915 

Area 2 - Cell 2 43,007 
 

Note: 
1. Volumes shown above for Phase 4A and Area 2 are from 6/14/13. 

 
 
 

Table 2.7 Vegetative Soil Layer Quantities 

Landfill Unit Required Volume (CY) 

MSW Landfill Units 

Phase 4A 94,864 

Phase 5 61,952 

Phase 6 68,083 

Phase 7 63,888 

Phase 8 81,312 

Phase 9 72,600 

Phase 10 56,467 

C&D Landfill Units 

Area 2 50,981 
 

Note: 
1. The quantity shown above is for a thickness of 24 inches. 
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Table 2.8 Soil Summary 

Material Quantity (CY) 

Excavation 964,895 

Structural Fill (450,311) 

Soil Liner (263,054) 

LCS/Protective Cover1 (354,933) 

Daily/Intermediate Cover (2,406,997) 

Vegetative Soil Layer (550,147) 

Total1: (3,060,547) 
 

Notes: 
1. A portion of the LCS/Protective Cover will be from off-site sources. 
2. Soil deficit shown will be made up from existing and future borrow sources 

located on County-owned property adjacent to the site. 
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3.0 LINER SYSTEM DESIGN 

This section addresses the design of the Area 2 liner system.  Technical specifications for liner 
system components were provided in the following approved document: 
 

Technical Specifications 
Johnston County C&D Landfill - Area 2 
Prepared by G.N. Richardson & Associates, Inc. 
Dated October 2005. 
 

Construction quality assurance requirements for liner system components can be found in 
Attachment C.  Also refer to the Permit to Construct Drawings (Attachment H) for liner system 
details. 

 
3.1 Liner System Components 

As described in Section 2.5.2, the liner will consist of the following components (top-
down): 
 

Type 1: 
 

 a leachate collection system (LCS) (see Section 2.5.2); 
 a 40-mil thick LLDPE geomembrane; and 
 a 12-inch thick soil liner with a hydraulic conductivity of no more than 1 x 

10-5 cm/sec  (“compacted soil liner”). 
 
OR 
 

Type 2: 
 
 a LCS (see Section 2.5.2); 
 a 40-mil LLDPE geomembrane; 
 a geosynthetic clay liner (GCL); and 
 a 12-inch thick layer of structural fill (no hydraulic conductivity criteria). 
 

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

3.1.1 Geomembrane 

The geomembrane component of the liner system will function as the primary 
barrier layer.  The geomembrane will be a textured 40-mil thick Linear Low 
Density Polyethylene (LLDPE) synthetic liner.  The geomembrane will be 
installed by a qualified contractor. 
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3.1.2 Geosynthetic Clay Liner (GCL) 

The GCL will function as a secondary barrier layer in the Type 2 liner system.  
The selected material for the GCL will consist of a layer of sodium bentonite 
bonded between two (2) 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. 
 
3.1.3 Soil Liner 

The soil liner will function as a secondary barrier layer in the Type 1 liner system.  
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. 
 

3.2 Liner System Design 

3.2.1 Slope Stability 

An evaluation of the slope stability of the Area 2 landfill unit was provided in the 
following approved document: 
 

Slope Stability, Settlement, and Bearing Capacity Evaluation 
Johnston County C&D Landfill - Area 2 
Prepared by G.N. Richardson & Associates, Inc. 
Dated October 2005. 
 

Even though the project site lies outside of a seismic impact zone, both static and 
seismic slope stability analyses were performed.  The evaluation indicated 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 = 26.5 degrees 

 
* Also applies to internal shear strength of the protective cover.  Note that the 
analysis was performed assuming no seepage force (i.e., no flowing water) in the 
protective cover.  Therefore, it is recommended that geosynthetic rain cover 
(GRC) be installed over exposed drainage and protective cover soil on the steeper 
landfill side slopes to minimize the chance for seepage induced instability of this 
layer.   
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Normal Loads > 1,000 psf (Based on Global Stability):  
 

Cohesion = 0 psf 
Phi = 20 degrees* 

 
* Note that, although 20.0 degrees was used in the evaluation, a value of 11.0 
degrees is required to achieve the minimum required factors of safety. 
 
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 are met. 
 
3.2.2 Settlement 

An evaluation of the settlement of the Area 2 landfill unit was provided in the 
following approved document: 
 

Slope Stability, Settlement, and Bearing Capacity Evaluation 
Johnston County C&D Landfill - Area 2 
Prepared by G.N. Richardson & Associates, Inc. 
Dated October 2005. 
 

Based on a worst case cross section, the evaluation indicated that the maximum 
total foundation settlement will be approximately 0.7 feet 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 Area 2 landfill unit was provided in 
the following approved document: 
 

Slope Stability, Settlement, and Bearing Capacity Evaluation 
Johnston County C&D Landfill - Area 2 
Prepared by G.N. Richardson & Associates, Inc. 
Dated October 2005. 
 

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 
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vertical separation between equipment and the underlying geomembrane (see 
Sections 3.4.1 and 3.4.2). 
 
3.2.4 Anchor Trench Design 

An anchor trench, 1.5-foot wide by 1.5-foot 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 3.2.1) provide for an inherently stable system (see 
Section 3.3.1). 
 
3.2.5 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 drainage geocomposite 
should have a minimum of 10.5 ounces per square yard (oz./SY) of nonwoven 
geotextile (conservatively not including any cushioning from the geonet drainage 
core) in order to protect the geomembrane from the gravel columns surrounding 
the leachate pipes.  A 6 oz./SY nonwoven geotextile bonded to each side of the 
geonet drainage core will satisfy this requirement. 
 

3.3 Anticipated Stresses 

3.3.1 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 LLDPE 
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 3.2.1).  Thus, negligible stresses will be placed on geosynthetics and the 
system will be inherently stable. 
 
Installation of the drainage geocomposite and 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 
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from the bottom up using low ground pressure (LGP) (< 6 pounds per square inch 
(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. 
 
3.3.2 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). 
 
3.3.3 Long-Term Stresses 

Settlement analyses performed for Area 2 demonstrate that the anticipated 
tensile stresses in the liner system due to settlement of underlying subgrade will 
be negligible. 
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4.0 LEACHATE MANAGEMENT SYSTEM DESIGN 

This section addresses the design of the Area 2 leachate management system.  The leachate 
management system for the 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 sump.  The leachate transmission and storage system will consist of pumps, piping, 
manholes, valves, and leachate storage lagoon.  Technical specifications for leachate 
management system components were provided in the following approved document: 
 

Technical Specifications 
Johnston County C&D Landfill - Area 2 
Prepared by G.N. Richardson & Associates, Inc. 
Dated October 2005. 
 

Construction quality assurance requirements for leachate management system components 
can be found in Attachment C.  Also refer to the Permit to Construct Drawings (Attachment H) 
for leachate management system details. 
 

4.1 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 2.5.2, 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 protective cover soil; 
 a series of perforated collection pipes placed within coarse aggregate 

columns; and 
 a drainage geocomposite. 
 

Additionally, as noted in Section 2.5.3, the County may elect to install geosynthetic rain 
cover over the LCS to aid stormwater/leachate separation. 
 

4.1.1 Drainage Aggregate 

Drainage aggregate used in the LCS will consist of coarse aggregate (No. 57 or 
similar aggregate meeting required permeability and angularity criteria) which 
will provide primary leachate removal capacity and will be placed around 
collection piping and within the sump   
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4.1.2 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 pipe spacing 
analysis (see Section 4.3.1 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 3.2.5 and Appendix A). 
 
4.1.3 Separator (Type GT-S) Geotextile 

A nonwoven separator (Type GT-S) geotextile will be used as a component of the 
drainage geocomposite.  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 4.3.5 and Appendix A). 
 
4.1.4 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 4.3.4 and Appendix A). 
 
Collection pipes have coarse aggregate placed over and around them and are 
referred to as "gravel columns".  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 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. 
 

  



 
Johnston County C&D Landfill - Area 2  Facility and Engineering Plan 
December 2013  4.o  Leachate Management System Design  Page 27 

4.1.5 Leachate Sump 

The leachate sump will function as the collection point for leachate within the 
landfill.  The sump and side riser layout is shown on Drawing LM2 (Leachate 
Management System Details - Sheet 2 of 3).  As designed, the sump is filled with 
coarse aggregate and has a storage capacity of over 2,000 gallons (accounting for 
30% porosity in the stone) for operation of the side riser pumps (see Section 
4.2.1 and Appendix A). 
 
4.1.6 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. 
 

4.2 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 Force Main Plan and Profile).  The leachate collected in the 
sumps will be pumped to the leachate storage lagoon via a force main. 
 

4.2.1 Pumps 

Two side riser pumps will be used in each leachate sump.  The pumps selected 
for this application will be Leachator or equal that are rated at a minimum flow of 
75 to 100 gallons per minute (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.  Pump requirements were determined in the leachate 
pump and force main evaluation (see Section 4.3.6 and Appendix A). 
 
4.2.2 Transmission Piping 

The leachate transmission piping will be HDPE pipe.  The required pipe DR was 
selected as described above for collection piping (see Section 4.1.5) based upon 
the maximum static and dynamic loading conditions to be placed on the pipe (see 
Section 4.3.4 and Appendix A). 
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4.2.3 Storage Lagoon/Wastewater Equalization Basin 

Leachate from Area is routed to the existing leachate storage lagoon (pond) 
which has a capacity of approximately 4,200,000 gallons (not including 2 feet of 
freeboard).  The pond is lined with a composite liner system consisting of 24 
inches of compacted clay liner (k < 1 x 10-7 cm/sec) overlain by a 60 mil HDPE 
geomembrane and a 6 inch thick Fabri-Form concrete liner.  The lagoon drains 
to an existing pump station.  From this pump station, the leachate is pumped via 
a force main to a local wastewater treatment plant (WWTP) owned and operated 
by Johnston County. 
 
Due to the large size of the pond relative to typical leachate generation at the site 
(between 1.26M and 3.05M gallons per year based on 2004 and 2005 data), the 
County previously modified the storage lagoon for use as an equalization basin 
for raw wastewater. 
 
The maximum water level in the modified pond will be maintained at 
approximately elevation 151 to 152.  With a top of pond elevation of approximately 
155, this will provide a volume of at least 1 foot (approximately 650,000 gallons) 
below the required 2 feet of freeboard under typical conditions.  This capacity is 
much greater than the anticipated surge volume from a newly operational landfill 
unit.  Additionally, considering the very large pumping capacity (two 1,300 GPM 
pumps) of the existing raw sewage pump station which is connected to the pond, 
the ability to handle leachate generation at the site is very high. 
 
The operation of the leachate storage lagoon as an equalization basin will not 
affect the County’s ability to draw-down the basin in advance of predicted heavy 
rainfall (tropical storm, hurricane, etc.). 
 

4.3 Leachate Management System Design 

4.3.1 LCS Pipe Spacing 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 impingement rates corresponding to active 
conditions (1,200 gallons per acre per day (gpapd)) (See Section 4.5).  The 
analysis conservatively included reduction factors (intrusion, creep deformation, 
chemical clogging, and biological clogging plus an overall factor of safety). 
 
Based on the analysis, a minimum transmissivity of 7.5 x 10-4 cubic meters per 
meter per second (m3/m/sec) was selected for the drainage geocomposite 
(where used).  Transmissivity tests for the drainage geocomposite should be 
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conducted based on anticipated field conditions (maximum normal load, 
boundary conditions, and gradient). 
 
4.3.2 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 (14,000 
gallons/acre/day) (see Appendix A).  Based on this evaluation, a 6-inch diameter 
HDPE (DR 17) (I.D. = 5.8-inches) will handle a maximum drainage area of 17 
acres with a factor of safety of 2.0.  This maximum drainage area exceeds the 
maximum drainage area to be drained by any single pipe. 
 
4.3.3 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 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, 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. 
 
4.3.4 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. 
 

4.3.4.3 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, 
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was used to calculate the required DR.  Calculations were performed for 
crushing, buckling, and pipe deflection. 
 
For HDPE collection piping (also represents a worst case for side riser 
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 4.3 for crushing and buckling, respectively. 
 
4.3.4.4 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 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); and 

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). 

 
4.3.5 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 
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geocomposite as a filter.  The analysis (see Appendix A) assumes that the 
protective cover will be silty and clayey 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 
nonwoven 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. 
 
4.3.6 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 riser pumps will be capable of pumping at approximately 
75 to 100 gpm under anticipated conditions. 
 

4.4 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 three plus 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. 
 
4.5 Leachate Generation 

The leachate management system for Area 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); 
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 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 3.2 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.  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 300,000 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 Area 2 operations is anticipated to 
be less than 50,000 gallons per day (includes flow from Phases 4A and 5). 
 
The ability to prevent ponding in the landfill rests on the ability to hold leachate in the 
storage lagoon.  As noted in Section 4.2.3, the capacity of the existing storage lagoon is 
approximately 4,200,000 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 lagoon can handle the entire design storm. 
 
In order to minimize the ponding potential in the landfill, the County will remove 
leachate from the storage lagoon at a rate to maintain water levels in the lagoon at or 
below elevation 152 on a typical basis, which will allow approximately 650,000 gallons of 
storage while maintaining 2 feet of freeboard. 
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5.0 FINAL COVER SYSTEM DESIGN 

This section addresses the design of the final cover system for Area 2.  Technical specifications 
for final cover system components were provided in the following approved document: 
 

Technical Specifications 
Johnston County C&D Landfill - Area 2 
Prepared by G.N. Richardson & Associates, Inc. 
Dated October 2005. 
 

Construction quality assurance requirements for final cover system components can be found 
in Attachment C.  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.  

 
5.1 Final Cover System Components 

As described in Section 2.5.4, the final cover system for Area 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.  Landfill gas (LFG) wells/vents 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. 
 

5.1.1 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 (the upper 6 inches of which will be capable of 
supporting the growth of vegetative cover). 
 
5.1.2 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.  Alternatively, 
the drainage geocomposite may consist of a series of small diameter pipes 
bonded on both sides within two nonwoven geotextiles (Draintube or equal).  The 
minimum required transmissivity of the drainage geocomposite was determined 
in the final cover drainage layer analysis (see Section 5.2.2 and Appendix A). 
 
5.1.3 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. 
 
5.1.4 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. 
 
5.1.5 Landfill Gas (LFG) Control System 

The landfill gas (LFG) control system will consist of collection wells or vents 
placed within the waste to capture and passively vent the gas.  The collection 
wells or vents should be placed before any final cover geosynthetics are placed.  
The selected system will be designed to limit the gas pressures on the final cover 
geosynthetics. 
 
5.1.6 Surface Water Control Devices 

Surface water run-off will be controlled in the final cover system by drainage 
breaks (rain gutters and/or diversion berms) 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 basins.  The design of rain 
gutters and down pipes is discussed in Section 5.2.3. 
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5.2 Final Cover System Design 

5.2.1 Slope Stability 

An evaluation of the veneer stability of the Area 2 final cover system was provided 
in the following approved document: 
 

Slope Stability, Settlement, and Bearing Capacity Evaluation 
Johnston County C&D Landfill - Area 2 
Prepared by G.N. Richardson & Associates, Inc. 
Dated October 2005. 
 

The evaluation indicates that the final cover system will satisfy design criteria 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 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 are met. 
 
5.2.2 Drainage Layer Analysis 

The analysis of the final cover drainage layer (drainage geocomposite) is provided 
in Appendix A.  This analysis focused on determining the 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) 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 (typical 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 



 
Johnston County C&D Landfill - Area 2  Facility and Engineering Plan 
December 2013  5.0 Final Cover System Design  Page 36 

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. 
 
5.2.3 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. 
 

5.3 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 5.2.2).  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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Facility and Engineering Plan 
Appendix A:  Landfill Design Calculations 
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1.0   Quantity Calculations (Updated) 

 Capacity Evaluation (Density & Life Calcs.) 
 Earthwork Quantities 
 

2.0   Liner and LCS Geosynthetics Calculations* 
 Anchor Trench Sizing 
 Filter Geotextile Analysis 
 Cushion Geotextile Analysis 

 
3.0   Leachate Management System Calculations* 

 Leachate Collection Pipe Spacing 
 Leachate Collection Pipe Sizing 
 HDPE Pipe Stress Analysis 
 Evaluation of Leachate Generation Rates 
 Leachate Pump Design Calculations 
 

4.0  Final Cover System Calculations* 
 Final Cover Drainage Layer Analysis 
 Rain Gutter & Down Pipe Sizing 

 
*Except where updated calculations are noted, the attached calculations were 
included with the previously approved Permit to Construct application for Area 2. 

 
 
 
 
 
  



ADDRESS TEL WEB

PROJECT SHEET 1 OF 22 DATE
COMPUTED BY

SUBJECT JOB # CHECKED BY

OBJECTIVE:

ANALYSIS:

PKS
Capacity Evaluation (Density & Life) JOHNSTON-13-4

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.

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.

14 N. Boylan Avenue, Raleigh, NC 27603 919.828.0577 www.smithgardnerinc.com

Johnston County Landfill 12/6/2013

SMITH GARDNER, INC. JC CAPACITY LF DENSITY & LIFE 2013.xls



PROJECT SHEET
JOB #

SUBJECT DATE
COMPUTED BY

CHECKED BY

Density and Filling Rate Calculations:

Quantity of Cumulative
Volume Waste Waste Filling Waste Waste Waste

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

1/9/2003 5/21/2004 1.36 312,843 139,098 889 15 46,926 265,917 1,046 1,046
5/22/2004 3/21/2005 0.83 200,019 89,280 893 15 30,003 170,016 1,050 1,048
3/22/2005 6/4/2006 1.20 287,402 131,910 918 15 43,110 244,292 1,080 1,059
6/5/2006 5/20/2007 0.96 209,118 110,112 1,053 15 31,368 177,750 1,239 1,097

5/21/2007 6/6/2008 1.05 192,780 121,693 1,263 15 28,917 163,863 1,485 1,159
6/7/2008 6/19/2009 1.03 191,213 108,036 1,130 15 28,682 162,531 1,329 1,182

6/20/2009 6/11/2010 0.98 142,560 96,845 1,359 15 21,384 121,176 1,598 1,221
6/12/2010 6/17/2011 1.01 150,437 96,994 1,289 15 22,566 127,871 1,517 1,247
6/18/2011 5/31/2012 0.95 128,242 83,621 1,304 15 19,236 109,006 1,534 1,268
6/1/2012 6/14/2013 1.04 143,970 95,187 1,322 15 21,596 122,375 1,556 1,289

Totals: 10.41 1,958,584 1,072,776 293,788 1,664,796

Current Cumulative Waste Density = 1,289
lbs/cy

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

Period of Interest Periodic Cover

2/22
JOHNSTON-13-4

12/6/2013
PKS

Johnston County MSW Landfill - Phase 4A

Capacity Evaluation - Filling Rate & Density Calculations

SMITH GARDNER, INC. MSW Fill & Density Calcs JC CAPACITY LF DENSITY & LIFE 2013.xls
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JOB #

SUBJECT DATE
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Waste & Periodic Cover Parameters:

Waste Density (PCY) = 1,400 (From Filling Rate and Density Calcs.) (Conservative Based on Recent)
Waste Density (TCY) = 0.70

Percentage of Periodic Cover = 15

Volume Calculations:

Gross Capacity Used (Top of Protective Cover to Top of Final Cover):

Gross Capacity Used (CY) = 1,932,768 (Top of Protective Cover to June 14, 2013 Topo.)
(Determined as Permitted Capacity - Gross Capacity Remaining)

Waste Disposed (Tons) = 1,072,776 (Per Site Records 1/9/2003 through 6/14/2013)

Gross Capacity Remaining (Top of Protective Cover to Top of Final Cover):

Volume From AutoCAD (CY) = 599,180 (Compared with June 14, 2013 Topo.)
(Based on Top of Intermediate Cover)

Adjustment For Other Layers: (Add to Above)
Area of Final Cover (Acres) = 0.0

2 feet Vegetative Soil Layer (CY) = 0

Sum (CY) = 0

Gross Capacity Remaining (CY) = 599,180

Net (Waste) Capacity Remaining:

Adjustment For Other Layers: (Subtract from Above)
Area of Final Cover (Ac.) = 0.0

2 feet Vegetative Soil Layer (CY) = 0

Sum (CY) = 0

Volume of Waste and Periodic Cover (CY) = 599,180

Volume of Periodic Cover (CY) = (89,877)

Net (Waste) Capacity Remaining (CY) = 509,303

Net (Waste) Capacity Remaining (Tons) = 356,512

Life Expectancy Calculations:

Landfill Life Expectancy (Low Disposal Rate) (Years) = 4.0 Based on 90,000 Tons per Year

Landfill Life Expectancy (High Disposal Rate) (Years) = 3.0 Based on 120,000 Tons per Year

3/22
JOHNSTON-13-4

12/6/2013
PKS

Johnston County MSW Landfill

Capacity Evaluation - Phase 4A - Cells 1-3 (Fill Sequence 1)

SMITH GARDNER, INC. MSW - Phase 4A - FS1 JC CAPACITY LF DENSITY & LIFE 2013.xls
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COMPUTED BY
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Waste & Periodic Cover Parameters:

Waste Density (PCY) = 1,400 (From Filling Rate and Density Calcs.) (Conservative Based on Recent)
Waste Density (TCY) = 0.70

Percentage of Periodic Cover = 15

Volume Calculations:

Gross Capacity (Fill Sequence 1 to Top of Final Cover):

Volume From AutoCAD (CY) = 690,248 (Compared with Fill Sequence 1)
(Based on Top of Intermediate Cover)

Adjustment For Other Layers: (Add to Above)
Area of Final Cover (Acres) = 29.4 (All Phase 4A Final Cover Included in FS2)

2 feet Vegetative Soil Layer (CY) = 94,864

Sum (CY) = 94,864

Gross Capacity (CY) = 785,112

Net (Waste) Capacity:

Adjustment For Other Layers: (Subtract from Above)
Area of Final Cover (Ac.) = 29.4

2 feet Vegetative Soil Layer (CY) = (94,864)

Sum (CY) = (94,864)

Volume of Waste and Periodic Cover (CY) = 690,248

Volume of Periodic Cover (CY) = (103,537)

Net (Waste) Capacity (CY) = 586,711

Net (Waste) Capacity (Tons) = 410,698

Life Expectancy Calculations:

Landfill Life Expectancy (Low Disposal Rate) (Years) = 4.6 Based on 90,000 Tons per Year

Landfill Life Expectancy (High Disposal Rate) (Years) = 3.4 Based on 120,000 Tons per Year

Johnston County MSW Landfill 4/22
JOHNSTON-13-4

Capacity Evaluation - Phase 4A - Cells 1-3 (Fill Sequence 2) 12/6/2013
PKS

SMITH GARDNER, INC. MSW - Phase 4A - FS2 JC CAPACITY LF DENSITY & LIFE 2013.xls
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Waste & Periodic Cover Parameters:

Waste Density (PCY) = 1,200 (Assumed)
Waste Density (TCY) = 0.60

Percentage of Periodic Cover = 15

Volume Calculations:

Gross Capacity (Top of Protective Cover to Top of Final Cover):

Volume From AutoCAD (CY) = 1,521,161 (Phase 6 Subgrade to Top of Phase 6 Fill)

Adjustment For Other Layers: (Subtract from Above)
Area of Waste Footprint (Acres) = 21.1

1.5 feet Soil Liner (CY) = (51,062)
2 feet LCS/Protective Cover (CY) = (68,083)

Sum (CY) = (119,145)

Gross Capacity (CY) = 1,402,016

Net (Waste) Capacity:

Adjustment For Other Layers: (Subtract from Above)
Area of Final Cover (Ac.) = 8.8 (Partial Final Cover included in Gross Capacity)

2 feet Vegetative Soil Layer (CY) = (28,395)

Sum (CY) = (28,395)

Volume of Waste and Periodic Cover (CY) = 1,373,622

Volume of Periodic Cover (CY) = (206,043)

Net (Waste) Capacity (CY) = 1,167,578

Net (Waste) Capacity (Tons) = 700,547

Life Expectancy Calculations:

Landfill Life Expectancy (Low Disposal Rate) (Years) = 7.8 Based on 90,000 Tons per Year

Landfill Life Expectancy (High Disposal Rate) (Years) = 5.8 Based on 120,000 Tons per Year

Johnston County MSW Landfill 5/22
JOHNSTON-13-4

Capacity Evaluation - Phase 6 12/6/2013
PKS

SMITH GARDNER, INC. MSW - Phase 6 JC CAPACITY LF DENSITY & LIFE 2013.xls



PROJECT SHEET
JOB #

SUBJECT DATE
COMPUTED BY

CHECKED BY

Waste & Periodic Cover Parameters:

Waste Density (PCY) = 1,200 (Assumed)
Waste Density (TCY) = 0.60

Percentage of Periodic Cover = 15

Volume Calculations:

Gross Capacity (Top of Protective Cover to Top of Final Cover):

Volume From AutoCAD (CY) = 1,870,795 (Phase 7 Subgrade to Top of Phase 7 Fill)

Adjustment For Other Layers: (Subtract from Above)
Area of Waste Footprint (Acres) = 19.8

1.5 feet Soil Liner (CY) = (47,916)
2 feet LCS/Protective Cover (CY) = (63,888)

Sum (CY) = (111,804)

Gross Capacity (CY) = 1,758,991

Net (Waste) Capacity:

Adjustment For Other Layers: (Subtract from Above)
Area of Final Cover (Ac.) = 12.0 (Partial Final Cover included in Gross Capacity)

2 feet Vegetative Soil Layer (CY) = (38,720)

Sum (CY) = (38,720)

Volume of Waste and Periodic Cover (CY) = 1,720,271

Volume of Periodic Cover (CY) = (258,041)

Net (Waste) Capacity (CY) = 1,462,230

Net (Waste) Capacity (Tons) = 877,338

Life Expectancy Calculations:

Landfill Life Expectancy (Low Disposal Rate) (Years) = 8.0 Based on 110,000 Tons per Year

Landfill Life Expectancy (High Disposal Rate) (Years) = 5.5 Based on 160,000 Tons per Year

Johnston County MSW Landfill 6/22
JOHNSTON-13-4

Capacity Evaluation - Phase 7 12/6/2013
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SMITH GARDNER, INC. MSW - Phase 7 JC CAPACITY LF DENSITY & LIFE 2013.xls
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CHECKED BY

Waste & Periodic Cover Parameters:

Waste Density (PCY) = 1,200 (Assumed)
Waste Density (TCY) = 0.60

Percentage of Periodic Cover = 15

Volume Calculations:

Gross Capacity (Top of Protective Cover to Top of Final Cover):

Volume From AutoCAD (CY) = 1,987,163 (Phase 8 Subgrade to Top of Phase 8 Fill)

Adjustment For Other Layers: (Subtract from Above)
Area of Waste Footprint (Acres) = 25.2

1.5 feet Soil Liner (CY) = (60,984)
2 feet LCS/Protective Cover (CY) = (81,312)

Sum (CY) = (142,296)

Gross Capacity (CY) = 1,844,867

Net (Waste) Capacity:

Adjustment For Other Layers: (Subtract from Above)
Area of Final Cover (Ac.) = 26.6 (Partial Final Cover included in Gross Capacity)

2 feet Vegetative Soil Layer (CY) = (85,829)

Sum (CY) = (85,829)

Volume of Waste and Periodic Cover (CY) = 1,759,038

Volume of Periodic Cover (CY) = (263,856)

Net (Waste) Capacity (CY) = 1,495,182

Net (Waste) Capacity (Tons) = 897,109

Life Expectancy Calculations:

Landfill Life Expectancy (Low Disposal Rate) (Years) = 8.2 Based on 110,000 Tons per Year

Landfill Life Expectancy (High Disposal Rate) (Years) = 5.6 Based on 160,000 Tons per Year

Johnston County MSW Landfill 7/22
JOHNSTON-13-4

Capacity Evaluation - Phase 8 12/6/2013
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CHECKED BY

Waste & Periodic Cover Parameters:

Waste Density (PCY) = 1,400 (Assumed)
Waste Density (TCY) = 0.70

Percentage of Periodic Cover = 15

Volume Calculations:

Gross Capacity (Top of Protective Cover to Top of Final Cover):

Volume From AutoCAD (CY) = 6,811,964 (Phase 9 Subgrade to Top of Phase 9 Fill)

Adjustment For Other Layers: (Subtract from Above)
Area of Waste Footprint (Acres) = 22.5

1.5 feet Soil Liner (CY) = (54,450)
2 feet LCS/Protective Cover (CY) = (72,600)

Sum (CY) = (127,050)

Gross Capacity (CY) = 6,684,914

Net (Waste) Capacity:

Adjustment For Other Layers: (Subtract from Above)
Area of Final Cover (Ac.) = 25.7 (Partial Final Cover included in Gross Capacity)

2 feet Vegetative Soil Layer (CY) = (82,925)

Sum (CY) = (82,925)

Volume of Waste and Periodic Cover (CY) = 6,601,989

Volume of Periodic Cover (CY) = (990,298)

Net (Waste) Capacity (CY) = 5,611,690

Net (Waste) Capacity (Tons) = 3,928,183

Life Expectancy Calculations:

Landfill Life Expectancy (Low Disposal Rate) (Years) = 35.7 Based on 110,000 Tons per Year

Landfill Life Expectancy (High Disposal Rate) (Years) = 24.6 Based on 160,000 Tons per Year

Johnston County MSW Landfill 8/22
JOHNSTON-13-4

Capacity Evaluation - Phase 9 12/6/2013
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Waste & Periodic Cover Parameters:

Waste Density (PCY) = 1,400 (Assumed)
Waste Density (TCY) = 0.70

Percentage of Periodic Cover = 15

Volume Calculations:

Gross Capacity (Top of Protective Cover to Top of Final Cover):

Volume From AutoCAD (CY) = 3,174,785 (Phase 10 Subgrade to Top of Phase 10 Fill)

Adjustment For Other Layers: (Subtract from Above)
Area of Waste Footprint (Acres) = 17.5

1.5 feet Soil Liner (CY) = (42,350)
2 feet LCS/Protective Cover (CY) = (56,467)

Sum (CY) = (98,817)

Adjustment For Other Layers: (Add to Above)
Area of Final Cover (Ac.) = 19.2 (Phase 5 Area)

2 feet Vegetative Soil Layer (CY) = 61,952

Sum (CY) = 61,952

Gross Capacity (CY) = 3,137,920

Net (Waste) Capacity:

Adjustment For Other Layers: (Subtract from Above)
Area of Final Cover (Ac.) = 52.2 (Partial Final Cover included in Gross Capacity)

(Remaining Area of Ph. 5-10 not Accounted For)
2 feet Vegetative Soil Layer (CY) = (168,432)

Sum (CY) = (168,432)

Volume of Waste and Periodic Cover (CY) = 2,969,488

Volume of Periodic Cover (CY) = (445,423)

Net (Waste) Capacity (CY) = 2,524,065

Net (Waste) Capacity (Tons) = 1,766,846

Life Expectancy Calculations:

Landfill Life Expectancy (Low Disposal Rate) (Years) = 16.1 Based on 110,000 Tons per Year

Landfill Life Expectancy (High Disposal Rate) (Years) = 11.0 Based on 160,000 Tons per Year

Johnston County MSW Landfill 9/22
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Density and Filling Rate Calculations:

Quantity of Cumulative
Volume Waste Waste Filling Waste Waste Waste

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

7/18/2007 6/6/2008 0.89 60,989 34,021 1,116 10 6,099 54,890 1,240 1,240
6/7/2008 6/19/2009 1.03 75,914 30,772 811 10 7,591 68,323 901 1,052

6/20/2009 6/11/2010 0.98 42,593 23,010 1,080 10 4,259 38,334 1,201 1,087
6/12/2010 6/17/2011 1.01 56,430 24,462 867 10 5,643 50,787 963 1,057
6/18/2011 5/31/2012 0.95 46,418 18,881 814 10 4,642 41,776 904 1,032
6/1/2012 6/14/2013 1.04 43,175 20,842 965 10 4,318 38,858 1,073 1,038

Totals: 5.90 325,519 151,988 32,552 292,967

Current Cumulative Waste Density = 1,038
lbs/cy

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

Period of Interest Periodic Cover

Johnston County C&D Landfill - Area 2 10/22
JOHNSTON-13-5

Capacity Evaluation - Filling Rate & Density Calculations 12/6/2013
PKS
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Waste & Periodic Cover Parameters:

Waste Density (PCY) = 1,000 (From Filling Rate and Density Calcs.) (Based on Recent)
Waste Density (TCY) = 0.50

Percentage of Periodic Cover = 10

Volume Calculations:

Gross Capacity Used (Top of Protective Cover to Top of Final Cover):

Gross Capacity Used (CY) = 323,132 (Top of Protective Cover to June 14, 2013 Topo.)
(Determined as Permitted Capacity - Gross Capacity Remaining)

Waste Disposed (Tons) = 151,988 (Per Site Records 7/18/2007 through 6/14/2013)

Gross Capacity Remaining (Top of Protective Cover to Top of Final Cover):

Volume From AutoCAD (CY) = 87,544 (Compared with June 14, 2013 Topo.)
(= Gross Capacity Remaining)

Net (Waste) Capacity Remaining:

Adjustment For Other Layers: (Subtract from Above)
Area of Final Cover (Ac.) = 5.7 (Partial Final Cover included in Gross Capacity)

2 feet Vegetative Soil Layer (CY) = (18,392)

Sum (CY) = (18,392)

Volume of Waste and Periodic Cover (CY) = 69,152

Volume of Periodic Cover (CY) = (6,915)

Net (Waste) Capacity Remaining (CY) = 62,237

Net (Waste) Capacity Remaining (Tons) = 31,118

Life Expectancy Calculations:

Landfill Life Expectancy (Low Disposal Rate) (Years) = 1.6 Based on 20,000 Tons per Year

Landfill Life Expectancy (High Disposal Rate) (Years) = 0.8 Based on 40,000 Tons per Year

Johnston County C&D Landfill 11/22
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Waste & Periodic Cover Parameters:

Waste Density (PCY) = 1,200 (Assumed)
Waste Density (TCY) = 0.60

Percentage of Periodic Cover = 10

Volume Calculations:

Gross Capacity (Cell 1/Cell 2 Protective Cover to Top of Final Cover):

Volume From AutoCAD (CY) = 462,658 (Compared with Cell 1 Fill Grades)
(= Gross Capacity)

Net (Waste) Capacity:

Adjustment For Other Layers: (Subtract from Above)
Area of Final Cover (Ac.) = 10.1 (Partial Final Cover included in Gross Capacity)

2 feet Vegetative Soil Layer (CY) = (32,589)

Sum (CY) = (32,589)

Volume of Waste and Periodic Cover (CY) = 430,069

Volume of Periodic Cover (CY) = (43,007)

Net (Waste) Capacity (CY) = 387,062

Net (Waste) Capacity (Tons) = 232,237

Life Expectancy Calculations:

Landfill Life Expectancy (Low Disposal Rate) (Years) = 11.6 Based on 20,000 Tons per Year

Landfill Life Expectancy (High Disposal Rate) (Years) = 5.8 Based on 40,000 Tons per Year

Johnston County C&D Landfill 12/22
JOHNSTON-13-4

Capacity Evaluation - Area 2 - Cell 2 12/6/2013
PKS

SMITH GARDNER, INC. C&D - Area 2 - Cell 2 JC CAPACITY LF DENSITY & LIFE 2013.xls
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ADDRESS TEL WEB

PROJECT SHEET 1 OF 4 DATE
COMPUTED BY

SUBJECT JOB # CHECKED BY

OBJECTIVE:

ANALYSIS:

PKS
Earthwork Quantities JOHNSTON-13-4

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.

To determine the earthwork and related material quantities associated with the construction and operation 
of the landfill.

14 N. Boylan Avenue, Raleigh, NC 27603 919.828.0577 www.smithgardnerinc.com

Johnston County Landfill 12/1/2013

SMITH GARDNER, INC. EARTHWORK SG.xls



PROJECT SHEET 2/4
JOB # JOHNSTON-13-4
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COMPUTED BY PKS

CHECKED BY

Area

(Acres) Cut (CY) Fill (CY)

----- ----- ----- ----- 89,877 -----

----- ----- ----- ----- 103,537 94,864

19.2 ----- ----- ----- ----- ----- 61,952

21.1 279,493 55,613 51,062 68,083 206,043 68,083

19.8 222,037 85,202 47,916 63,888 258,041 63,888

25.2 242,630 105,976 60,984 81,312 263,856 81,312

22.5 68,999 178,758 54,450 72,600 990,298 72,600

17.5 151,736 21,326 42,350 56,467 445,423 56,467

11.9 ----- ----- ----- ----- 6,915 -----

3.9 0 3,436 6,292 12,584 43,007 50,981

170.5 964,895 450,311 263,054 354,933 2,406,997 550,147

On-Site On-Site On/Off-Site On-Site On-Site On-Site

(3,060,547)

MSW Phase 8

MSW Phase 9

29.4

Vegetative Soil 
Layer (CY)

MSW Phase 4A F.S. 1 
Remaining

MSW Phase 4A F.S. 2

MSW Phase 10

C&D Area 2 - Cell 1 
Remaining

Johnston County Landfill

Earthwork Quantities - Summary

Landfill Unit
General Earthwork

Soil Liner (CY)

C&D Area 2 - Cell 2

Totals (CY) =

Location (On-Site/Off-Site):

On-Site Soil Balance  (CY) =

Periodic Cover 
(CY)

LCS/Pro. Cover 
(CY)

MSW Phase 5

MSW Phase 6

MSW Phase 7

SMITH GARDNER, INC. Summary EARTHWORK SG.xls
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