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G.N. RICHARDSON & ASSOCIATES

May 19, 2006

Ms. Toni Wyche, Environmental Engineer II
NC DENR - Division of Waste Management
401 Oberlin Road, Suite 150

Raleigh, NC 27605

RE:  Johnston County Landfill (Permit No. 51-03)
C&D Landfill - Area 2
Edits to Permit to Construct Application

Dear Toni:

Per our conversation, G.N. Richardson & Associates, Inc. (GNRA) would like to submit the followmg
edits to the permit to construct application for the Area 2 C&D landfill unit:

Attachment A: Facility and Engineering Plan

1. Section 2.2.3.2 (Maximum Disposal Rates):

Revised this section to reflect the wording in the local government approval (see Appendix B).
Also, deleted Table 2.1C (Projected Maximum MSW Tonnages) as this information is
summarized in the revised text.

2. Section 2.2.4 (Service Area):

Revised this section to reflect the wording in the local government approval (see Appendix B).

3, Capacity and Volume Information:

Revised Tables 2.2B, 2.3, 2.6, and 2.8 to reflect minor capacity and earthwork quantity changes
due to the revised grading plans prepared and submitted in March 2006. The respective
calculations in Appendix A were also revised.

Attached is a revised copy of the Facility and Engineering Plan up through Appendix A (Appendix B
remains the same). Please replace the applicable text in your copy.

Attachment D: Operations Manual

1. Section 3.3.3 (Leachate Quality Sampling):

Revised section to include sampling the Area 2 C&D landfill unit at the side risers (Note that
Detail 4/ M2 of the permit drawings shows the location of the sampling port.).

Attached is a revised copy of the Operations Manual text (All Appendices remain the same). Please
replace the applicable text in your copy.

14 N. BOYLAN AVENUE ¢ RALEIGH, NC 27603 ¢ TEL.919-828-0577 ¢ FAX919-828-3899 « WWW.GNRA.COM



Ms. Toni Wyche
May 19, 2006
Page 2

Should you have any questions or comments on this submittal, please contact me at your earliest
convenience.

Sincerely,
G.N. Richardson & Associates, Inc.

Pieter K. Scheer, P.E.
Project Manager

Aftachments: Revised Facility and Engineering Plan (through Appendix A)
Revised Operations Manual (Text Only)

cc; Johnston County (x2)
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March 8, 2006

Ms. Ellen Lorscheider

NCDENR - Division of Solid Waste Management
Solid Waste Section e

1646 Mail Service Center AR © 9 2006
Raleigh, NC 27699-1646 .

RE: Permit Application Additions
Johnston County Proposed C&D Landfill
Smithfield, North Carolina

Dear Ms. Lorscheider:

Per our recent discussions, | am forwarding the following items to be included in the
previously submitted permit application for the above referenced site.

1) Geotechnical laboratory data of consolidation analysis.
2) Documentation of Local Government Approval

3) A revised Figure 1 from Attachment D, indicating that no irrigation will occur on the
Phase 3 MSW landfill.

Johnston County personnel have continued to collect water levels in the proposed
landfill area and by our tabulation the January 2005 data contains the most wells with
the highest water levels detected thus far. Although February data is slightly lower than
the January data, we are awaiting the March data to complete the spring time water
level analysis and finalize the landfill subgrade based upon the highest water levels
detected. Upon receipt of the March data, and completion of the revised subgrade we
will submit revised potentiometric surface data and design information.

If you have any questions, please contact me at your earliest convenence.

Sincerely,
G. N. Richardson and Associates, inc.

(o O Szt

Joan A. Smyth, P.G.
Project Hydrogeologist

CC: Tim Broome, P.E. - Johnston County
Haywood Phthisic - Johnston County
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EXECUTIVE SUMMARY
GENERAL

The following is a Permit to Construct Application submitted on behalf of Johnston County for
construction of the Area 2 construction and demolition debris (C&D) disposal unit at the
County's existing landfill facility. Area 2 will be a lined landfill unit located adjacent to and east
of the closed Phase 3 municipal solid waste (MSW) landfill unit in a former borrow area. A
portion of Area 2 will overlie (piggyback) the Phase 3 side slopes. It is the intent of Johnston
County to proceed with the construction of Area 2 in spring 2006. Johnston County anticipates
that it will run out of space in the existing Area 1 disposal unit (a vertical expansion on the
closed Phase 4 MSW landfill unit) by 2007.

The proposed Area 2, which includes Cells 1 and 2, will occupy approximately 15.8 acres
(lined). At the projected gate rates as described in the Facility and Engineering Plan
(Attachment A), Cell 1 of Area 2 has been designed for approximately 6 years of disposal
volume.

Area 2 will have a liner system consisting of the following components (bottom-up):

Type 1:

. a 12 inch thick compacted soil liner with a permeability of no more than 1
x 10° cm/sec.;

. a 40 mil LLDPE geomembrane liner; and

. a leachate collection system (LCS).
OR

Type 2:

. a 12 inch thick layer of structural fill (no permeability criteria);

. a geosynthetic clay liner (GCL);

. a 40 mil LLDPE geomembrane liner; and

. a LCS.

Leachate generated from Area 2 will be collected in a sump located at the northwest side of the
disposal unit. From the sump, the leachate will be pumped using side riser pumps and a
forcemain to the existing leachate storage lagoon located to the northwest end of the facility.

This document also provides a conceptual design for all future MSW and C&D landfill units
currently planned for development. The disposal volumes and estimated life expectancy of these
future landfill units are given in the Facility and Engineering Plan,

Johnston County C&D Landfill - Area 2 Permit To Construct Application
October 2005 EXECUTIVE SUMMARY Page ES-1



REGULATORY REFERENCES

This submittal has been prepared in accordance with the requirements of the North Carolina
Solid Waste Management Rules (C&D: 15SA NCAC 13B.0500; MSW: 15A NCAC 13B.1600)
and the North Carolina Sedimentation Control Rules (15A NCAC 4) which are enforced by the
Division of Waste Management (DWM) and the Division of Land Quality, respectively, of the
North Carolina Department of Environment and Natural Resources. Included in this submittal
are the following documents:

Facility and Engineering Plan;

Technical Specifications;

Construction Quality Assurance (CQA) Manual,

Operations Manual;

Erosion and Sedimentation Control Plan;

Slope Stability, Settlement, and Bearing Capacity Evaluation;
Project Drawings; and

Design Hydrogeologic Report.

Johnston County C&D Landfill - Area 2 Permit To Construct Application
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SECTION 1.0
INTRODUCTION

1.1 OVERVIEW

The Johnston County Landfill facility is located on County Home Road off Highway 210 near
Smithfield, North Carolina and operates under NC Solid Waste Permit 51-03. The landfill
facility includes an active + 22 acre Subtitle D municipal solid waste (MSW) landfill (Phase 4A -
Cells 1 & 2}, a separate active construction and demolition debris (C&D) landfill unit (Area 1), a
landfill office, scales and scalehouse, a citizen’s convenience center, and a yard waste processing
area.

Based on current projections, the active C&D landfill unit (Area 1), which is a vertical expansion
over the closed unlined Phase 4 MSW landfill unit, is expected to remain in operation until 2007.
Once Area | has reached capacity, the County will need to move operations to a new unit (Area
2) constructed to the east and partially overlying the closed unlined Phase 3 MSW landfill unit.

It 1s the intent of Johnston County to proceed with the construction of Area 2 in spring 2006.

The purpose of this Facility and Engineering Plan is to present the plans for the development of
the Area 2 C&D landfill unit. Specifically, the detailed design of Area 2 - Cell 1 is presented
herein.

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 currently
proposed Area 2 C&D landfill unit as well as planned future MSW 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 disposal unit, respectively.

1.2  SITE DESCRIPTION

The Area 2 site is situated within the currently approved facility boundary, which consists of
approximately 500 acres. Existing conditions are shown on Drawing S1 of the Project Drawings
(Attachment G to the Permit to Construct Application).

The proposed Area 2 C&D landfill unit will occupy approximately 15.8 acres (lined). At the
projected gate rates described in Section 2.0 (Facility Report), Area 2 has been designed for
approximately 11 years of disposal volume (Cell 1 has a life expectancy of approximately 6
years). In that Area 2 will partially overlie the closed Phase 3 MSW landfill unit, the Area 2
landfill unit has been designed to meet current DWM setback and horizontal buffer requirements
for MSW landfills: 300 feet from property lines; 500 feet from residences or active water wells.

Johnston County C&D Landfill - Area 2 Facility And Engineering Plan
October 2005 INTRODUCTION Page 1.0-1



SECTION 2.0
FACILITY REPORT

2.1 OVERVIEW

This section presents a plan for the development of the Area 2 C&D landfill unit of the Johnston
County Landfill facility. In that the presently approved Facility Plan is being modified with this
application, this report has been prepared in accordance with the requirements of Rule .1619 of
the North Carolina Solid Waste Management Regulations.

2.2 FACILITY SERVICES AND WASTE STREAM

2.2.1 Facility Services

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

. Scales and scale house facilities
. Administrative offices

. Maintenance building

. Convenience center

. Lined municipal solid waste (MSW) landfill - (Phase 4A - Cells 1&2)
(NC Permit No. 51-03)

. Construction and demolition debris (C&D) landfill - (Area 1)
(NC Permit No. 51-03).

The following facilities are proposed for the facility:

. C&D landfill - Area 2
. Lined MSW landfill - Phase 4A - Cell 3 and Phases 6-10.

2.2.2 Types of Waste

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

2.2.3 Disposal Rates and Estimated Variances

2.2.3.1 Projected County Disposal Rates

Based on the 2004-2005 Solid Waste Management Annual Report information
provided by the County, the landfill accepted 108,751 tons of MSW and 31,233
tons of C&D waste from 7/1/04 to 6/30/05 (MSW: average 9,063 tons per month

Johnston County C&D Landfill - Area 2 Facility And Engineering Plan
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or 349 tons per day based on 312 operating days per year; C&D: average 2,603
tons per month or 100 tons per day based on 312 operating days per year). The
population served during this time period was estimated as 145,968 which
translates to 0.75 tons/person/year of MSW and 0.21 tons/person/year of C&D
waste being disposed of at the landfill.

Based on the anticipated population figures and increases projected through 2030
from the NC Demographics Unit and the current per capita disposal rate, Table
2.1A and Table 2.1B give the projected annual and monthly tonnages to be
disposed of at the Johnston County Landfill facility (in-County waste only) for
MSW and C&D waste, respectively. Note that monthly variances shown in the
tables are based on County records which indicate that the maximum anticipated
monthly variance is about plus or minus 20 percent from average. Also note that
population figures after 2030 are based on an assumed constant percentage
increase from 2030 onward.

2.2.3.2 Maximum Disposal Rates

Based upon the projected in-County disposal rates shown in Tables 2.1A and
2.1B and the maximum out-of-County disposal rate stated below, the landfill
facility will accept waste at the following maximum rates (tons/day is based on
312 operating days per year):

2006-2015 350,000 tons/year (1,122 tons/day)
2016-2025 401,000 tons/year (1,285 tons/day)
2026-2035 452,000 tons/year (1,449 tons/day)
2036-2045 505,000 tons/year (1,619 tons/day)
2046-2055 568,000 tons/year (1,821 tons/day)

Of the rates shown, a maximum of 156,000 tons/year (500 tons/day) will be from
outside the County.

2.2.4 Service Area
The landfill serves the State of North Carolina.

2.2.5 Procedures for Waste Sepregation

Procedures for waste segregation at the proposed landfill will be similar to existing
operations. A brief description of planned procedures is as follows.

Wastes are segregated at the scales. Operators at the scalehouse are trained to classify
and segregate the waste stream. MSW and C&D wastes are directed to the active MSW
or C&D landfill unit. Yard wastes are directed toward the yard waste processing area.
Tires and white goods are stockpiled temporarily for disposal by private recycling

Johnston County C&D Landfill - Area 2 Facility And Engineering Plan
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contractors. directed to the white goods processing area. Small loads and recyclables are
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 is 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 is rejected
and not permitted into the facility. If hazardous waste is found at the tipping area,
identification of the truck or persons is made (if possible) and documented, then the
hazardous waste is identified and placed in a hazardous waste container and taken to a
designated hazardous waste staging area for proper disposal. If this occurs, the event is
reported to the appropriate authorities.

2.2.6 Equipment Requirements

The equipment required for operation and maintenance of the proposed landfill units are
anticipated to be the same as or similar to those currently used at the facility.

23 LANDFILL CAPACITY

2.3.1 Total Operating Capacity and Life Expectancy

2.3.1.1 MSW Landfill Units

Drawing S2 (Site Development Plan - Base Grades) and Drawing S3 (Site
Development Plan - Final Cover Grades), show conceptual subgrade and final
cover grades for the development of Phases 4A and 6 through 10. The final cover
side slopes will be at a 4H to 1V slope, then transition at flatter slopes (5 - 8%) to
the peak elevations.

2.3.1.2 C&D Landfill Units

Drawing S2 (Site Development Plan - Base Grades) identifies the conceptual
subgrade grades for the development of Area 2. Drawing S3 (Site Development
Plan - Final Cover Grades), identifies the final configuration of Areas 1 and 2.
The final cover side slopes will be at a 4H to 1V slope, then transition at flatter
slopes (5 - 8%) to the peak elevations.

The estimated total gross and net operating capacities, life expectancies, and areas of
existing and planned MSW and C&D landfill units are shown in Tables 2.2A and 2.2B,
respectively. Note that the approximate total capacities and waste footprint areas for
closed unlined MSW landfill units are also shown in Table 2.2A. The net capacity for
waste and corresponding life expectancy of each disposal area accounts for daily and
intermediate cover and/or final cover. For MSW landfill units, a range of life
expectancies are given to cover projected County-only tonnages (longer life expectancy)

Johnston County C&D Landfill - Area 2 Facility And Engineering Plan
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through the maximum disposal rates given in Section 2.2.3.2 (shorter life expectancy).
For C&D landfill units, a range of life expectancies are given to cover projected County-
only tonnages (longer life expectancy) through projected County-only tonnages plus the
anticipated 20% variance (shorter life expectancy).

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

2.3.2.1 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 based on past analyses of waste density adjusted
upward for increased waste heights. A compaction factor of 1,400 pcy was
assumed for areas with the greatest height (i.e. Phase 4A - Cell 3, Phase 9, and
Phase 10).

2.3.2.2 C&D Landfill Units

The capacities obtained above were based on a 10 percent periodic cover ratio and
a compaction factor of 1,200 pounds per cubic yard. The assumed periodic cover
ratio is typical for C&D landfills. The assumed compaction factor is based on a
recent analysis of waste density in Area 1.

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.

24  AVAILABLE SOIL RESOURCES AND REQUIRED SOIL QUANTITIES

24.1 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,
compacted soil liner, and/or general fill. These excavation (cut) and structural fill (fill)
volumes are shown in Table 2.3.

2.4.2 Sqil Liner

The soil required for the soil liner will be on-site or imported soils. The in-place volume
required for each landfill unit is shown in Table 2.4.
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2.5

24.3 Leachate Collection System (L.CS) 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 disposal area is shown in Table 2.5. A portion of
this volume will consist of aggregate, which will come from off-site sources.

2.4.4 Daily and Intermediate Cover

Assuming the previously mentioned periodic cover ratios, the required in-place volume
for use as daily and intermediate cover during landfill operations is shown in Table 2.6.

2.4.5 Vegetative Soil Layer

On the basis of the 2 foot thick vegetative soil layer required for the landfill final cover
the in-place volume required for each landfill unit is shown in Table 2.7.

>

2.4.6 Soil Summary
The above on-site and off-site soil quantities are summarized in Table 2.8, Note that,

based on the proposed base grades, long-term there is a soil deficit, which will be made
up from off-site sources.

FACILITY DESIGN CRITERIA

2.5.1 MSW Landfill Units

The Johnston County MSW landfill base liner and final cover systems will be constructed
in accordance with Section .1624 (b)(8)(9) of the North Carolina Administrative Code,
Title 15A, Chapter 13, Subchapter 13B including the following requirements.

2.5.1.1 Horizontal Separation Requirements

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

2.5.1.2 Vertical Separation Requirements

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

Johnston County C&D Landfill - Area 2
October 2005 (Rev. May 2006)
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2.5.2 C&D Landfill Units

The Johnston County C&D landfill is designed and operates in accordance with Sections
0503 and .0505 of the North Carolina Administrative Code, Titte 15A, Chapter 13,
Subchapter 13B including the following requirements.

2.5.2.1 Horizontal Separation Requirements

The horizontal separation requirement between the disposal boundary (edge of
waste) and the property lines is a minimum of 50 feet (actually > 100 feet per
Solid Waste Section policy), 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. In that
Area 2 will partially overlie the closed Phase 3 MSW landfill unit, the Area 2
landfill unit has been designed to meet current DWM setback and horizontal
buffer requirements for MSW landfills (see above)

2.5.2.2 Vertical Separation Requirements

The Area 2 subgrade has been designed to meet the minimum requirement of four
feet above the seasonal high groundwater table {State rules) and bedrock (Solid
Waste Section policy).

2.6 CONTAINMENT AND ENVIRONMENTAL CONTROL SYSTEMS

Technical specifications and construction quality assurance requirements for the materials used
in the Area 2 construction can be found in Attachments B and C, respectively. Geosynthetics
used in the Area 2 construction are discussed in greater detail in Section 3.0 (Geosynthetics
Design) of this document.

2.6.1 Landfill Subgrade and Perimeter Berms

The landfill subgrade elevations for lined landfill units have been designed for minimum
post-settlement slopes of 2 percent (INCAC .1624(b}(7)). The subgrade elevations will be
achieved by excavation or placement of compacted structural fill (embankment). During
excavation, a determination of unsuitable soils (i.e. soils which are too soft, wet, or
organic) will be made. Where unsuitable soils are found, the soils will be undercut and
backfilled with structural fill. Some areas may also require placement of a bridge lift
prior to placement of 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.

Johnston County C&D Landfill - Area 2 Facility And Engineering Plan
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2.6.2 Base Liner System

The following is a general discussion of the base liner systems for MSW landfill units
and Iined C&D landfill units. The specific design requirements are discussed in the
permit applications for each individual unit.

2.6.2.1 MSW Landfill Units

The base liner areas for Phase 4A - Cell 3, and Phases 6-10 are shown on
Drawing S2 (Site Development Plan - Base Grades). The base liner will consist
of either a standard composite liner system or an alternative liner system as
allowed under North Carolina regulations. The components of this liner system
will consist of the following components (bottom-up):

Standard Liner System - Phases 6-10:

. a 24 inch thick compacted soil liner with a permeability of no more
than 1 x 107 c/sec.;

. a 60 mil HDPE geomembrane liner; and

. a leachate collection system (LCS) consisting of natural and/or

geosynthetic drainage media and collection piping.
OR

Alternative Liner System - Phase 44 - Cell 3:

. a 40 mil LLDPE geomembrane liner;

. a drainage geocomposite (leak detection system),

. a geosynthetic clay liner (GCL);

. a 60 mil HDPE geomembrane liner; and

. a LCS (components as listed above for the standard liner system).

Alternative Liner System - Phases 6-10:

. an 18 inch thick compacted soil liner with a permeability of no
more than 1 x 10? ecm/sec.;

. geosynthetic clay liner (GCL),

. a 60 mil HDPE geomembrane liner; and

. a LCS (components as listed above for the standard liner system).

2.6.2.2 Lined C&D Landfill Units

The base liner area for Area 2 is shown on Drawing S5 (Area 2 - Composite
Liner Grading and Leachate Collection System Plan). Area 2 will have a liner
system consisting of the following components (bottom-up):

Johnston County C&D Landfill - Area 2 Facility And Engincering Plan
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Type 1:

. a 12 inch thick compacted soil liner with a permeability of no more
than 1 x 10° cm/sec.;

. a 40 mil LLDPE geomembrane liner; and

. a Jeachate collection system (LCS) consisting of:

Base and Side Slopes:

. a drainage geocomposite;
. a system of collection pipes and gravel columns.
OR
Type 2:
. a 12 inch thick layer of structural fill (no permeability criteria);
. a geosynthetic clay liner (GCL);
. a 40 mil LLDPE geomembrane liner; and
. a LCS (components as listed above for the Type 1 liner system).

The compacted soil liner (if used) will consist of compacted on-site or imported borrow
soils. The compacted soil liner will be placed and compacted in 6 inch lifts to achieve the
required permeability and strength requirements.

The GCL (if used) will consist of a layer of sodium bentonite bonded between two
geotextiles. The GCL will provide a maximum hydrated permeability of 5 x 10 cm/sec.

The geomembrane components of the liner systems will consist of a 40 mil thick Linear
Low Density Polyethylene (LLDPE) synthetic liner (Phase 4A - secondary geomembrane;
Area 2 - primary geomembrane) and/or a 60 mil thick High Density Polyethylene (HDPE)
synthetic liner (Phase 4A and Phases 6-10 - primary geomembrane). These
geomembranes will be installed by a qualified contractor.

For the Area 2 C&D landfill unit, all geosynthetics have been selected to comply with the
performance requirements identified in Section 3.0 (Geosynthetics Design) as well as the
Specifications presented in Attachment B.

Note that, for the purposes of this report and the calculations of volumes, the above listed
Type 1 liner (Area 2 C&D) and alternative liner system (Phase 4A - Cell 3 and Phases 6-
10) have been assumed. It is possible that a different alternative liner system will be
proposed at a future date for future areas.

2.6.3 Leachate Collection System (I.CS)

The LCS will be constructed directly above the geomembrane on both the base and side
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slopes of the landfill. Components of the LCS will be as listed above (see Section 2.6.2).
The LCS functions to collect leachate as quickly as is practical and to conduct the fluid
out of the landfill via the sumps. The goal of the LCS is to minimize the hydraulic head
acting on the liner, thereby reducing the leak potential. For the Area 2 C&D landfill unit,
a detailed discussion of the LCS can be found in Section 4.0 (Leachate Management
System Design).

2.6.4 Protective Cover

A protective cover layer of soil or stone may be used as the upper component of the LCS.
For the Area 2 C&D landfill unit, 24 inches of protective cover soil will be placed over
the drainage geocomposite. Where soil is used, a separator/filter geotextile is required
between drainage aggregate and the soil.

2.6.5 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 lagoon.
Precipitation that falls in areas where it does not contact waste, such as within inactive
areas, does not have to be treated as leachate. This fraction of the precipitation is treated
as stormwater - that is, treated for removal of sediment only.

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

2.6.6 Final Cover System

As a minimum, the components of the final cover system (bottom up} will consist of a 6
to 12 inch foundation layer (daily or intermediate cover), 30 mil textured LLDPE
geomeimbrane, drainage geocomposite (pore pressure reduction), and a 24 inch thick
vegetative soil layer which includes a 6 inch thick topsoil layer. For the MSW landfill
units, this system differs from the standard regulatory final cover in that an 18 inch layer
of 1 x 10 cim/sec soil below the geomembrane is removed and the drainage
geocomposite is added above the geomembrane. The addition of the drainage
geocomposite reduces head on the geomembrane for both reduced infiltration through the
geomembrane and increased stability of the overlying soil veneer.
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For the Area 2 C&D landfill unit, a detailed discussion of final cover system design can
be found in Section 5.0 (Final Cover System Design).

2.6.7 Erosion and Sedimentation Control

Erosion and sedimentation control structures provided will be designed and maintained to
manage the run-off generated by the 24-hour, 25-year storm event, and conform to the

requirements of the North Carolina Sedimentation Pollution Control Law (15A, NCAC,
4).

For the Area 2 C&D landfill unit, a detailed discussion of site erosion and sedimentation
control can be found in the Project Erosion And Sedimentation Control Plan
(Attachment E).

2.6.8 Landfill Gas Control
2.6.8.1 MSW Landfill Units

Landfill gas (LFG) control will consist of a series of vertical wells and/or collector
trenches which are connected to passive vents or utility flares or to an active gas
extraction system. The selected system will be designed to limit the gas pressures
on the final cover geosynthetics.

Note that the volume of waste projected in the Phase 4A - Cell 3 unit will cause
the total volume of MSW waste at the facility to exceed the 2.75 million ton
threshold of the EPA’s New Source Performance Standards (NSPS) on landfill
gas emissions and will, therefore, bring this facility under these guidelines. In
accordance with State requirements, a Title V air quality permit application will
be made once the Phase 4A - Cell 3 unit receives its Permit to Operate. The final
design will be made as part of the required Collection and Control System Design
Plan.

2.6.8.2 C&D Landfill Units

For the Area 1 C&D landfill unit, which overlies the ciosed unlined Phase 4 MSW
landfill unit, LFG control will consist of a series of vertical wells and/or collector
trenches which are connected to passive vents or utility flares or to an active gas
extraction system. The selected system will be designed to limit the gas pressures
on the final cover geosynthetics. Likewise, a series of collector trenches has been
designed to be placed under the portion of the Area 2 C&D landfill unit which
overlies the Phase 3 unlined MSW landfill unit. Due to the limited amount of
LFG expected from the C&D waste, no LFG control features are planned as part
of the Area 2 final cover system.

Also refer to the facility Operations Manual (Attachment D) for a discussion of LFG
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monitoring and record keeping requirements.

2.6.9 Access and Roadways

The site has been designed to provide all-weather access to active areas as well as areas
under intermediate cover. Access ramps into the lined areas will be provided where
necessary.

2.7  SLOPE STABILITY AND SETTLEMENT

The slope stability of the overall waste mass and perimeter berms, the protective cover veneer,
and the final cover veneer, as well as estimates of foundation settlement are addressed in
Attachment F. Slope stability analyses indicated that the proposed Area 2 landfill configuration
will be stable. Veneer stability analyses on the liner system side slopes and final cover showed
that for maximum slopes, these areas will be stable.

2.8 LEACHATE MANAGEMENT

The general leachate management system includes the collection, storage, treatment (if required),
and disposal of the leachate generated. The collection and transmission of leachate to the on-site
storage lagoon will be as described above. From the storage lagoon, the leachate will be pumped
via force main on a regular basis to a local wastewater treatment plant (WWTP) for disposal.
Pretreatment, if required, will be employed on-site to meet the standards for disposal into the
WWTP.

For the Area 2 C&D landfill unit, a detailed discussion of the leachate management system,
including anticipated leachate volumes, can be found in Section 4.0 (Leachate Management
System Design).

2.9  SPECIAL ENGINEERING FEATURES

Special engineering features proposed for Area 2 includes an alternative liner system.

2.9.1 AMlernative Liner Systems

Alternative liner systems, as described above, are proposed for use at the facility due to
the lack of 1 x 10”7 cm/sec soil on-site.
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TABLE 2.1A
PROJECTED (COUNTY-ONLY) MSW TONNAGES

Year Population Projected Annual Projected Average Projected Monthly
MSW Tonnage Monthly MSW Variance (+ 20%)
Tonnage
2005 145,968 108,751 9,063 7,250 - 10,875
2006 150,557 112,169 9,347 7,478 - 11,217
2007 155,226 115,648 9,637 7,710 - 11,565
2008 159,970 119,182 9,932 7,945 - 11,918
2009 164,801 122,782 10,232 $,185-12,278
2010 169,566 126,332 10,528 8,422 - 12,633
2011 173,978 129,619 10,802 8,641 - 12,962
2012 178,498 132,986 11,082 8,866 - 13,299
2013 183,133 136,440 11,370 9,096 - 13,644
2014 187,923 140,008 11,667 9,334 - 14,001
2015 192,811 143,650 11,971 9,577 - 14,365
| 2016 197,748 147,328 12,277 9,822 - 14,733
2017 202,850 151,129 12,594 10,075 - 15,113
2018 208,113 153,050 12,921 10,337 - 15,503
2019 213,560 159,109 13,259 10,607 - 15,911
| 2020 218,946 163,121 13,503 10,875 - 16,312
" 2021 223,754 166,703 13,892 11,114 - 16,670
|| 2022 228,689 170,380 14,198 11,359 - 17,038
2023 233,760 174,158 14,513 11,611 -17,416
2024 239,003 178,064 14,839 11,871 - 17,806
2025 | 244,330 182,033 15,169 12,136 - 18,203
2026 249,653 185,999 15,500 12,400 - 18,600
2027 255,141 190,088 15,841 12,673 - 19,009
2028 260,783 194,291 16,191 12,953 - 19,429
2029 266,606 198,629 16,552 13,242 - 19,863
2030 271,075 201,959 16,330 13,464 - 20,196
Johnston County C&D Landfill - Area 2 Facility And Engineering Plan
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Year Population Projected Annual Projected Average Projected Monthly
MSW Tonnage Monthly MSW Variance (+ 20%)
Tonnage
2031 275,619 205,344 17,112 13,690 - 20,534
2032 280,239 208,786 17,399 13,919 - 20,879
2033 284,937 212,286 17,691 14,152 - 21,229
2034 289,713 215,845 17,987 14,390 - 21,584
2035 204,569 219,463 18,289 14,631 - 21,946
2036 299,507 223,142 18,595 14,876 - 22,314
2037 304,527 226,882 18,907 15,125 - 22,688
2038 309,632 230,685 19,224 15,379 - 23,069
2039 314,822 234,552 i 19,546 15,637 - 23,455
2040 320,099 238,484 19,874 15,899 - 23,848
2041 325,465 242,481 20,207 16,165 - 24,248
2042 330,921 246,546 20,545 16,436 - 24,655
2043 336,468 250,679 20,890 16,712 - 25,068
2044 342,108 254,881 21,240 16,992 - 25,488
2045 347,843 259,153 21,596 17,277 - 25,815
2046 353,673 263,497 21,958 17,566 - 26,350
2047 359,602 267,914 22,326 17,861 - 26,791
2048 365,630 272,405 22,700 18,160 - 27,241
2049 371,758 276,971 23,081 18,465 - 27,697
2050 377,990 281,614 23,468 18,774 - 28,161
2051 384,326 286,335 23,861 19,089 - 28,663
2052 390,768 291,134 24,261 15,409 - 29,113
2053 397,319 296,014 24,668 19,734 - 29,601
5054 403,979 300,976 25,081 20,065 - 30,098
2055 410,751 306,021 25,502 20,401 - 30,602
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TABLE 2.1B
PROJECTED (COUNTY-ONLY) C&D TONNAGES

Year Population Projected Annual Projected Average Projected Monthly
C&D Tonnage Monthly C&D Variance (+ 20%)
Tonnage
2005 145,968 31,233 2,603 2,082-3,123
2006 150,557 32,215 2,685 2,148 - 3,221
2007 155,226 33,214 2,768 2,214 -3,321
2008 159,970 31,229 2,852 2,282 -3,423
2009 164,801 35,262 2,939 2,351-3,526
2010 169,566 36,282 3,024 2,419 - 3,623
2011 173,978 37,226 3,102 2,482 -3.723
2012 178,498 38,193 3,183 2,546- 3,819
2013 183,133 ) 39,185 3,265 2,612-3918
2014 187,923 40,210 3,351 2,681 - 4,021 .
2015 192 811 41,256 3,438 2,750 - 4,126
2016 197,748 42,312 3,526 2,821 -4231
2017 202,350 43,404 3,617 2,894 - 4,340
" 2018 208,113 44,530 3,711 2,969 - 4,453
2019 213,560 45,695 3,808 3,046 - 4,570
2020 218,946 46,348 3,904 3,123 - 4,685
2021 223,754 47,877 3,990 3,192 - 4,788
2022 228,689 48,933 4,078 3,262 - 4,893
2023 233,760 50,018 4,168 3,335-5,002
2024 239,003 51,139 4,262 3,409-5,114
2025 244,330 52,279 4,357 3,485-5,228
2026 249,653 33,418 4,452 3,561-5,342
2027 255,141 54,593 4,549 3,640 - 5,459
2028 260,783 55,800 4,650 3,720 - 5,580
2029 266,606 57,046 4,754 3,803 - 5,705
2030 271,075 58,002 4,833 3,867 - 5,800
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TABLE 2.2A
TOTAL OPERATING CAPACITY AND LIFE EXPECTANCY - MSW LANDFILL UNITS

Landfill Unit Area Gross Capacity | Net (Waste) Capacity Life Expectancy
{Acres) (CY) (CY/Tons) (Years)
Unlined Landfill Units

Phase 1/2 22.1 732,363 495,790 CY Closed
297,474 Tons

Phase 3 254 1,174,139 819,136 CY Closed
491,482 Tons

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

Lined (Subtitle D) Landfill Units
Phase 5 19.2 1,087,199 884,625 CY Inactive
514,181 Tons
Phase 4A 22.0 1,086,783 923,766 CY 1.6-2.6'
{Cells 1&2) 521,078 Tons
Phase 4A 7.4 1,426,682 1,117,815 CY 2.8-6.1
(Cell 3) 782,471 Tons
Phase 6 21.1 1,402,016 1,163,319 CY 25-48
697,992 Tons
Phase 7 19.8 1,758,991 1,456,422 CY 30-53
873,853 Tons
Phase 8 25.2 1,844,867 1,482,308 CY 29-48
889,385 Tons
Phase 9 22.5 6,684,914 5,599,252 CY 11.8-17.2
3,919,476 Tons
Phase 10 17.5 3,075,968 2,508,093 CY 48-55

Notes:

1. Life expectancies for the active Phase 4A - Cells 1 & 2 shown above is from 3/21/05.
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TABLE 2.2B
TOTAL OPERATING CAPACITY AND LIFE EXPECTANCY - C&D LANDFILL UNITS

Landfill Unit Area Gross Capacity | Net (Waste) Capacity Life Expectancy
(Acres) (CY) (CY/Tons) (Years)
Areca | 16.2 572,734 479,645 CY 2.0-241
289,285 Tons
Area2 -Cell 1 11.3 451,611 380897 CY 55-64
233,938 Tons
Arca 2 -Cell 2 4.5 462,658 387,062 CY 46-53
: 232,237 Tons
I P R oo
Notes:
1. Life expectancy for the active Area 1 unit shown above is from 3/21/05.
TABLE 2.3
GENERAL EARTHWORK QUANTITIES
Landfill Unit' Cut (CY) Fill (CY)
MSW Landfill Units
4A-Cell 3 362 3,275
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 44,610 77,952 “
Notes:
1. Includes site roads and infrastructure.
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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 & 60,984
Phase 9 54,450
Phase 10 42.350
C&D Landfill Units
Area 2! 25,491
Notes:
1. Or structural fill layer.
TABLE 2.5
LEACHATE COLLECTION SYSTEM/PROTECTIVE COVER QUANTITIES
Landfill Unit Required Volume (CY)
MSW Landfill Units
4A - Cell 3 23,877
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
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TABLE 2.6
DAILY AND INTERMEDIATE COVER QUANTITIES

Landfill Unit Required Volume (CY)
MSW Landfill Units
4A -Cells 1 & 2 86,088'
4A - Cell 3 214,002
Phase 6 210,302
Phase 7 263,849
Phase 8 276,730
Phase 9 1,002,737
Phase 10 461,395
C&D Landfill Units
Areal 18,075
Area 2 86,329
Notes:
1. Volumes shown above for Phase 4A Cells 1&2 and Area 1 is from 3/21/05.
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TABLE 2.7
VEGETATIVE SOIL LAYER QUANTITIES

Landfill Unit Required Yolume (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
Areal 35,816
Area 2 50,981
TABLE 2.8
SOIL SUMMARY
Material (guantity (CY)
Excavation 1,009,867
Structural Fill (528,102)
Soil Liner (282,253)
LCS/Protective Cover' (417,208)
Daily/Intermediate Cover (2,619,507)
Vegetative Soil Layer (585,963)

1. A portion of this material will come from off-site sources.
2. Soil deficit shown will be made up from off-site sources.
Johnston County C&D Landfill - Area 2 Facility And Engineering Plan
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3.1

SECTION 3.0
GEOSYNTHETICS DESIGN

OVERVIEW

This section addresses the design and selection of the geosynthetics to be incorporated into Area
2. The geosynthetic requirements are outlined in detail in the Project Specifications
(Attachment B) and Project Drawings (Attachment G).

3.2

GEOSYNTHETIC COMPONENTS AND DESIGN PARAMETERS

3.2.1 Geosynthetic Clay Liner (GC1.)

A GCL will be used as a barrier layer in the Type 2 base liner system. The selected
material for the GCL will consist of a layer of sodium bentonite bonded between two
geotextiles. The selected GCL will provide a maximum hydrated permeability of 5 x 10°
cm/sec and will be reinforced to prevent potential shearing in the bentonite layer. The
GCL also offers the addition of self healing capabilities, there is no required seaming, and
the bentonite has a high cation exchange rate.

3.2.2 Base Geomembrane

The selected material for the base geomembrane is 40 mil thick textured Linear Low
Density Polyethylene (LLDPE). The particular product to be installed will be approved
for use in the facility prior to construction.

The design of Area 2 as well as its construction and CQA procedures are all intended to
reduce unusually high puncture, impact, or tearing stresses on the geomembrane. Due to
the selection of textured LLDPE geomembrane on facility side slopes, all interface
friction angles for geosynthetics are expected to be greater than the 3H:1V side slope
angle. Thus, negligible stresses will be placed on geosynthetics and the system will be
stable. In addition, Attachment F includes an analysis which demonstrate that the
anticipated tensile stresses in the liner system due to settlement of underlying subgrade
will be minimal.

The anchor trench size (i.e. depth and width) was selected to allow pullout of the
geomembrane before the yield stress is achieved (see calculations in Appendix A). In
this way, 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. ‘

3.2.3 Drainage Geocomposite

The drainage géocomposite will consist of a polyethylene drainage net (geonet) bonded

Johnston County C&D Landfill - Area 2 Facility And Engineering Plan
October 2005 GEOSYNTHETICS DESIGN Page 3.0-1



on both sides with a nonwoven, needle-punched geotextile. This material will be used in
the LCS of the base liner system (landfill base and side slopes) and in the final cover
system (pore pressure reduction layer).

The Project Specifications (Attachment B) require a minimum transmissivity of 7.5 x
10" m’/m/sec and 1 x 10” m*/m/sec for the base liner and final cover systems,
respectively, which account for long-term reduction factors and an overall factor of
safety. Appendix A contains an analysis of the drainage geocomposite to be used in the
LCS (see Leachate Collection Pipe Spacing calculations) and final cover drainage layer.

3.2.4 Separator (Type GT-S) Geotextile

A nonwoven separator (Type GT-S) geotextile (optionally a woven geotextile) will be
used as a separator in several applications. A Type GT-S geotextile will be used as a
separator between leachate collection media and soil protective cover (where used), in
facility roadways, and in some erosion control applications. This geotextile will be
selected to minimize soil migration while allowing free flow of water.

The geotextiles to be incorporated into the construction of Area 2 that function as
separators were evaluated for particle loss potential using conservative filter/retention
matching criteria. The geotextile must prevent large scale migration of soil particles into
the underlying drainage media while at the same time not clogging. Separator criteria
were applied to geotextiles that protect the natural or geosynthetic drainage media from
the soil protective cover (or vegetative soil layer in the final cover system). Calculations
presented in Appendix A indicate a very low soil loss potential exists for the geotextile
between drainage media and soil protective cover. Due to the low hydraulic head
requiremnent of the Area 2 design, high gradients within the leachate collection system
(LCS) are improbable (likewise in the final cover system). The specified opening size of
the separator geotextile selected is considered adequate to provide protection against
excessive soil piping.

3.2.5 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.

3.2.6 Final Cover Geomembrane

A geomembrane will be used as the barrier layer in the final cover system. The selected
material for the final cover geomembrane is a 30 mil thick textured Linear Low Density
Polyethylene (LLDPE) geomembrane. The particular product to be installed will be
approved for use in the facility prior to construction,
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SECTION 4.0
LEACHATE MANAGEMENT SYSTEM DESIGN

4.1 OVERVIEW

The leachate management system for the proposed landfill consists of the leachate collection
system (LCS), the leachate discharge piping, pumps, valves, and leachate storage lagoon. The
LCS consists of natural and/or geosynthetic drainage media on the base and side slopes of the
landfill as well as a collection pipe network and a sump with side riser pumps. All major
collection/discharge piping of the Area 2 leachate management system will be high density
polyethylene (HDPE) piping. HDPE piping was selected due to its favorable behavior when
exposed to a variety of chemical leachates and its ability to be welded together to create a leak-
free conduit (solid wall piping).

This section addresses the hydraulic and mechanical design of the leachate management system.
Each of the major components of the system are covered separately.

4.2 LEACHATE COLLECTION SYSTEM (LCS)

The LCS will be constructed directly above the geomembrane on both the base and side slopes of
the landfill. Components of the L.CS will be as follows:

. a drainage geocomposite; and
. a 24-inch thick layer of protective cover soil.

Also part of the LCS is a series of perforated collection pipes. Collection pipes have coarse
aggregate placed over and around them and are referred to as "gravel columns" (see Drawing S5
(Area 2 - Composite Liner Grading and Leachate Collection System Plan)). These gravel
columns provide a significant amount of storage, provide primary leachate removal capacity, and
are designed to be resistant to biological clogging. Since the gravel column aggregate extends
through the protective cover and is in direct contact with the waste (no geotextile is placed
between the waste and gravel), the long-term clogging potential is significantly reduced.
Cleanout ports are provided, 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 conducts the leachate to the sumps for the removal from the
landfill by side riser pumps. Sumps are filled with coarse aggregate in order to maximize storage
and fluid removal rates. From the sumps, the leachate will be pumped to the leachate storage
lagoon via an HDPE force main.

4.2.1 LCS Pipe Spacing

Spacing of the LCS collection pipes is selected to ensure that the maximum hydraulic
head on the base geomembrane is less than 1 foot during normal operating conditions.
The analysis (see Appendix A) was conducted using McEnroe’s mounding equations.
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For this analysis, an impingement rate equal to the assumed average daily flow under
active conditions (1,200 gallons/acre/day) was used (Note that this is a higher value than
predicted by the HELP Model.). The analysis conservatively includes reduction factors
for intrusion, creep deformation, chemical clogging, and biological clogging plus an
overall factor of safety.

Assuming a maximum allowable leachate head of 1 foot, various bottom slopes, and
actual pipe spacings, it was determined that all conditions will produce less than 1 foot of
hydraulic head on the base geomembrane (Note that for the drainage geocomposite actual
maximum heads will remain within the thickness of the geonet drainage core << 1 foot).

Based on the pipe spacing calculations, a minimum transmissivity of 7.5 x 10™ m*/m/sec
was selected for the drainage geocomposite component of the LCS.

4.2.2 LCS Pipe Sizing

The capacity of LCS piping was evaluated by comparing the maximum capacity of a 6-
inch pipe diameter with the peak daily leachate generation rate (14,000 gallons/acre/day)
(see Attachment C). Based on this evaluation, either a 6-inch diameter HDPE (SDR 17)
(LD. = 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 one pipe,

4.2.3 LCS Pipe Mechanical Properties

The LCS collection pipes will be perforated HDPE pipe. The required pipe standard
dimension ratio (SDR) (ratio of outside pipe diameter to wall thickness) was selected
based upon anticipated static and dynamic load 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.

4.2.3.1 Static Load Requirement

The vertical stress applied by the fully constructed landfill, including waste and
final cover, was used to calculate the required SDR. Calculations were performed
for both crushing and buckling.

The analyses for static loading were performed using the highest normal
compressive stress computed for the facility {(approximately 73 psi assuming a
maximum waste/cover thickness of +150 feet and a waste density of 70 pcf). The
selected SDR of 17 has a factor of safety greater than 2.0 for both crushing and
buckling under maximum static loading conditions.
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4.2.3.2 Equipment Loading (Dynamic Load Requirement)

During construction of the LCS, it may be necessary for certain construction
equipment to operate over the pipe while the LCS is being placed. 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 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 SDR, the following equipment limitations will be

employed:

. Placement of the protective cover and No. 57 stone (18 inch
minimum cover (including gravel column) over LCS piping) - low
ground pressure (LGP) equipment only.

. Placement of initial lift of waste (with 3 foot minimum cover
(including gravel column) over LCS piping) - no equipment
limitations.

43 LEACHATE DISCHARGE AND STORAGE SYSTEM

Leachate from the Area 2 LCS is collected in the leachate sump as shown on Drawing 87
(Leachate Forcemain Plan and Profile). The leachate collected in the sump is pumped to the
leachate storage lagoon via a HDPE forcemain.

4.4.1 Leachate Sump

The typical sump and side riser layout is shown on Drawing LM2 (Leachate
Management System Details - Sheet 2 of 3). As designed, each sump has a storage
capacity of over 2,000 gallons (accounting for 30% porosity in the stone). Two side riser
pumps will be used in the leachate sump. The pumps selected for this application will be
rated at a minimum flow of 75 to 100 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 kecp the head on the liner system to a minimum.

4.3.2 Leachate Discharge Piping

The leachate discharge piping consists of HDPE (SDR 17) pipe. The required pipe SDR
was selected as described above for the LCS based upon the maximum static and
dynamic loading conditions to be placed on the pipe. Pipe stress analyses for HDPE pipe
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are presented in Appendix A.

4.3.3 Leachate Storage Lagoon

Leachate from Area is routed to the existing leachate storage lagoon which has a capacity
of approximately 4,300,000 gallons (not including 2 feet of fregboard). The leachate
storage lagoon is lined with a composite liner system consisting of 24 inches of
compacted clay liner (k <1 x 107 cm/sec) overlain by a 60 mil HDPE geomembrane and
a 6 inch Fabri-Form concrete liner. The lagoon drains to an existing pump station. From
this pump station, the leachate is either pumped back to the leachate recirculation system
injection trenches in Phase 5 or pumped via a 4 inch PVC forcemain to a local wastewater
treatment plant (WWTP) owned and operated by Johnston County.

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. Under these
conditions, the only pretreatment that may be required is pH buffering by addition of lime.

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. As future flow volumes and quality dictates,
additional units can easily be added to the pretreatment system.

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,

45 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:

L Design storm event(s);
] Amount of waste in the cell; and
L Methed 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 phases. It was found that the HELP Model values were
similar or somewhat lower than empirical generation rates for these conditions which are based
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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” volurmne, the precipitation event of 3.2 inches for a 1-year, 24-hour
storm was applied over up to a three acre open area of the landfill 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 by 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 Phase 4A and Phase 5).

The ability to prevent ponding in the landfill rests on the ability to hold leachate in the storage
lagoon. As noted above, the capacity of the storage lagoon is approximately 4,300,000 gallons,
which is much 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 a typical volume of 3,000,000 gallons (approximate 6
foot depth), or less, of leachate in the lagoon until all areas are covered by waste.
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SECTION 5.0
FINAL COVER SYSTEM DESIGN

5.1 OVERVIEW

This section addresses the design of the final cover system for the proposed Area 2 landfill unit.
The final cover incorporates a landfill gas (LFG) management system, a barrier system, surface
water infiltration/pore pressure reduction layer, and a vegetative soil layer.

Technical specifications and CQA requirements for final cover system components are included
in Attachments B and C, respectively. Slope stability calculations for the final cover veneer are
presented in Attachment F.

5.2  DESCRIPTION OF COMPONENTS
The main functions of the final cover are:
® Minimize infiltration into the waste.
L Function with a minimum of maintenance over the life of the landfill.

Each component is described below. Refer to Drawings FC1, FC2, and FC3 which display the
final cover grades for Area 2 and typical final cover details which illustrate the final cover
components.

5.2.1 Intermediate Cover

The intermediate cover is a nominal 1 foot thick layer of soil that is placed over waste
that has been filled to proposed finished grades. This cover layer separates the waste
from and provides 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. The
intermediate cover will also be used for leveling or fine grading or for bridging of
localized soft areas, as required.

5.2.2 Landfill Gas (LLFG) Management System

Due to the limited amount of LFG expected from the C&D waste, no LFG control
features are planned as part of the Area 2 final cover system.

5.2.3 Final Cover Geomembrane

The function of the final cover geomembrane is to prevent any water that infiltrates
through the overlying vegetative soil layer from entering the waste and producing
leachate. A 30 mil thick textured LLDPE geomembrane has been selected for this
application. The design of Area 2 provides for a minimum of penetrations through the
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geomembrane. The only required penetrations are for the surface water management
system (down pipes).

5.2.4 Drainage Geocomposite

A layer of drainage geocomposite overlies the final cover geomembrane. The function of
this layer is to conduct infiitration through the vegetative soil layer to the surface water
drainage features (i.e. side slope swales, down pipes, and perimeter channels) and, thus,
reduce the head on the final cover geomembrane. The selected drainage geocomposite
will have adequate transmissivity to handle the expected flows (see calculations in
Appendix A).

5.2.5 Vegetative Soil Layer

The vegetative soil layer consists of 2 feet of on-site or imported soil with at least 6
inches of topsoil. This layer functions to provide support for vegetation while undergoing
a minimum of erosion. This layer will also provide protection against puncture and
freezing of the underlying geosynthetics.

5.2.6 Surface Water Control Devices

Surface water runoff and its associated erosion are controlled in the final cover by a
system of drainage breaks (rain gutters) that limit the distance the water flows and
collects the water for conveyance (via down pipes) to one of the sediment basins. Final
cover drainage devices were designed based on the peak runoff from a 50-year storm.
Further descriptions and calculations related to the sizing of this system are provided in
Appendix A and in the Project Erosion and Sedimentation Control Plan (Attachment E).
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SECTION 6.0
LOCAL GOVERNMENT APPROVAL
6.1 OVERVIEW
The approval of the Area 2 C&D landfill unit as well as the addition and modification of
proposed MSW landfill units to the landfill facility plan represent a significant change in the
capacity of the landfill facility. Thus, local government approval is required.

6.2 DOCUMENTATION

Documentation of the County’s enabling approvals are presented in Appendix B. This
documentation includes the following information:

Public Meeting Information:

. Copy and documentation of Legal Advertisement of Public Meeting
. Copy of Resolution
. Minutes of Public Meeting

Letter Demonstrating Consistency with Zoning Ordinances:

. Letter from the Johnston County Planning Department

Letter Demonstrating Consistency with the City’s Solid Waste Management Plan:

. Letter from the Johnston County Department of Public Utilities
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Appendix A

Landfill Design Calculations
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SHEET _1__OF _ DO

PROJECT _Johnston County C&D Landfill - Area 2 JOB NO. JOHNSTON-22
DATE 10/4/05
Ry . . COMPUTED BY _PKS
E |
SUBJECT Volumes of Existing Landfill Units OHECKED BY

Objective To determine the volumes of existing landfill units.

Assumptions 1. Density of Waste.
2. Waste to Periodic Cover (i.e. daily and intermediate) Ratio.

Analysis The volume 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.
Alternatively, AutoCAD will be used to generate volumes.

EXISTING LF YOLUMES.WPD

G.N. RICHARDSON & ASSOCIATES
Engineering and Geological Services
14 N. Boylan Avenue, Raleigh, NC 27603

Telephone: (919) 828-0577




G.N. Richardson & Associates SHEET: Z, ’ 0

JOB #: JOHNSTON-22
14 N. Boylan Avenue Tel: $19-828-0577 DATE: 9/B/05
Raleigh, NC 27603 Fax: §19-828-3890 aY: PKS
CHKD BY:
Johnston County Landfill
Analysis of Existing Landfill Volumes
Total Net Capacity
Disposal Area Arga (Acres)|Total Gross Capacity (CY) Comment
€y (Tons)
Unlined MSW Landfili Units
Phase 1/2 {Closed) 221 732,363 495,790 297,474 See Atlached
Phase 3 {Closed) 254 1,174,139 B18,136 491,482 See Attached
Phase 4 {Ciosed) 7.3 1,631,731 1,133,533 680,120 See Attached
Tatal {Unlined MSW) 84.8 3,538,233 2448459 1469076
Lined MSW Landfill Units
Phase 5 {Inactive) 19.2 1,087,199 884,625 514,181 See Attached
Phase 4A {Call 1} {Active)
(See Note 1) 16.0 512,862 435,933 228,378 See Attached
Total {Lined MSW) 352 1,600,061 1,320,558 742,559
C&D Landfill Units
Area 1 (Vertical Expn.}
(Active) (See Note 1) 16.2 391,981 352,783 213,168 See Attached
Total (C&D) 16.2 391,981 352,763 213,168

Notes;
1. In-place volumes as of March 21, 2005,

G.N, Richardson & Associales, Inc. Existing LF Volumes xis
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G.N. Richardson & Associates SHEET: 2 /3]
ENGINEERING AND GEOLOGICAL SERVICES JOB# JOHNSTON-9
DATE:  11/3/99
Johnston County Landfill - Phases 1/2 BY: PKS
Existing Volume/Tonnage CHKDBY: ML

Waste Parameters:

Unit Weight (pcy) = 1200 (Assumed)
Unit Weight (tcy) = 0.6
Percentage of Pericdic Cover = 25 (Assumed}
Area of Waste Footprint (Ac.) = 221
VYolume Calculations:
Cross Separation Area Fill Volume Fill
Seclion (ft} (sf} {cy)

0 0

160 45511
A 15360

200 134111
B 20850

200 165889
C 23940

200 185815
D 26230

200 144519
E 127390

200 54407
F 1800

50 2111
0 0

FiLL = 732,363 cy

Adjustment For Qther Layers:

2 feet of Final Cover = 71309 cy
Sum = 71,308 cy
Yolume of Waste and Periodic Cover In-Place (cy) = 661,054
Volume of Periodic Cover In-Placa (cy) = 165,263
Volume of Waste In-Place (cy) =
Waste Tonnage In-Place (Tons) = 297,474

EXISTING LF VOLUMES. WB3(1)




G.N. Richardson & Associates

ENGINEERING AND GEOLOGICAL SERVICES

Johnston County Landfill - Phase 3

Existing Volume/Tonnage

SHEET:

Jog #:
DATE:

BY:
CHKD BY:

4/ic
=130

JOHNSTON-9
11/3/8%

PKS
éi -

Waste Parameters:

Volume Calculations:

Unit Weight {pcy)} =
Unit Weight (tcy) =
Percentage of Periodic Cover =
Area of Wasle Footprint (Ac.} =

Cross Separation

Section (it)

0
200

A
200

B
200

C
200

(v}
200

E
200

F
200

G
200

H
200

I
200

J
80

0

Additional 5 feet (Avg.)

Adjustment For Other Layers:

Volume of Waste and Perlodic Cover In-Place (cy) =

2 feet of Final Cover =

Volume of Periodic Cover In-Place {cy)} =

Volume of Waste In-Place (cy) =

Waste Tonnage In-Place (Tons) =

1200 (Assumed)
0.6
25 (Assumed)
254
Area Fill Valume Fill
{sf) {cy)
0
[0
0
42852
11570
101148
15740
138556
21670
153852
19870
132630
15840
124519
17680
146963
22000
171407
24280
120685
8305
9228
0
32300
FILL= 1,174,139 ¢y
81957 cy
Sum = B1,957 cy
1,092,182
273,045
819,136

EXISTING LF VOLUMES. WB3(2)
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G.N. Richardson & Associates SHEET: 4 /3]
ENGINEERING AND GEOLOGICAL SERVIGES JOB# JOHNSTON-g
DATE: 11/3/99
Johnston County Landfill - Phase 4 BY: PKS
Existing Volume/Tonnage CHKD BY: q‘uQ__

Waste Parameters:

Unit Weight {pcy) = 1200 (Assumed)
Unit Weight (tcy) = 0.6
Percentage of Periodic Cover = 25 (Assumed}
Area of Waste Foolprint (AC.) = 37.3
Veolume Calculations:
Cross Separation Area Fill volume Filt
Section {ft} (sh) {39}
0 0
140 18796
A 7250
200 97704
B 19130
200 176667
c 28570
200 218074
D 30310
200 224407
E 30280
200 208667
F 26060
200 183815
G 23570
200 171000
H 22600
200 152778
l 18650
200 121926
J 14270
200 56889
K 1090
50 1008
] 0
FILL= 1,631,731 cy
_Adjustment For Other Layers:
2 feet of Final Cover = 120355 cy
Sum = 120,355 cy
Volume of Waste and Perlodic Cover In-Place {cy} = 1,511,377
Volume of Periodic Cover In-Place (cy) = 377,844
Volume of Waste In-Place {cy) = 1,133,533
Waste Tonnage In-Place {Tons) =

EXISTING LF VOLUMES.WEB3(3) _
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G.N. Richardson & Associates sheem: | 2
ENGINEERING AND GEQLOGICAL SERVICES JOB# JOHNSTON-2
DATE:  7/15/03
Johnston County MSW Landfill - Phase 5§ BY: PKS
Analysis of Waste Density CHKD BY:

Input Parameters:

Percentage of Periodic Cover =
Area of Waste Footprint (Ac.) =
Quantity of Waste In-Place (Tons) =

Volume Calculations:

Volume (Gross) From AuteCAD =

Adjustment For Other Layers:

1.5 feet of Intermediate Cover =

15 (Assumed)

514,181 (Per Scale Records Through 6/4/03)

1,087,199 ¢y (See Aftached)

(6/4/03 vs. 1997)

46464 oy

Sum =

Volume of Waste and Periodic Cover (cy} =
Volume of Periodic Cover (cy) =

Volume (Nef) of Waste (cy) =

Waste Density (tons/cy) =

Waste Density (Ibs/cy) =

46,464 oy

1,040,735
156,110
884,625

0.581

JG Waste Density WEB3




volume-report-070303.txt ZZ/%Z

Johnston County Phase 5 Airspace

Project: LAND PROJECTS Thu July 03 17:15:06 2003
Site Volume Table: Unadjusted
Cut Fill Net
yards yards yards Method
Site: PHASE 5 AIRSPACE Protedtlve Cover

Stratum: PHASE 5 MQADES TO 061603 SURVEY
19 1,087,218 1,087,199 (F) Composite

5[4,18(.45 Tous
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— Subtract % (5% Cover

Page 1
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1%/0
volume report 072405.txt

Johnston County Landfill

Project: land projects Sun July 24 22:47:25 2005
Site Volume Table: Unadjusted
Cut Fill Net
yards yards yards Method

Site: AIRSPACE CHANGED AREAS
EVEJ/QS
MSW area volume represents latest aerial topo (I didn't know the dz{e) vS.
the 052104 topo with phase 4A cell 2 grades pasted in.

I¥ you look at the isopach, a lot of the cut occurs around the perimeter
of cell 2. As expected, the majority of the fill is in cell 1.

Stratum: topo-052104-cell2-paste %Jr‘vey-msw-ar‘ea
12,817 (§0,019>
Zan

187,202 (F) Composite
ore (ut

MSW remaining represents latest survey vs. phase 4A fill sequence 2,
{(shown in figure 2).

Stratum: msw area remaining topo-052104-changed-areas-paste phaseda-fill-seq-3
4,852 597,179 592,327 (F) Composite

C&D area volume represents the two dates, latest {date unknown) vs. 052104,

The C&D volume is straight forward, fill is on top and west side.

Str‘atum: topo-052104-cell2-paste survey-cd-area
1,282 50,070

<'§8,789 (F) Composite
CD remaining represents latest survey vs. final cover grades, (shown in figure 2)

Stratum: cd area remaining topo-052104-changed-areas-paste cd-fovr-120503
7149 187802 180753 (F) Composite

Page 1



SHEET 1 ofF 19

PROJECT Johnston County C&D Landfill - Area 2 JOB NO. _JOHNSTON-22
DATE 7M14/05
SUBJECT L filt Lif COMPUTED BY _ PKS
andfill Life Expectancy CHEGKED BY
Objective To determine the expected life of the landfill given the proposed contours and the current

Assumptions

Analysis

loading rate.

1. Density of Waste. _
2. Waste to Periodic Cover (i.e. daily and intermediate) Ratio.

The volume 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.

Alternatively, AutoCAD will be used to generate volumes.

LIFE.WPD

G.N. RICHARDSON & ASSOCIATES
Engineering and Geological Services
14 N. Boylan Avenue, Raleigh, NC 27603

Telephone: (319) 828-0577




G.N. Richardson &

[

14 N. Boylan Avenue
Ralelgh, NC 27603

By

Associates SHEET:
6 e JOB #: JOHNSTON-22
Tel: $19-828-0577 DATE: 5/18/05
Fax: 919-828-3898 |Y: PKS
CHXD BY:

Johnston County Landfifl
Summary of Capacity/Life Expectancy

2,9

Landfill Unlt Area {Acres)| Gross Capacity (CY} Net (Waste) Capaclly Life E"mi‘:m:z)(\'earsi
(CY) {Tons)
Uniined MW Landfill Units
Phase 1/2 (Closed) 221 732,363 495,700 297,474 Closed
Phase 3 (Closed) 254 1,174,139 819,136 491,482 Closed
Phase 4 {Closed) 373 1,631,731 1,133,533 660,120 Clased

Lined MSW Landfill Units

Phase 5 {Inactive) 19.2 1,087,199 884,625 514,181 Inactive
m;&gﬂ;ﬁf} 22.0 1,086,783 923,766 521,078 16 26
Phase 4A (Cell 3) 7.4 1,426,682 1,117,815 782,471 2.8 6.1
Phase 6 211 1,402,016 1,163,319 897,992 25 48
Phase 7 168 1,758,991 1,456,422 873,853 30 53
[Phase 8 25.2 1,844,867 1,482,308 £89,385 2.9 45
IPhase 9 225 6,684,914 5,599,252 3,919,476 118 17.2
Phase 10 17.5 3,075,966 2,508,003 1,756,665 48 55

G&D Landfill Units

HNotes:
1. Life Expectancy as of March 21, 2005.

Area 1 (Vertical Expn.)

(Active) (See Note 1) 16.2 572,734 479,645 289,285 20 24
Area 2 - Call 1 11.3 451,611 389,897 233,938 55 €4
Area 2 - Cell 2 45 462,658 387,062 232,237 4.4 54

G.N, Richardson & Associates, Inc,

Summary

CAPACITY LF DENSITY & LIFE (Rev 0508).xls



G.N. Richardson & Associates SHEET: 3 / ! ?
JOB#:  JOHNSTON-22
14 N. Baylan Avenue Tel: 919-828-0577 DATE: 10/6/05
Raleigh, NC 27603 Fax: 919-828-3899 BY: PKS
CHKD BY:
Johnston County Landfill - MSW Phase 4A {Cells 1&2)
Volume Study: Life Expectancy Calculations
Waste & Periodic Cover Parameters:
Waste Density {pcy) = 1,200 {From Filling Rate and Density Calcs.)
Waste Density (tcy) = 0.60
Percentage of Periodic Cover = 15
Volume Calculations:
Volume From AutoCAD (cy) = 573,921
Gross Volume {Top of Protective Cover to Top of Intermediate Cover):
Adjustment For Other Layers:
Area of Waste Footprint {Ac.} = 220
0 feet Compacted Soil Liner = Ocy
0 feet LCS/Protective Cover = 0 cy
Sum = 0cy
Gross Volume (cy) = 573,921
Net (Waste) Volume:
Adjustment For Other Layers:
Area of Final Cover (Ac,) = 0
2 fest Vegetative Soil Layer = 0 cy
Sum = 0 cy
Volume of Perlodic Cover (cy) = 86,088
Nat (Waste) Volume (cy) = 487,833
Net (Waste) Volume (tons} = 202,700
) 169 ) 93 53¢ ( 7)
Cousty Only * Bl oof B xaok) + I, (xo6) + 115,648 &

Trtz2o5l S 7078 (= 2.6 YeS)

+ 50 TPP ¢ 97,oof(=.8xzoos)+ -Zig'—é—?z (Zooé)

%8, 169
Stact=20052 !
22068 (= 1.6 ¥xs)

G.N. Richardson & Associates, Inc. MSW - Phase 4A (Cells 18&2)

LIFE EXPECTANCY xls



G.N. Richardson & Associates SHEET: 4’ /] ?
2il : : JOB#:  JOHNSTON-22
: DATE: 10/6/05
Ralelgh NC 27603 Fax: 919-828-3899 BY: PKS
CHKD BY:
Johnston County Landfili - MSW Phase 4A (Cell 3)
Volume Study: Life Expectancy Calculations
Waste & Periodic Cover Parameters:
Waste Density (pcy) = 1,400 (From Filling Rate and Density Calcs.)
Waste Density (tcy) = 0.70
Percentage of Periedic Cover = 15
Volume Calculations:
Volume From AutoCAD {cy) = 1,450,559
Gross Volume (Top of Protective Cover to Top of Final Cover):
Adjustment For Other Layers:
Area of Waste Footprint (Ac.) = 74
0 feet Compacted Soil Liner = Ocy
2 fest LCS/Protective Cover = 23877 oy
Sum = 23877 cy
Gross Volume (cy) =| 1,426,682
Net (Waste) Velume:
Adjustment For Other Layers:
Area of Final Cover (Ac.} = 29.4 (Cells 1-3)
2 feet Vegetative Soil Layer = 94,864 cy
Sum = 94,864 ¢y
Volume of Periodic Cover (cy} = 214,002
Net (Waste) Volume (cy} =| 1,117,815
Net (Waste) Voluma (tons) = 782,471

County Only # 2z 18 .. (2007) + 30901 (zw8—20l2)+ i{%—% ( ZOIS)

Start =2007,%
=> 20339 (= 6.1 Y%5)

' 173172
+5ce TPP: —
Start=2226.8 621469 (Zaoé) + 546830 (207 2008) o zig, 782 z76,762 (#° 9)
= 7009.6 (2.8 VYRS.)

G.N. Richardson & Associates, Inc. MSW - Phase 44 (Cefl 3} LIFE EXPECTANCY xls



W G.N. Richardson & Associates SHEET: 51 H
JOB#:  JOHNSTON-22

14 N. Boylan Avenue Tel: 919-828-0577 DATE: 1046105
Raleigh, NC 27603 Fax: 919-828-3899 BY: PKS
CHKD BY:

Johnston County Landfill - MSW Phase 6
Veolume Study: Life Expectancy Calculations

Waste & Periodic Cover Parameters:

Waste Density {pey) = 1,200 (From Filling Rate and Density Calcs.)
Waste Density (tcy) = 0.60
Percentage of Periodic Cover = 15

Yolume Calculations:
Volume From AutoCAD (cy) = 1,521,161
Gross Volume (Top of Protective Cover to Top of Final Cover):

Adjustment For Other Layers:

Area of Waste Foolprint {(Ac.) = 211
1.5 feet Compacted Soil Liner = 51,062 cy
2 feet LCS/Protective Cover = 68,083 cy
Sum = 119,145 cy

Gross Volume (cy) = 1,402,016

Net (Waste) Volume:
Adjustment For Other Layers:
Area of Final Cover (Ac.) = 8.8
2 feet Vagetative Soil:Layer = %8,395 cy
Sum = 28,395 cy

Volume of Periodic Cover (cy) = 210,302
Net (Waste) Volume (cy) = 1,163,319
Net (Waste) Volume (tons) = 697,992

G968 (2003)+ SBRliS (2H--2017)+ !,‘;:SE% (268)

Stert= 0139
> z018,7 (48 YRS)
4+ TFPPz 24430
+ 2olo—20) )+ —1—__— (z01Z
drtopae  l05€P (2e29)+ 567,%1 ( ) =3 (12)
J = z012,1 (2.5 ‘/ES')

G.N. Richardson & Associales, Inc. MSW - Phase 6 LIFE EXPECTANCY xlis



SHEET: G 17
JOB#:  JOHNSTON-22
DATE: 10/6/05
Raleigh, NC 27603 Fax: 919-828-3899 BY: PKS
CHKD BY:
Johnston County Landfill - MSW Phase 7
Volume Study: Life Expectancy Calculations
Waste & Periodic Cover Parameters:
Waste Density {pcy) = 1,200 (From Filling Rate and Density Calcs.)
Waste Density (tcy) = 0.60
Percentage of Periodic Cover = 15
Volume Calculations:
Volume From AutoCAD (cy)= 1,870,795
Gross Volume (Top of Protective Cover to Top of Final Cover):
Adjustment For Other Layers:
Area of Waste Footprint {Ac.) = 198
1.5 feel Compacted Sail Liner = 47,916 cy
2 feet LCS/Protective Cover = 63,888 cy
Sum = 111,804 cy
Gross Volume (cy) =
Net (Waste)} Volume:
Adjustment For Other Layers:
Area of Final Cover (Ac.) = 12.0
2 feet Vegetative Soil Layer = 38,720 ¢y
Sum = 38,720 cy
Volume of Periodic Cover (cy) = 263,849
Net (Waste) Voluma (cy) =
Net {(Waste) Volume (tons) = 873,853
Cited 8379
- .!_I__. ZQZS)
County Only? 46,161 (28)+ 659313 (2019 - 2022) + ,7“58(
’

Start =2o187
=>70240 (5.3 YR3)

: Z20RSOD
% | 264,555 (00z) + SBEH8B (20’3'20'4')4—-5%?55 (zo15)
= zo15,] (3.0Y65)

G.N. Richardson & Associates, Inc. MSW - Phase 7 LIFE EXPECTANCY xis



14 N. Boylan Avenue Tel: 919-828-0577 DATE:
Raleigh, NC 27603 Fax; 919-828-3899 BY:
CHKD BY:

Johnston County Landfill - MSW Phase 8
Volume Study: Life Expectancy Calculations

G.N. Richardson & Associates SHEET: zl
JoB#  JOHNSTON-22

10/6/05
PKS

Waste & Periodic Cover Parameters:

Waste Density (poy) = 1,200 {From Filling Rate and Density Calcs.)
Waste Density (tcy) = 0.60
Percentage of Periodic Cover = 15

Volume Calculations:

Volume From AutoCAD (cy) = 1,987,163

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

Adjustment For Other Layers:
Area of Waste Footprint (Ac.) = 252
1.5 feet Compacted Soil Liner = 60,984 cy
2 feet LCS/Protective Cover = 81,312 cy
Sum = 142,296 cy

Gross Volume (cy) = 1,844,867

Net (Waste) Volume:

Adjustment For Other Layers:
Area of Final Cover (Ac.) = 26.6
2 feet Vagetative Soil Layer= 85,829 cy
Sum= 85,829 cy
Volume of Periodic Cover (cy) = 276,730

Net (Waste) Volume (cy) =
Net (Waste) Volume (tons) = 889,385

i LiFes ) _ag422

Courcty Only §7ﬁ(zozs)+ 73684 [224—2027)-# 774750 (2028)

sdart= 20040
= 2028.8 (4.8 VYes)

12&
gy 278,800 (2015) + 616,457 ( 2ol6- 201 7)# 31,050 (2018)

Start = 20ol5, |
= z0i8.0 (2.9 v&s)

G.N. Richardsen & Associates, Inc. MSW - Phase 8

LIFE EXPECTANCY xls



G.N. Richardson & Associates SHEET: g / [ ‘;3

14 N, Boylan Avenue
Raleigh, NC 27603

Johnston County Landfill - MSW Phase 9
Volume Study: Life Expectancy Calculations

JOB#:  JOHNSTON-22

Tet: 319-828-0577 DATE: 10/6/05
Fax: 919-828-3899 BY: PKS
CHKD BY:

Volume Calculations:

Net (Waste) Volume:

Waste & Periodic Covar Parameters;

Waste Density (pcy) = 1,400 (From Filling Rate and Density Calcs.)
Waste Density (icy) = 0.70
Percentage of Periodic Cover = 15

Gross Yolume (Top of Protective Cover to Top of Final Cover);

Volume From AutoCAD {cy) = 6,811,964

Adjustment For Other Layers:
Area of Waste Footprint (Ac.) = 225
1.5 feet Compacted Soil Liner = 54,450 cy
2 feet LCS/Protective Cover = 72,600 cy
Sum = 127,050 cy

Gross Volume (cy) =

Adjustment For Other Layers:
Area of Final Cover {Ac.)= 257
2 feet Vegetative Soil Laysr = 82,925 cy
Sum = 82,925 cy

Volume of Periodic Cover (cy)= 1,002,737

Net (Waste) Volume (cy) = 5,599,252
Net (Waste) Volumae (tons) =

Couty Only:
Start = 278.8

+SCcoTPP:
Start= 298.0

G.N. Richardson & Associates, Inc.

44267 ( 2c28) + 3 %2797(2!92%204-5) + 226‘3%7 (2046)

== 20460 (7.2 Y&s3)

Z84.607
310,922 (218) + 3039472009~ 2028) ooy ! (2029)
=> 70296 (II,8 YRs.)

MSW - Phase 9 LIFE EXPECTANCY xis



G.N. Richardson & Assoclates, Inc,

= 70346 (4.8 VRs)

MSW - Phase 10

G.N. Richardson & Associates SHEET: 9 / H
JOB#:  JOHNSTON-22
14 N. Boylan Avenue Tel: 919-828-0577 DATE: 10/6/05
Raleigh, NC 27603 Fax: 919-828-3899 BY: PKS
CHKD BY:
Johnston County Landfill - MSW Phase 10
Volume Study: Life Expectancy Calculations
Waste & Periodic Cover Parameters:
Waste Density (pcy) = 1,400 (From Filling Rate and Density Cales.)
Waste Density (lcy} = 0.70
Percentage of Pericdic Cover = 15
Volume From AutoCAD {(cy} = 3,174,785
Gross Volume {Top of Protective Cover to Top of Final Cover):
Adjustment For Other Layers:
Area of Waste Foolprint (Ac.) = 17.5
1.5 feet Compacted Seil Liner = 42,350 cy
2 feet LCS/Protective Cover = 56,467 .cy
Sum = 98,817 cy
Gross Volume (cy) = 3,075,968
MNet (Waste) Volume: .
Adjustment For Other Layers:
Area of Final Cover (Ac.) = 330
2 feet Vegelative Soil Layer = 106,480 oy
Sum = 106,480 cy
Volume of Periodic Cover (cy) = 461,385
Net {(Waste} Volume (cy}=| 2,508,093
Net {Waste) Volume (tons} = 1,755,665
[vFe :
ouly: 260687 (246)+ 1362400 (47— 2050 )+ L2221 (5e5))
Connly Only? 2 2046 l, 756 335
'
Shrt=2046.0 = 255 (55 ves)
133267
+LOTPP: (w30- 033) (2034
T2z (2629)+ 42376 (30 2273 )+ 25 045
Stact=2079.8

LIFE EXPECTANCY xls



G.N. Richardson & Associates sHeer: [0/ (Y
Bhdreadngan Gapiogic JOB#  JOHNSTON-22

14 N. Boylan A

el: - DATE: 10/6/05
Raleigh, NC 27603 Fax: 918-828-3899 BY: PKS
CHKD BY:

Johnston County Landfill - C&D Area 1
Volume Study: Life Expectancy Calculations

Waste & Periodic Cover Parameters:

Waste Density (pcy) = 1,200 (From Filling Rate and Density Calcs.)
Waste Density (tcy) = 0.60
Percentage of Periodic Cover = 10
Volume Calculations:
Volume From AutoCAD (cy) = 180,753 (AutoCAD - 2005 Volume Study)

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

Adjustment For Other Layers:

Area of Waste Footprint (Ac.) = 16.2
¢ fest Compacted Soil Liner = Ocy
0 feet LCS/Protective Cover = 0 cy
Sum = 0cy

Gross Volume (cy) = 180,753

Net {Waste) Volume:
Adjustment For Other Layers:

Area of Final Cover (Ac.) = 11.1
2 feet Vegetative Soil Layer = 35,816 cy
Sum = 35,816 cy

Volume of Periodic Cover (cy) = 18,075

Net (Waste) Volume (cy) =

Net (Waste) Volume (tons} =

Lde-

G.N. Richardson & Associates, Inc, C&D - Area 1

18916
ot ez 24986 (=.8¥205)+ 32,215 (2206) + ;%r% (z007)
E® = zeone (2.49rs)

29983 (=8ees)+ 38 658 (2006)4—3% (2207)

= 2072 (2,0¢85)

LIFE EXPECTANCY xlIs




G.N. Richardson & Associates

14 N, Boylan Ave 19-828-05

Raleigh, NG 27603

Johnston County Landfili

Fax: 919-828-3899

NS

SHEET:
JOB #: JOHNSTON-22
DATE: 518/06
BY: PKS
CHKD BY:

Capacity Evaluation - C&D Area 2 (Cell 1)

Waste & Periodic Cover Parameters:

Waste Density (pcy) =
Waste Density (tcy) =
Percentage of Periedic Cover =

Volume Calculations:

Volume From AutoCAD (cy) =

1,200 {From Filing Rate and Density Calcs.)
0.60
10

451,611 (Pro. Cover to Top of Cell 1 Grades) {= Gross Capac.)

e ———

Life Expectancy Calculations:

v
Net (Waste) Capacity:
Adjustment For Other Layers:
Area of Final Cover (Ac.} = 57
2 feet Vegetative Saqil Layer = {18.392) cy
Sum = {1 8,39.2) cy
Volume of Waste and Periodic Cover (cy) = 433,219
Volume of Periodic Cover (cy) = {43,322)

Net (Waste} Capacity (cy) = 380,897
Net (Waste) Capacity {tons) = 233,938

Average:
Start End Tons Total
Time Time Disposed Tons Remainder
2007.6 2013 195,431 195,49 38,447
2013 2013.98 38,447 233,938 0 See Waste Generation Analysis
Landfilt Life Expectancy (years) =
+20 Percent:
Start End Tons Total
Time Time Disposed Tons Remainder
2007.2 2012 203,979 203,979 29,959
2012 2012.65 29,959 233,938 0

See Waste Generation Analysis

Landfill Life Expectancy (years)=[______ 55]

G.M. Richardson & Associates, Inc.

C&D - Area 2 (Cell 1)

CAPACITY LF DENSITY & LIFE (Rev 0508).xls



Richardson & Associates

14 N. Boylan Avenue Tel: 919-828-0577
Raleigh, NC 27603 Fax: 919-828-3899

Johnston County Landfill
Capacity Evaluation - C&D Area 2 (Cell 2)

SHEET: 1& F?

JOB # JOHNSTON-22

DATE: 518/06
BY: PKS
CHKD BY:

Waste & Periodic Cover Parameters:

Waste Density {pcy)

1,200 {From Filling Rate and Density Calcs.}

Waste Density (tcy) 0.60
Percentage of Periodic Cover = 10
Yolume Caiculations:
Volume From AutoCAD (cy) = 462,658 {Pro. Cover to Top of Cell 1 Grades) {= Gross Capac.)
e,
Net (Waste) Capacity:
Adjustment For Other Layers:
Area of Final Cover (Ac.) = 10.1
2 feet Vegetative Soil Layer = {32.589) cy
Sum = (32,589) cy
Volume of Waste and Periodic Cover {cy) = 430,069
Volume of Periodic Cover (cy) = (43,007)

Net (Waste) Capacity (cy) =
Net {(Waste) Capacity (tons) = 232,237

Life Expectancy Calculations:

Average:
Start End Tons Total
Time Time Disposed Tons Remainder
2013.98 2014 738 738 231,499.
2014 2019 212,450 213,188 19,049 See Waste Generation Analysis
2019 2019.42 19,049 232,237 0
Landfill Life Expectancy (years) =
+20 Percent:
Start End Tons Total
Time Time Disposed Tons Remainder
2012.65 2013 15,873 15,873 216,364
2013 2017 211,428 227,301 4,936 See Waste Generation Analysis
2017 20171 4,936 232,237 0
Landfill Life Expectancy (years) =
G.N. Richardson & Associates, Inc. C&D - Area 2 (Cell 2) CAPACITY LF DENSITY & LIFE (Rev 0506).xIs



G.N. Richardson & Associates SHEET: f 51 H
A i JOB #: JOHNSTON-22
. 14 N. Boylan Avenue Tel: 919-828-0577 DATE: 10/8105
Raleigh, NC 27603 Fax: 919-828.3899 BY: PKS
CHKD 8Y:
Johnston County Landfilt
Waste Generaton Analysis - MSW (County-Only)
Per-Capita Disposal Rate (tons/personfyr.) = 0.74503 {Based on FY 2004-05 Data)
Estimated Monthly Tonnage Variance (%) = 20 (Estimated by County)
Projected Projected
Prajected Projecled Projected Monthly Monthly
Year Papulation % Increase County Out of County Avg. Monthly Variance Vartance
(See Note 1) From Previous Tonnage Tonnage Tonnage {Min.) {Max.)
20065 145,968 - 108,751 o 9,083 7.250 10,875
2008 450,557 3.14 112,169 0 9,347 7478 1,217
2007 155,226 310 115,648 0 9,637 7.710 11,565
2008 59,970 3.06 119,182 0 9,932 7.945 11,918
2009 164,801 3.02 122,782 0 10,232 8,185 12,278
2010 169,566 2.88 126,332 0 10,528 8,422 12,633
201 173,978 2.6C 124,619 0 10,802 8,641 12,962
2012 178,498 260 132,886 0 11,082 8,866 13,299
2013 183,133 2.60 136,440 1] 11,370 9,096 13,644
2014 187,923 2.62 140,008 a 11,667 4,334 14,001
2015 192,811 2.60 143,650 a 11,971 9,577 14,365
2016 197,748 2.56 147,328 ¢ 12,277 9,822 14,733
2017 202,850 2,58 151,129 ¢ 12,594 10,075 15,113
2018 208,113 259 135,050 ¢ 12,821 10,337 15,505
2019 213,560 2.62 159,109 O 13,259 10,607 15,911
2020 218,946 2.52 163,121 o 13,593 10,875 16,312
2021 223,754 2.20 166,703 0 13,892 11,114 16,670
2022 228,689 221 170,380 ) 14,198 11,359 17.038
2023 233,760 222 174,158 0 14,513 11,611 17,416
2024 239,003 2.24 178,064 G 14,839 11,871 17,808
2025 244,330 223 1B2.033 0 15,169 12,136 18,203
2026 249,653 2.18 185,995 D 15500 12,400 18,600
2027 285,141 220 190,088 0 15,841 12,673 19,009
2028 260,783 2.H 194,291 0 16,191 12,953 19,420
2029 266,606 223 98,629 0 16,552 13,242 18,863
2030 271,075 1.68 201,858 Q 16,830 13,464 20,196
2031 275,619 1.68 205,344 q 17,112 13,690 20,534
2032 280,239 168 208,786 [ 17,399 13,919 20,879
2033 284,937 1.68 212,286 ¢ 17,691 14,152 21,229
2034 289,713 168 215,845 0 17,987 14,390 21,584
2035 294,569 1.68 219,463 0 18,289 14,631 21,946
2036 209,507 1.68 223,142 0 18,595 14,876 22,314
2037 4,627 1.68 226,882 0 18,807 15,1256 22,688
2038 309,632 1.68 230,685 0 19,224 15,379 23,069
2039 34,822 1.68 234,552 0 19,546 15,637 23,455
2040 320,009 1.66 235,484 D 19,874 15,889 23,848
2041 325,465 1.68 242,481 0 20,207 16,165 24,248
042 330,921 1.68 246,546 0 20,545 16,436 24,655
2043 336,468 1.68 250,679 0 20,890 16,712 25,0868
2044 342,108 168 254,681 ¢ 21,240 16,892 25448
2045 347,843 1.68 259,153 Q 21,596 17,277 25915
20486 353,673 168 263,497 ¢ 21,958 17,566 26,350
2047 358,602 168 267,914 0 22,326 17,861 26,791
2048 365,630 168 272,405 o 22,700 18,160 27241
2049 371,758 1.68 276,971 [+] 23,0814 18,465 27,697
2050 377,890 1.68 281,614 V] 23,468 18,774 28,161
2051 384,326 1.68 286,335 0 23,861 19,089 28,633
2052 390,768 1.68 291,134 0 24,261 19,409 28,113
2053 397,319 1.68 266,014 0 24,668 19,734 28,601
2054 403,979 1.68 300,976 0 25,081 20,065 30,098
2055 410,751 1.68 306,021 0 28,502 20,401 30,602
Notes:
1. Population figures and increasas fram 2005 1o 2030 are from the NC Derographics Unit. Figures after 2030 are based on an assumed
constant percentage increase from 2030 onward.

G.N. Richardson & Associates, Inc.,

Waste Generation - MSW (+0 TPD)

WASTE GENERATION.xIs



G.N. Richardson & Associates SHEET: ! 4’ ! ’ci
JOB #: JOHNSTON-22
14 N, Boylan Avenue Tel: 919-828-0577 DATE: 10/6/05
Raleigh, NC 27603 Fax: 919-828.30899 BY: PKS
CHKD BY:
Johnston County Landfil|
Waste Generaton Analysis - MSW {(+500 TPD Out of County)
Per-Capita Disposal Rate {tons/personiyr.} = 0.74503 (Based on FY 2004-05 Data)
Estimated Monthly Tonnage Variance (%) = 20 {Estimated by County)
Projected Projected
Projected Prejected Projected Projected Monthly Monthly
Year Population % Increase County Out of County Total Avg. Manthly Variance Variance
{See Note 1} From Previous Tonnage Tonnage Tonnage Tennage {Min.) (Max.}
2005 145968 2 e 108,751 a 108,751 9,063 7,250 10,875
2006 150,557 3.14 112,169 156,000 265,169 22,347 17,878 26,817
2007 156,226 3.10 115,648 156,000 271,648 22,637 18,110 27,165
2008 159,970 3.06 119,182 156,000 275,182 22,932 18,345 27,518
2009 164,801 3.02 122,782 156,000 278,782 23,232 18,585 27,878
2010 163,566 2.89 126,332 156,000 282,332 23,528 18,822 28,233
2011 173,978 2.60 128,619 156,000 285619 23,802 19,041 28,562
212 178,498 2.60 132,986 156,000 268,986 24,082 19,266 28,899
2013 183,133 2.60 136,440 156,000 292,440 24,370 19,496 28,244
2014 187,923 2.62 140,008 156,000 296,008 24,667 19,734 29,601
2015 192,811 2.60 143,650 156,000 299,650 24,971 19.977 29,965
2016 197,748 2.56 147,328 156,000 303,328 25277 20,222 30,333
2017 202,850 2.58 151,129 156,000 307129 25,504 20475 30,713
2018 208,113 259 155,050 156,000 311,050 25,921 20,737 31,105
2019 213,560 262 59,109 156,00¢ 315,108 26,259 21,007 s
2020 218,946 2.52 163,121 156,000 319421 26,593 21,275 31,912
2021 223,754 2.20 166,703 156,000 322,703 26,892 21,514 32,270
2022 228,689 2.21 170,380 156,000 326.380 27.198 24,759 32638
2023 233,760 2.22 174,158 156,000 330,158 27,513 22,011 33,016
2024 239,003 2.24 178,064 156,000 334,064 27.839 22,271 33.406
2025 244,330 2.23 182,033 156,000 338,033 28,169 22,536 33,803
2026 249,653 2.18 185,999 156,000 341,999 28,500 22,800 34,200
2027 255,141 2.20 190,088 156,000 346,088 28,841 23,073 34,609
2028 260,783 .21 194,261 156,000 350,291 29,191 23,353 35,029
2029 266,606 2.23 198,629 156,000 354,629 29,552 23,642 35463
2030 271,075 1.68 201,959 156,000 357,959 29.830 23,864 35,796
2031 275,619 1.68 205,344 156,000 361,344 30,112 24,090 36,134
2032 280,239 1.68 208,766 156,000 364,786 30,309 24,319 36,479
2033 284,937 1.68 212,286 156,000 368,286 30,691 24,552 36,829
2034 289,713 1.68 215,845 156,000 371,845 30.987 24,790 37,184
2035 294,569 1.68 219,463 156,000 375,463 31,289 25,031 37,546
2036 289,507 168 223,142 156,000 379,142 31,595 25,276 37,914
2037 304,527 1.68 226,862 156,000 382,882 31,907 25,525 38,288
2038 308,632 1.68 230,685 156,000 386,685 32,224 25,779 38,669
2039 314,822 1.68 234 552 156,000 39,552 32,546 26,037 39,055
2040 320,089 1.68 238,484 156,000 394,484 32,874 26,289 39,448
2041 325,465 1.68 242 481 156,000 398,481 33.207 26,565 39,848
2042 330821 1.68 246,546 156,000 402,546 33,545 26,836 40,255
2043 336,468 1.68 250,679 156,000 406,679 33,890 27,112 40,668
2044 32108 1.68 254,881 156,000 410,881 34,240 27,392 41,088
2045 347,843 1.68 259,153 156,000 415,153 34,586 27,677 41,515
2046 353,673 1.68 263,497 156,000 419,497 34,958 27,966 41,950
2047 359,602 168 267,914 156,000 423,914 35,326 28,261 42,391
2048 365,630 168 272,405 156,000 428,405 36,700 28,560 42,841
2048 371,758 1.68 276,971 156,000 432,971 36,081 28,865 43,297
2050 377.990 1.68 281,614 156,000 437,614 36,468 29,174 43,761
Hoteg;
1. Population figures and increases from 2005 to 2030 are from the NC Demographics Unit. Figures after 2030 are based on an assumed
constant percentage increase from 2030 onward,

G.N. Richardson & Associates, Inc.

Waste Generation - MSW (+500)

WASTE GENERATION xlg



) SHEET: { g! ﬁ
g JOB #: JOHNSTON-22
N. Boylan Avenue Tel: 919-828-0577 DATE: 176/05
Raleigh, NC 27603 Fax: 919-828-3899 BY: PKS
CHKD BY:
Johnston County Landfili
Waste Generaton Analysis - C3D
Per-Capita Disposal Rate (fons/personfyr,) = 0.21397 {Based on FY 2004-05 Data)
Estimatad Monthly Tonnage Variance (%) = 20 {Estimated by County)
Projected Projected
Projected Projected Projecied Manthly Monthly
Year Population % Increase County County Avg. Monthly Variance Variance
{See Note 1) From Previous Tannage Tonnage (+20%} Tonnage (Min.) (Max_)
2005 145,968 _— 31,233 37,479 2,603 2,082 3,123
2006 150,557 314 32218 38,658 2,685 2,148 3221
2007 155,226 340 33,214 39,856 2,768 2,214 3,321
2008 159,970 306 34,229 41,075 2,852 2,282 3423
2009 164,801 3.02 35,262 42,315 2,939 2,351 3,526
2010 169,566 2.89 36,282 43,538 3,024 2419 3.6826
2011 173,978 260 37,226 44,671 3,102 2,482 3723
mz2 178,498 2.60 38,183 45,832 3.183 2,546 3819
2013 183,133 2.60 39,185 47,022 3.265 2612 3918
2014 187,923 262 40,210 48,252 3,351 2,681 4,021
2015 192,81 260 41,256 49,507 3438 2,750 4,126
2016 107,748 2.55 42,312 50,775 3,526 2,821 423
2017 202,850 258 43,404 52,085 3617 2,894 4,340
2018 208,113 259 44,530 53,436 3,711 2,969 4,453
2019 213,560 2.682 45,695 54 B35 3,808 3,046 4,570
24520 218,946 2.52 45,848 56,217 3,904 3,123 4,685
2021 223,754 2,20 47877 57,452 3,900 3,192 4,788
h 2022 228,689 2.2 48,933 58,718 4,078 3,262 4,893
) 2023 233,760 222 50,018 60,021 4,168 3,335 5,002
’ 2024 239,003 224 51,139 61,367 4,262 3,400 5,914
2025 244,330 223 52,278 62,735 4,357 3.485 5228
2026 249,653 2.18 53418 64,102 4,452 3,561 5,342
2027 265,141 220 54,593 65,511 4,549 3,640 5459
2028 260,783 221 55,800 66,960 4,650 3720 5,580
2029 266,606 2.23 57,046 68,455 4,754 3,803 5,705
2030 271,015 1.68 58,002 . 69,602 4833 3.867 5,800
2034 275619 168 58,974 70,769 4915 3,932 5,897
2032 280,239 1.68 59,963 71,955 4,997 3,998 5,996
2033 284937 1.68 60,968 73,161 5,081 4,065 §.097
2034 289,713 168 61,8680 74,388 5,166 4133 6,199
2035 204,560 168 63,029 75,635 5,252 4,202 6,303
Notes:
1. Popxdation igares and Increages fom 2005 to 2030 are from the NC Demographics Unit. Figures after 2030 are based on an assumed
constant percentage increase from 2030 onward.

G.N. Richardson & Associales, Inc. Waste Generation - C&D WASTE GENERATION xis



/g
volume report 100505.txt

Site volume Table: Unadjusted

Cut Fill Net
yards vards yards Method
Site: PHASE 4A
cud /et
Stratum: qaste topo msw to<§h4a ce]T%)sgrd topo-msw-052104-cd-paste
phaseda-cell3-sgrd
362 3,275 2,913 (F) Composite
Stratum: topo 040 to ph4a cel] r topo-060205 phda-celll-2-icvr
5573 QZEL,Rewnhdcr 569,192 (F) Composite
r\nc& c &l

Stratum: paste topo 0605 to ph4a fcvr  topo- 060205-ph4a—ce1T1—2—icvr-paste-3

phaseda-fcyr
141 1,450,700 (F) Composite

TR4A-Cel! 2

Page 1



I 7/,9
') volume report 092905.txt

Site volume Table: Unadjusted
cut Fill Net
yards yards yards Method

Site: SITEZ

~~~gtratum: sgrd-cell-6-10 to fcvr-cell-6 sgrd-cellé vr-cell6
@ 491 1,521,652 1,521,161 jF) Composite

--Stratum—sgrd-eetl-6-10—to—Ffevr—eeH egrd=cet =10 frvr=cet i’ .
v 8 = ; . F) Composite

tratum: paste-sgrd-ph7-to-fcvr-6-8 paste-sgr -to-fevr-7  fcvr-cel16-8
100 1,987,263 1,987,163 ¥F) Composite

Stratum: paste-sgrd-fcvr-ph6 to fcvr-cell? paste-sgrd-cell6-10-to-fcvr-6

Fewr-cell7
@ 547 1,871,341 1,870,795)(F) Composite

Stratum: topo 032105 to sgrd cell 6 topo-032105

A
o
PR o

279,493 55,613 223, C) Composite
Stratum: topo 032105 to sgrd cell 7 topo-032105

222,037 85,202 136, 532 Composite
Stratum: topo 032105 to sgrd cell 8 topo-032105

242,630 105,976 136,654 (C) Composite

stratum: topo 032105 to sgrd cell 9 topo-032105 Csgrd-cel13)
68,9939 178,758 109,7 F) Composite

stratum: topo 032105 to sgrd cell 10 topo-032105 Gard-ce 110
151,736 21,326 130,410 (<) Composite

Page 1



18/
volume report 090905.txt

Project: land projects Fri September 09 18:53:05 2005
Site Volume Table: Unadjusted
cut Fill Net
yards yards yards Method

Site: CELL 6-10

Stratum: cell 6-10 fcvr airspace sgrd-cell6-10 fcvr-cell6-10
30 15,374,052 15,374,022 (F) Composite

Stratum: cell 6-10 sgrd cut-fill topo-032105 sgrd-cell6-10
962,425 431,448 530,977 (C) Composite

Stratum: cell 6-8 fcvr airspace sgrd-cell6-10 fcvr-cell6-8
1 5,386,536 5,386,535 (F) Composite

Stratum: fcvr airspace sgrd-cell6-10-fcvr8-paste cvr-cell9

B2 6,812,047 6,811,964) (F) Composite
Stratum: fcvr airspace sgrd-ce116-10-fcvrr-cell10

0 (3,174,785

3,174,786 (F) Composite

Page 1
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PROJECT .Johnston County C&D Landfill - Area 2

SUBJECT Earthwork Quantities

SHEET _ 1 OF

i4

JOB NO. _JOHNSTON-22

DATE 7/14/05

COMPUTED BY _PKS

CHECKED BY

Objective

Analysis

To determine the required volumes of soil and aggregate required for the construction

and operation of the landfill.

The volumes of each material will be calculated by taking design thicknesses and/or cross
sections and multiplying by design areas and/or lengths. Areas and lengths are

determined using AutoCAD, a planimeter, and/or direct measurement.

EARTHWORK WFPD

G.N. RICHARDSON & ASSOCIATES

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




N. Richardson & Associates SHEET: Z | &

Je][ JOB #: JOHNSTON-22
N. Boylan Avenue DATE: 10/6/05
Raleigh, NC 27603 BY: PKS
CHKD BY:
Johnston County Landfill - MSW Phase 4A - Cells 1&2
Earthwork Quantities
Daily and intermediate Cover Volume:
Volume of Pericdic Cover {cy) = 86,088 {From Life Expectancy Calcs.}

G.N. Richardson & Associates, Inc, MSW - Phase 4A (Cells 18&2) EARTHWORK.xIs



G.N. Richardson & Associates SHEET: z, 54'

JoB # JOHNSTON-22

14 N. Boylan Avenue Tel: 919.828-0577 DATE: 10/6/05

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

Johnston County Landfill - MSW Phase 4A - Cell 3

Earthwork Quantities

Subgrade Cut and Fill Yolumes:

Volume of Cut (cy) = 362 (From AutoCAD - See Attached}
Vaolume of Fill (cy) = 3,275 {From AutoCAD - See Attached)

LCS/Protective Cover Yolume:

Area of LCS/Pro. Cover (Ac.) = 7.4
Thickness of LCS/Pro. Cover (ft) = 20
Volume of LCS/Pro. Gover (cy) = 23,877
Daily and Iimtermediate Cover Volume:
Volume of Periodic Cover (cy) = 214,002 {From Life Expectancy Calcs.)
VYegetative Soil Layer (V5SL) Voluma:
Area of VSL (Ac) = 29.4 (From AutoCAD]} (Celis 1-3)
Thickness of V5L {ft) = 20
Volume of VSL {cy) = 94,864

G.N. Richardson & Associates, Inc. MSW - Phase 4A (Cell 3) EARTHWORK.xls



G.N. Richardson & Associates SHEET:

d JOB #:

Y . Boylan Avenue Tel: 919-828-0577 DATE:
Raleigh, NC 27603 Fax: 919-828-3899 BY:

CHKD BY:

Johnston County Landfill - MSW Phase 5
Earthwork Quantities

414

JOHNSTON-22
10/6/05
PKS

Vegetative Soll Layer {VSL) Volume:

Area of VSL (Ac.) = 19.2 {From AutoCAD} (Cells 1-3)
Thickness of V5L {ft) = 2.0
Volume of VSL ) = 61,962

G.N. Richardson & Associates, Inc. MSW - Phase 5

EARTHWORK .xls



G.N. Richardson & Associates SHEET: 5 .'/4
JOB #: JOHNSTON-22
14 N. Boylan Avenue Tel: 919-828-0577 DATE: 10/6/05
Raleigh, NC 27603 Fax: 919-828-3899 BY: PKS
CHKD BY:
Johnston County Landfill - MSW Phase 6
Earthwork Quantities
Subgrade Cut and Fill Volumes:
Volume of Cut (cy) = 279,483 (From AutoCAD - See Attached)
Volume of Fill (cy) = 55,613 (From AutoCAD - See Attached)
Compacted Soil Linar {CSL) Volume:
Area of CSL (Ac.) = 21.1 (From AutoCAD}
Thickness of C5L {ft) = 1.5
Volume of CSE (cy) = 51,062
LCSIProtective Cover Volume:
Area of LCS/Pro. Cover (Ac.) = 211
Thickness of LCS/Pro. Cover {ft) = 2.0
Wolume of LGS/Pro. Cover (cy) = 68,083
Daily and intermediate Cover Volume:
Volume of Periodic Cover {cy} = 210,302 {From Life Expectancy Calcs.)
Vegetative Soll Layer {(VSL) Volume:
Area of VSL (Ac.) = 21.1 {From AutoCAD)
Thickness of VSL (ft) = 20
Volume of V5L {cy) = 68,083

G.N. Richardson & Associates, Inc. MSW - Phase B EARTHWORK.xls



G.N. Richardson & Assoc

0.4

Vegetative Soil Layer {VSL) Volume:

t SHEET:
JOB #: JOHNSTON-22
el -828-05 DATE: 10/6/05
Raleigh, NC 27603 Fax: 919-828-31899 BY: PKS
CHKD BY:
Johnston County Landfill - MSW Phase 7
Earthwork Quantities
Subgrade Cut and Fill Volumes:
Volume of Cut {cy} = 222,037 (From AutoCAD - See Attached)
Volume of Fill (cy) = 85,202 {From AutoCAD - See Attached)
Compacted Soil Liner {CSL) Volume:
Area of CSL {Ac.) = 19.8 (From AutoCAD)
Thickness of CSL (ft) = 1.5
Volume of CSL (cy) = 47,916
LCS/Protective Cover Volume:
Area of LC5/Pro. Cover (Ac.) = 19.8
Thickness of LCS/Pro. Cover (ft) = 20
Valume of LCS/Pro. Cover (cy) = 63,888
Daity and Intermedtate Cover Volume:
Volume of Periodic Cover (cy)} = 263,849 (From Life Expectancy Calcs.)

Area of VSL (Ac.) = 19.8 {From AutoCAD)
Thickness of VSL (ft) = 20
Wolume of V5L (cy) = 63,888
G.M. Richardson & Associates, Inc. MSW - Phase 7 EARTHWORK xls



) G.N. Richardson & Associates

Earthwork Quantities

SHEET: 7 { ’4‘

JOoB #: JOHNSTON-22
14 N. Boylan Avenue Tel: 919-828-0577 DATE: 10/6/05
Raleigh, NC 27603 Fax: 919-828-3899 B8Y: PKS
CHKD BY:

Johnston County Landfill - MSW Phase 8

Subgrade Cut and Fill Volumes:

Volume of Cut {¢y) =
Volume of Fill {cy) =

Compacted Soil Liner ([CSL) Volume:

Area of CSL (Ac.)
Thickness of CSL (ft)
Volume of CSL (Cy)

LCS/Protactive Cover Yolume:

Area of LCS/Pro. Cover {Ac.) =
Thickness of LCS/Pro. Cover (ft) =
Volume of LCS/Pro. Cover {cy) =

Dally and Intermediate Cover Volume:

~

Wolume of Pariodic Cover {cy} =

242,630 {From AutoCAD - See Attached)
105,976 (From AutoCAD - See¢ Attached)

252 (From AutoCAD}
1.5
60,984

25.2
20
81,312

278,730 (From Life Expactancy Calcs.)

Yagetative Soil r {V5L) Voluma:
Area of VEL {Ac.) = 25.2 {From AutoCAD)
Thickness of VSL (ft) = 2.0
) volume of V5L (ey) = 81,312
G.N. Richardson & Associates, Inc. MSW - Phase B EARTHWORK xis




Earthwork Quantities

G.N. Richardson & Associates SHEET: 8. /4—

JOB &: JOHNSTON-22
14 N. Boylan Avenue Tel: 919-828-0577 DATE: 10/8/05
Raleigh, NC 27603 Fax: 919-828-3899 BY: PKS
CHKD BY:

Johnston County Landfill - MSW Phase 9

Subgrade Gyt and Fill Volumes:

Volume of Cut (cy)
Volume of Fill (cy)

Compacted Sgil Liner {CSL} Volume:
Area of CSL (Ac.

)
Thickness of CSL {ft)
Volume of CSL {cy)

LCS/Protective Cover Volume;
Arga of LCS/Pro. Cover (Ac.) =
Thickness of LCS/Pro. Cover (ft) =
Volume of LCS/Pro. Cover (cy) =
Daily and Intermediate Cover Volume:
Volume of Periodic Cover (cy) =

Yegetative Soll Layer (VSL) Volume:

Area of VSL {Ac) =

68,999 (From AutoCAD - See Attached)
178,758 (From AutoCAD - Se¢ Attached)

22,5 {From AutoCAD)
1.5
54,450

225
20
72,600

1,002,737 {From Life Expactancy Calcs.)

22.5 (From AutoCAD)

Thickness of VSL (ft) = 20
Volume of VSL {cy) = 72,600
G.N. Richardson & Associates, Inc. MSW - Phase 9

EARTHWORK xls

p—



Earthwork Quantities

G.N. Richardson & Associates SHEET:
JoB #:

14 N. Boylan Avenue Tel: 919-828-0577 DATE:
Raleigh, NC 27603 Fax; 919-828-3899 BY:
CHKD BY:

Johnston County Landfill - MSW Phase 10

9 .14

JOHNSTON-22
10/6/05
PKS

Subgrade Cut and Fill Volumes:

Compacte il Liner {C5L.} Yolurne;
Area of CSL {Ac.
Thickness of C5L (H
Volume of CSL (cy
LCS/Pretective Cover Volume:
Thickness of LCS/Pro. Caver (ft
Vaolume of LCS/Pro. Cover (cy

Daily and Intermadiate Cover Volume:

Vegetative Soil Layer {VSL) Volume:

Area of V5L (Ac.
Thickness of V5L {ft]
Volume of VL, (cy]

)
)
)

)
}

)
)
)

Volume of Cut {cy} =
Volume of Fill (cy) =

Area of LCS/Pro. Cover (Ac.) =

Volume of Periodic Cover {cy) =

151,736 (From AutoCAD - See Attached)
21,326 {From AutoCAD - See Aftached)

17.5 (From AutoCAD)
1.5
42,350

17.5
2.0
56,467

461,395 (From Life Expectancy Calcs.)

17.5 (From AutoCAD)
2.0
56,467

G.N. Richardson & Assoclates, Inc.

MSW - Phase 10

EARTHWORK xis



G N. Richardson & Associates

. Boylan Avenue
Raleigh, NC 27603

Earthwork Quantities

Tel: 919-828-0577
Fax: 919-828-3899

Johnston County Landfill - C&D Area 1

SHEET: {e:f
JOB #: JOHNSTON-22
DATE: 10/6/05

BY: PKS
CHKD BY:

Daily and Intermediate Cover Vglume:

Volume of Periodic Cover (cy) =

Vegetative Soil Layer {VSL) Volume:

Area of VSL {Ac.)
Thickness of V5L (ft)
Volume of VSL (cy)

18,075 {From Life Expectancy Caics.)

11.1 {From ACAD) (Portion Not Covered by Ph. 4A - Cell 3}
20

35,816

G.N. Richardscon & Assoclates, Inc.

C&D - Area 1

EARTHWORK.xls

p—



G.N. Richardson & Associates

N

: 919-828-0577
Fax: 919-828-3839

14N Boylan Aven
Raleigh, NC 27603

Earthwork Quantities

Jehnston County Landfill - C&D - Area 2

SHEET: ” f ’4"

JOB #: JOHNSTON-22

" DATE: 5/18/06
BY: PKS
CHKD BY:

Subgrade Cut and Fill Volumes:

Volume of Cut (cy) =
Volume of Fill (cy) =

Soil Liner Volume:
Area of Sail Liner (Ac.) =
Thickness of Soil Liner {fl) =
Volume of Sail Liner (cy) =

LCS/Protective Cover Volume:
Area of LCS/Protective Cover {Ac.) =
Thickness of LCS/Protective Cover (ft) =
Volume of LCS/Protective Cover (cy) =

Periodic Cover Soil Volumes:
Volume of Periodic Cover {cy) =

Veqetative Soil Layer {(VSL) Volume:
Area of VSL (Ac.} =

44,610 (From AutoCAD - See Attached)
77,952 {From AutoCAD - See Attached}

15.8 (From AutoCAD - See Attached)
1.0
2543

15.8 (From AutoCAD - See Attached)
20
50,981

86,329 (From Yolume/Life Calculations)

15.8 (From AutoCAD)

Thickness of VSL (ft} = 20
Volume of VSL {cy) = 50,881
G.N. Richardson & Associates, Inc. C&D - Area 2 EARTHWORK (Rev 0506).xls



12/,
volume report 100505.txt '/Jf

site volume Table: Unadjusted

cut Fill Net
yards vards yards Method
Site: PHASE 4A
cutferth
Stratum: [I)aste topo msw to D sgrd  topo-msw-052104-cd-paste
phased4a-cell3 sgrd ,
3,275 2,913 (F) Composite
stratum: topo Q605 to phda ce1§r topo-060205 ph4a-celll-2-icvr
\ 192 (F) Composite
r\ndcr-:l’j Remlder 569,192 (F) Comp

Stratum: paste topo 0605 to phd4a fcvr topo- 060205 ph4a celll-2-icvr-paste-3

phaseda-fcvr
141 1,450,700 (F) Composite

PU4A-Cetl 2

Page 1



2/ 4

\) volume report 092905.txt
Site volume Table: unadjusted
cut Fill Net
yards yards yards Method

Site: SITE2

stratum: sgrd-cel1-6-10 to fcvr-cell-6 sgrd-c vr-celle
@ 491 1,521,652 1,521,161 §F) Composite

—Stratumi—sgra-eetl-6-0—to—Fevp—eet=Z—sgra=Tel Fre=10—frvr=tell?
15637 3392 ; ; F) composite

tratum: paste-sgrd-ph7-to- fcvr 6-8 paste-sg -to-fevr-7  fovr-celi6-8
100 1,987,263 1 987,163 ¥F) Composite

stratum: paste-sgrd-fcvr-phé to fevr-cell7 paste- sgrd-cel16-10-to-fcvr-6

-cell?
547 1,871,341 1,870,795)(F) Composite
stratum: topo 032105 to sgrd cell 6 topo- 032105
279,493 55,613 Composite

stratum: topo 032105 to sgrd cell 7 topo-032105 9
222,037 85,202 Composite
stratum: topo 032105 to sgrd cell 8 topo-032105 ”
242,630 105,976 C) composite
stratum: topo 032105 to sgrd cell 9 topo-032105 ?
) 68,999 178,758 composite
Stratum: topo 032105 ‘to sgrd cell 10 topo- 032105 ”
151,736 21,326 Composite

Page 1
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SHEET _ 1 __OF pa

PROJECT _Johnston County C&D Landfill - Area 2 JOB NO. _JOHNSTON-22
DATE 7/14/05
E i COMPUTED BY _PKS
SUBJECT _Anchor Trench Analysis CHECKED BY
Objective To analyze the geomembrane anchor trench to ensure that it will anchor the membrane

during normal construction and operation but will pull out before the sheet tears under
excessive loads. Note that LLDPE geomembranes do not yield as do HDPE
geomembranes.

Assumptions 1. Max. Anchorage (c,,,,) = 1,300 psi

Analysis

2. Min. Anchorage (o) = 20 psi

min

Use the procedure outlined in Equation 3.21 page [II-23, “Geosynthetic Design
Guidance For Hazardous Waste Landfills & Surface Impoundments.”

- Trench Resisting Force (T) (1b/ft):

gLtand + (K, + K Y tan 8(0.53d° + qd)

r= ES ., cosf-sinftand

Where: p = slope angle (degrees)
L = trench set-back from crest (feet)
d = trench depth (feet)
FS,,;, = minimum factor of safety

Backfill Parameters:

¢ = intemal friction angle (degrees)
& = friction angle between backfill & geomembrane (degrees)
(20 25+ for textured LLDPE)
¥ = backfill unit weight (pcf)

_ _ 1-sing
K, = activesoil pressure coef. = ———

1+ sing

K, = Passive Soil Pressure Coefficient

(Varies from K, (AT REST) =1 - sing to K, = 1/K,)
g = dy

Determine T over range of . Compute stress in geomembrane by taking T/A, where
A = Thickness of Geomembrane (ft) over unit width of 1 foot. Compare stress with
allowable anchorage requirements. Also, compare stress of the geomembrane (40 mil

LLDPE o, = 1,500 psi.).
ANCHORTR.WPD

G.N. RICHARDSON & ASSOCIATES
Engineering and Geological Services
14 N. Boylan Avenue, Raleigh, NC 27603

Telephone: {919} 828-0577




Stress Calculations:

Stress in
5 tan & T (ib/ft) GM (psi) FSieeak
10 0.176 201.2 4191 36
15 0.268 312.3 650.7 2.3
20 0.364 434.1 9043 1.7
25 0.466 570.2 1,187.9 1.3

G.N. Richardson & Associates SHEET: 2. /%
olbgical : JOB #: JOHNSTON-22
14 N. Boylan Avenue Tel: 918-828-0577 DATE: 7114105
Raleigh, NC 27603 Fax: 919-828-3899 BY: PKS
CHKD BY:
Johnston County C&D Landfill - Area 2
Anchor Trench Analysis
input Parameters:
Side Siope Angle: 18.4 degrees
Geomembrane:
Yield Stress (6., = 1,500 psi
Thickness = 0.04 in
Backfill Parameters:
Internal Friction Angle (¢)= 25 degrees Ka 0.41
Unit Weight {y) = 110 pcf Kp 2.46
Trench Parameters:
Set-Back (L) = 3.0 feet
Depth (d) = 1.5 feet
FSmin. = 15

G.N. Richardson & Associates, tnc.

ANCHORTR.xis



SHEET 1 OF _ &
PROJECT _Johnston County C&D Landfill - Area 2 JOB NO. JOHNSTON-22
DATE 7114105
SUBJECT _Filter Geotextile Analysis COMPUTED BY__PKS
CHECKED BY

Objective

References

Analysis

To determine the maximum geotextile apparent opening size (AOS) to provide proper retention
to protect drainage media from piping and clogging from adjacent soil. Additionally, to
determine the minimum required geotextile permittivity to provide proper drainage from the
adjacent soil.

Koerner, R.M., Designing With Geosynthetics, Fourth Ed., Prentice Hall, Upper Saddle
River, N.J., 1999, pp. 84-91.

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

Steps 1 and 2:

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

Step 3:

Determine the soil retention requirements (maximum AQS). For steady-state conditions, use the
following chart.

Chart 1. Soil Retantion Criteria of Steady-State Flow Conditions

NON-DEPERSVE SOL Oy < U1WM

MORE. THAN K08
20% CLAY
ORPERSIVE SOL
DR>G3

USE 3 T0 6 INCHES OF VERY FINE SAND BETWEEN
SKML AND GEQTEXTILE, THEN DESIGN THE GEQIEX-
TILE AS A FKTER FOR THE SAND

LESS THAM 0% CLAY, anct #
MORE THAN 10% SILT LEE] ’_.r
r 3
ag > 0.002men and NON-PLASTIC 500 rd
"o < 0.0Tmnp :Hd l .
- LOOSE
oosw  Omc Fow

MEDUM 135
f_/;«ww Gue prdn
e

DEMSE AL
oz 55% Owse T, Mo

i GmeTulu

MEDM
O cla<omy Ow<lSCLlw

DEMSE
o2 5% Ogs < 2T, 0

& Yo
= panicie dumener of which alze: ¥ poment Iy smaber
* " 19 relative of tha soit
T WONE a0 07, are fhe exiremelies of ¥ sirsight ne v Pt = plesticly nea of the 3ok
LI wough the paricin-sice disurtusion, 43 cnecasd sbave and OHR = radcrof v 300
* Fm I the midipoint of this Ing Ogs = guorily opening sim:

GT FILTER.WPD

G.N. RICHARDSON & ASSOCIATES
Engineering and Geological Services
14 N. Boylan Avenue, Raleigh, NC 27603

Telephone: (919) 828-0577




SHEET 2 oF 5

PROJECT Johnston County C&D Landfill - Area 2 JOB NO. JOHNSTON-22
DATE 7/14/05

SUBJECT Filter Geotextile Analysis COMPUTED BY__PKS
CHECKED BY

1J.S. Sieve vs. Opening Size:

.S, Sieve Opening Size (mm)
100 0.150
80 0.180
70 0.212
60 0.250
50 0.300
40 0.425
30 0.600

Step 4:

Determine the geotextile permittivity requirements:

k
y=-£ (sec)
tg
Where: ¥ = minimum required geotextile permittivity (sec™)
k, = minimum allowable geotextile permeability (cm/sec)
k, 2 igkg
t, = geotextile thickness under design load (cm)
iy = hydraulic gradient (use 1.5 for landfills)
ks = permeability of retained soil (cm/sec).

Other Considerations:

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

G.N. RICHARDSON & ASSOCIATES

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




G.N. Richardson & Associates SHEET: g.‘ g
TEnDTmerth anu Lt oA, SR beE, s JOR%: JOHNSTON-22
14 N. Boylan Avenug Tel: 915-828.0577 DATE: 714/05
Raleigh, NC 27602 Fax: 915-828-3899 BY: PKS
CHKD 8Y:
Johnston County C&D Landfill - Area 2
Filter Geotextile Analysis
Application:  Drainage Geocomposite (LCS or Final Cover)
Primary Function:  Relention
Rglative Confinlng Stress:  Lowto High
Flow Conditions:  Steady-Stale
Soil Evaluated
B2 CC-81-P
Soit Descriptian: Clayay Sitty Sand Siity Clayey Sand
Soit Type: SMm SC-SM
Dact 0.720 0.340
Dy 0.600 0.260
Digg! 0.400 0.010
Doy 0.280 0.001
Dy 0.007 0.601
PL 16 20
Cs 3175 0.29
Soil Digpersion (When Appkcable): |s Sail Dispersive? (Y/N} Is Soil Dispersive? (Y/N)
N N
Recommended Maximum AQS
(mm) {(When Applicatle): 0210 0.210
No. 70 Slave No. 7] Sieve
Seil Stability {When Applicable): NA NA
C'y (When Applicable):
Soll Relative Density (Ip) {Losse
(L), Medium (M), Dense (D)
(When Applicable):
Recommanded Maximum ADS
{mm) {When Applicable);
Required Geglextila Properties: —_— -
Hydraufic Gradient (i,): 15 15
Estimated Soil Permeabilty (k,) :
5.0E:04 50E-04
{cmvsec):
Min, Allowable Geotextile
E 7.5E
Pemneabliity (ko) {cmvsec): 75604 5E-04
Gaotextile Thickness (ty) {em): 025 0.25
Min. Required Geotextile
L - 0.003 0.003
Permittivity (%) {sec™'):

G.N. Richardson & Associales, Inc.

DGC - Retention

L

T\”,' PA.\SQ of Sel Is
Antrc pated As
Protective (over

p r [/gscta.‘('l/d <)

(tes)
{ Layer{

Fes)

_-—-l-'—"’--_.-’-’




86/LL/Y :®led BUjjoIv) YUON ‘Ybiejey
.- Jou_?_om ge] $81e10088Y 1§ UOBPIBYIY 'N'D |

v ¥800-56-L _ON qor _399foid

(INS) ANVYS Alis AaAe|) Apybys ebuviQ | oeif oez| osr . ¢

Uopesssel) 40 Uopo@aseq (o5 Tl vd 11 o'm en pdeqraeg | “oN acton..

T sazs Av1D | S3Z1S LS T aae |7 woigaw [asuves | 3N 3ISUV09
S3NI4 ONVS JIAVHD
SI9}WHININ U] 921 UletD)
% 81000 z y : L9'Q z 4 s 810 4 g 4 4 oL z r I.

Qe

N

00Cck  O0L¥ o9# or# oc# oL¥ 14 ud

-8/€

wcit

-P/E

i $9Z|§ 9ARIG PT IS TSN

wbep Ag Jeuy Juesisgy




g6/6/z1 :@1eq eujole) YUON ’'Aluno) uojsuyop
lypus] Ajunod uoysuyop

5 vO-¥EQL-86-L "ON 9or :309j0id
JUE 'S9ID0jOULIR | O <D -
| s3ibojoUyR|@DD 77 (Ws-08) 419-92
\ GNVS suid 01 wnpeyy Aekeld A uey ebueip | oozl oez) ooy ¥ PIE
zor—-:m—m-—..m—ﬁ— WN—m z—éo UONeIP5Se) IO aopdpdse 1es rdl1d| 1M A C1EN _—uaog.iom- ‘oN Bupog
"Ts3zs AVID | s3zIs 1IS ENE wnigan | 3suvoD 3N ISHVY0D
saNi aNvs 13IAVHD
sigyetl U] 3Z1IS UIRID
9 8l00'0 ¥ 9 8l00 z v g L0 z 4 g L z v 5 4] Z y $ ao_w
Lir4
ot
M/ )
ﬁl«’ 08
I N
’f[
, ooL
00Z# OOL¥ 094  Ob# oz# oL® v# w o w b
2 R4
— sa215 BAGIS NURPURLS 'S'N

' ’ \)ﬂ

wBem Ag 1euld Juetied



SHEET 1 OF 3

PROJECT _Johnston County C&D Landfill - Area 2 JOB NQO. JOHNSTON-22
DATE 7/14/05

SUBJECT Cushion Geotextile Analysis COMPUTED BY__PKS
CHECKED BY

QObjective

Reference

Analysis

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

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

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

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

Use the equation given below to determine the required mass per unit area of a cushion
geotextile to protect a 60 mil HDPE (40 mil LLDPE in this case) geomembrane under
final design loads. The selected cushion geotextile should be a minimum of 12 oz. per

square yard to provide adequate protection during construction loading (Richardson,
1996 & 1998). '

1 1

M
VM5 MF, MF, * RFLRF.p, (Koemner Eqn. 5.33)

Patow = (50+ 000045

Where:  p,.,, = allowable pressure (kPa)

= Poctat * ES
Pocn = actual pressure (kPa)
F§ = factor of safety
M = geotextile mass per unit area (g/'m®)
H = protrusion height (m) (assume H = d,, = soil particle size (mm) for
which 50% of the total soil is finer)
MF; = modification factor for protrusion shape
MF., = modification factor for packing density
MF, = modification factor for arching in solids
RF., = reduction factor for long-term creep

RF opr,= reduction factor for long-term chemical/biological degradation

GT CUSHION.WPFPD

14 N. Boylan Avenue, Raleigh, NC 27603
Telephone: (919) 828-0577

G.N. RICHARDSON & ASSOCIATES
Engineering and Geological Services
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PEF: DESIGNING BT GEOSTNTHEDS, roeenEr.

%

536 Designing with Geomembranes Chap. 5

TABLE 5.18 MODIFICATION FACTORS AND REDUCTION FACTORS FOR GEOMEMBRANE
PROTECTION DESIGN USING NONWOVEN NEEDLE-PUNCHED GEQTEXTILES

Modiﬁcation Factors
MF ) MFpp, MF,
Angular 1.0 ¥ Isolated 1.0 Hydrostatic 1.0
Subrounded 0.5 Dense, 38 mm 0.83 Geostatic, shallow 0.75
Rounded 025 Dense, 25 mm 0.67 % Geostatic, mod. 0.50
Dense, 12 mm 0.50 Geostatic, deep 025 ¥
Reduction Factors
RF g
Protrusion (mm)
Mass per unit area -
RFCB D {g/ml) 38 25 12
Mild leachate 11 Geomembrane alone N/R LNR NR
Moderate leachate 1.3 3% 270 N/R N/R > 1.5
Harsh leachate 1.5 550 N/R 1.5 13
. 110¢ 13- 12 1.1
> 1100 =12 =11 . = 1.0

N/R = Not recommended

Paiiow = allowable pressure using different types of geotextiles and site-specific
conditions.

Based on a large number of ASTM 5514 experiments, an empirical relationship for

Panow has been obtained, Eq. (5.33). Tt requires the set of modification factors and re-
duction factors given in Table 5.18. '

M 1 1
= {50 + 0.00045 — 533
Pattow (5 H2)[MFS X MFpp X MFA][RFCR X RFCBD] (5.3%)

{ .

where

Paiow = allowable pressure (kPa),
M = geotextile mass per unit area (g/m?),
H = protrusion height (m),
MF; = modification factor for protrusion shape,
MF,, = modification factor for packing density,
MF, = modification factor for arching in solids,
RF o = reduction factor for long-term creep, and
RF pp = reduction factor for long-term chemical/biological degradation.

Note that m the above all MF values < 1.0 and all RF values = 1.0.

EDITionN,




SHEET 1__OF 2

PROJECT Johnston County C&D Landfill - Area 2 JOB NO. JOHNSTON-22
DATE 7/14/05

SUBJECT _Leachate Collection Pipe Spacing COMPUTED BY_PKS
CHECKED BY

Objective

References

Analysis

To evaluate the required leachate collection pipe spacing which will maintain at most 1
foot of head on the geomembrane under Normal Operating Conditions. Analysis will
calculate the maximum head using required values for permeability (leachate collection
media) or transmissivity (drainage geocomposite). If the selected pipe spacing indicates
an acceptable head, then the selected pipe spacing is acceptable.

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

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

for Landfills, Tenax Corp., Baltimore.

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

Impingement, r

L.CS PIPE SPACE.WPD

G.N. RICHARDSON & ASSOCIATES
Engineering and Geological Services
14 N. Boylan Avenue, Raleigh, NC 27603

Telephone: (919) 828-0577




SHEET 2 OF 3
PROJECT _Johnston County C&D Landfill - Area 2 JOB NO. JOHNSTON-22
DATE 7114105
SUBJECT _Leachate Collection Pipe Spacing COMPUTED BY_PKS
CHECKED BY

Step 1:

Step 2:

Where:

Step 3:

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

The controlling value R is calculated

¥

R=—
ksin® o
r = impingement rate
k = permeability of the drainage media (for Drainage Geocomposite, k
= transmissivity/thickness)
@ = slope angle of the liner

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

For R > 1/4 (Case 1);

Tax

For R = 1/4 (Case 2):

R(1- 2RS)
1- 2R

h_ . =SL

max

2R(S-1) }

eXpl(l— 2RS)(1- 2R)

For R <1/4 (Case 3):

1 1 2RS-1
How = SL(R - RS + R'S?)? exp{;arotan[

1o (212—1]
Barc 131 B

Bop = SI(R- RS+ R2S?)?

max

Where:

1[(1- A-2R)(1+ A—zRS)]ﬁ
(14 A-2R)(1- A-2RS)

hmee = maximum head (m - convert to desired units)

L = horizontal length of pipe spacing or distance to peak (m) (see
figure above)

S liner slope (m/m)

4 = (1-4rR)*

B (4R - D%

G.N. RICHARDSON & ASSOCIATES
Engineering and Geological Services
14 N. Boylan Avenue, Raleigh, NC 27603

Telephone: (819) 828-0577
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SHEET 1 _ofF 4

PROJECT Johnston County C&D Landfill - Area 2 JOB NO. _JOHNSTON-22
DATE 7/14/05
SUBJECT Leach lecti ; P COMPUTED BY _ PKS
chate Collection Pipe Sizing CHECKED BY
Objective To design leachate collection pipes to handle the maximum leachate generation rate.

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

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

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

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

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

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

Calculations
- Determine Peak Flow Rate:

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

Determine the drainage area (A) to each pipe such that 0, /0 > 2.0, where Q,,,, is the full
flow capacity (see below).

LCS PIPE SIZE.WPD

G.N. RICHARDSON & ASSOCIATES
Engineering and Geological Services
14 N. Boylan Avenue, Raleigh, NC 27603

Telephone: {919) 828-0577




SHEET 2 OF 4

PROJECT _Johnston County C&D Landfill - Area 2 JOB NO. _JOHNSTON-22
DATE 7114/05

SUBJECT Leachate Collection Pipe Sizing COMPUTED BY _PKS
CHECKED BY

- Leachate Collection Pipes:

Determine Flow Capacity (Q_ ).

8§ 1

- 0463D°5° (D&R Equation 8.24)

max

Where: Q... = Flow capacity {cfs)
D = Pipeinside diameter (in)
S = Pipeslope (ft/ft)
n = Manning’s roughness coefficient

Determine Factor of Safety (FS):

Oran

FS=
o

Determine Flow Depth:

1 e
h= 5( I- cos( 5)] D (D&R Equation 8.29)
Where: A = Flow depth {inches)
¢ = Central angle
1
o< 3?”[1 (- ,EKﬁT (D&R Equation 8.28)
K = Constant
-1
K= 06730 : 52 (D&R Equation 8.27)

G.N. RICHARDSON & ASSOCIATES
Engineering and Geological Services
14 N. Boylan Avenue, Raleigh, NC 27603

Telephone: (919} 828-0577




SHEET _3 OF 4‘

PROJECT Johnston County C&D Landfill - Area 2 JOB NO. _JOHNSTON-22
DATE 7/14/05

SUBJECT Leachate Collection Pipe Sizing COMPUTED BY _ PKS
CHECKED BY

Determine Flow Velocity:

L 0.0
A (6~ sin6) (D&R Equation 8.30 for “A™)
8
Where: V' = Flow velocity (ft/sec)
A = Cross-sectional area of flow (it*)

- Leachate Collection Pipe Perforations:

Determine Maximum Allowable Size of Perforations (D}

D_ = -%-?- (Reformulation of Cedargren Equation 5.11)
Where: D, .= Maximum perforation diameter to provide particle retention
D,; = Particle size of pipe bedding material for which 85% by weight of

the particles are finer
F = Factor varying between 1 and 2 (F = 1.2 for slots)

Determine Flow Capacity (Q ..
0. = C,A42gh (Malcom Equation 1-7)

Where: Q...= Flow capacity (cfs)
C, = Coefficient of discharge
A = Cross-sectional area of flow (ft°)
g = Acceleration of gravity (32.2 ft/sec?)
k= Driving head - centroid of orifice to water surface (ft}

Determine Factor of Safety (FS):

G.N. RICHARDSON & ASSOCIATES
Engineering and Geological Services
14 N. Boylan Avenue, Raleigh, NC 27603

Telephone: (919} 828-0577




G.N. Richardson & Associates

SHEET:; %4‘
;i JOB #: -1
14N, n A : DATE: 8/29/05
Raleigh, NC 27603 Fax: 919-828.3859 By: PKS
CHKD BY:
Johnston County C&D Landfill - Area 2
Leachate Collection System (LCS} Pipe Sizing - HDPE Pipe
Inpyt Parameters:
Manning's Rougness Coefficient = 0.009 (HDPE Pipe)
Dasign Leachate Flow = 14,600 galfacre/day  (Peak Daily Leachate Generatlan - Active Condition}
Dasign Leachate Fiow = .02 cfsfacre
Qrifice Coef. Of Discharga (LCS Pipe Perforations) = 6
LCS Piping
Poak Flow Flow Capacity{  Factor of
[+] Drainage Area Rate {Q} Fipa 1.D. Pipe Slope (18] Safety K [:} Flow Dapth Flow Area Flow Velacity
{CFS) M) (%) (CFS) (>=2.0) |(CONSTANT)| (<265% (IN)
Max. Aea-6" [ ] 170 § 0.37 58 1 0.74 2.0 0.155 181

LCS Pipe Perforations
[ S Mex_ - (o] &,
o] Ine Maximum P H
Stene Used for Pipe Bedding: No: 5T
= 4.750 inches {Typ. for No. §7 Stone)
F= 15
Max. Diameter - Circular Holes/Max. Width - Slots = 0.5¢ inches
Circular Holes
Actual Length
Paak Flow Allowable X-Sectional | Flow Capacity Min, Leagth of | of Collection Faclor of
[ia] Orainage Anea Rate {Q) Hote Diameter Head Area [{o 8] No. Holes/LF | Collection Pipe Pipe Safety
- {AC) {CFS) {IN) (I} (SF/Hole) {CFS/Hole) {FT) (FT) {>/=2.0)
“Mai Angs - 6* K7 0.31 4’ 0.001 0.004 4. 20 300 =+~ 149

Standard Dimension Ratic (SDR} of Pipe = 247 _(From Pipe Stress C )
Min. Wall
Nominal Pipe Size Pipa 0.D. Pips 1.O.
{IN) (IN)f {IN)
6.625 5

Note: User Input Values are in Bold.

G.N. Richardson Associates, Inc.

HOPE Pipe

LCS PIPE SIZING.xis

o
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SHEET _1 OF S

PROJECT _Johnston County C&D Landfill - Area 2 JOB NO. _JOHNSTON-22
DATE 7/14/05

SUBJECT HDPE Pipe Stress Analysis COMPUTED BY_PKS
CHECKED BY

Objective Evaluate collection pipe stresses due to long-term static (overburden) and short-term

dynamic (equipment) loads. For long-term static loads, check crushing and buckling
failure modes as well as ring deflection. For short-term dynamic loads, check crushing
failure mode.

References The Performance Pipe Engineering Manual, (2002), CPChem Performance Pipe,
Chapters 5 and 7.

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

Driscopipe Systems Design Manual, (1991), Phillips Driscopipe, Inc., p. 47.

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

Analysis Use FS,;, (Static) = 2.0, FS_;, (Dynamic) = 2.0.
Equations
- Crushing Failure:
S = (i] SDR (Perf. Pipe Eng. Man. Eq. 7-23)
288
Where: S = Compressive Stress in Pipe Wall (psi)
SDR= Standard Dimensional Ratio= Qutside Diameter
Thickness
P, = External Pressure (psf)
s T (HDPE = 1,600psi)
crush S
HDPE PIPE STRESS.WPD

G.N. RICHARDSON & ASSOCIATES
Engineering and Geological Services
14 N. Baylan Avenue, Raleigh, NC 27603

Telephone: (919) 828-0577




SHEET 2 OF 5

PROJECT Johnston County C&D Landfill - Area 2 JOB NO. _JOHNSTON-22
DATE 5/14/05

SUBJECT HDPE Pipe Stress Analysis COMPUTED BY__PKS
CHECKED BY

- Buckling Failure (Constrained Wall):

RB'E'E
Fp, =163 m (Guidelines - HDPE - Deep Fills - Eq. 10)
Where: Pep = Critical Buckling Soil Pressure (psi})
R = Groundwater Buoyancy Factor
H.,.
= 1- 033~
H
B’ = Flastic Support Coefficient

1
1+ 46(—0.0651‘{)

E’ = Constrained Soil Modulus (psi) (See Attached Table)
H = Height of Fill (ft)
H;, = Height of Groundwater (ft)

£ = Long-Term Modulus of Elasticity of Pipe (psi) (See Attached
Table)
P
FS,, .. = ——
buckle PCR

- Ring Deflection:
For constrained HDPE pipe, pipe deflection equals the strain in the surrounding bedding
soil. The safe pipe deflection for each SDR is shown on the attached table.

P
Pipe Deflection (%)= —L {Driscopipe p. 47)

1

G.N. RICHARDSON & ASSOCIATES
Engineering and Geological Services
14 N. Boylan Avenue, Raleigh, NC 27603

Telephone: (919) 828-0577




SHEET_3 OF _5
PROJECT _Johnston County C&D Landfill - Area 2 JOB NO. _JOHNSTON-22
DATE 7/14/05
SUBJECT HDPE Pipe Stress Analysis COMPUTED BY__PKS
CHECKED BY

-Equipment Loading:

Line Loads: (H&K Eq. 8-26)

2WZ?

Pr = PL = 7’
Where: W
VA

Point L.oads: (Perf. Pipe Eng. Man. Eq. 7-13)

3wz?

P. = = 3
27l

T

By

Dynamic Equipment Load (Ibs/ft or lbs) (= 1.5 times weight of
machine)

= Vertical Distance From the Point of Loading to the Top of the Pipe
(feet)

Using the above calculations for P, calculate the factor of safety for crushing failure as

shown above,

G.N. RICHARDSON & ASSOCIATES
Engineering and Geological Services
14 N. Boylan Avenue, Raleigh, NC 27603

Telephone: {919} 828-0577




PROJECT _Johnston County C&D Landfill - Area 2

SHEET _4

SUBJECT HDPE Pipe Stress Analysis

DATE

OF _S

JOB NO. _JOHNSTON-22

7/14/05

COMPUTED BY_ PKS

CHECKED BY

Table : Typical Design Values® for Constralned Modulus, E’

Vertica! Soil Geavelly Sand/Gravely | Gravelly Sand/Gravels Oravelly
Suru 95% Sud. Prowtor $0% Std. Proctor Sind/Gravely

(psl) {pal) (psi) £5% Stud. Procior

Lpsi)

10 3000 1500 300

20 3500 1700 650

40 4500 2100 500

60 3500 ., 300 1150

=
80 500D 2000 1300
100 6500 3200 1450

(SuPELINES FoR HPPE PIFE I8 DEEP Frees - TABLE L)

Table . Typical Elastic Modulus for DRISCOPLEX™ PE 3408

n Elastic Madulust, 1000 psi (MPa), at Temperarure, °F {°C}
2002 | org @ | eas | 73@n | 100038 | fwen | 140060
] 3000 2600 170.¢ 1300 1100 100.0 650 50.0
Short-Term (2069 (1783) QL (296) (758} (696) {448) (345)
on 1408 1220 798 6.0 573 Ty 305 5.5
oM (341} (550) N (396} %) 210 (162)
. 1254 108.7 e 343 512 ala 772 209
(865) (749} (490) 079 (353 (233) {188 (144)
o0n 1070 918 50.7 464 237 57 232 178
(738) (640} (419 {120) 301 246) (160} (123)
: 930 306 527 03 380 o 202 155
¥ 641 (536 363) 278) (262) a9 (139 (o
774 7.1 a8 s 316 758 168 129
10y
(539) (467) @) @0 218) (78 (116) (89)
0y 69.1 399 9.8 299 Pk 282 10 150 ILs
{476) “ ) (206) (199 Q59 (163) 9
t Typical values based on ASTM D 638 testing of molded plaque material specimens.

( PERFORMANCE P1PE ENG, MANUAL -T-AE:LE s~1)

(PERFORMARCE PIPE ENG. MANUAL - TABLE 7-9)

Table - Safe Pressure Pipe Deflection
DR Safe Deflection as
% of Diameter

325 8.5

26 70

21 8.0

17 50
13.5 AD

11 3.0

9 25

G.N. RICHARDSON & ASSOCIATES
Engineering and Geological Services
14 N, Boylan Avenue, Raleigh, NC 27603

Telephone: (919} 828-0577




SHEET: S Y
A : : JoB #: JOHNSTON-22
14 N. Boylan Avenue Tel: $19-828-0577 DATE: S/81a5
Raleigh, NC 27503 Fax;: 519-828-3899 BY: PKS
CHKD BY:
Johnston County C&D Landfill - Area 2
HDPE Pipe Stress Analysis - LCS Piping
Case 1: Long-Term Siatlc Loading » ?,}/‘fx-’
Max. Height of Fill {H} {fl) = 150 e Manx. Vertical Stress (P;) {psf} = 10,500
Avg. Unit Weight (pcf) = 70 Max. Vertical Stress {Py) (psi} = 73
Height of Groundwater (Haw) (ft} = 1 (12" Max. Head}
Constrained Scil Modulus {E*) {psi} = 5,500
Leng-Term Modulus of Elasticity of Pipe (E} {psi} = 28,200
Groundwater Buoyancy Facter (R) = 0.9588
Elastic Suppart Coefficient (8'} = 1.000
Igulate Safety Factors Agains hing. Buckling, and Ring Deflection:
Ring
SOR S (psi} E (psi) Peq {psi) FScimy FSaycue Defl. {%) Comment
17 620 28,200 37 2.58 4.34 13 oK.
13.5 492 28,200 439 3.25 6.29 1.3 O.K.
Rk 401 28,200 641 3.99 8.79 1.3 OK.
2: Shopt-T Dynamic (Fquif i i
i Y
SOR (Determine From Static Loading Analysis) = Ci’/
Line Loads:
I Waeight* I Track Dynamiic Line Loads {psi) s F5
Equipment {lbs} Length{ft) [ 6" Cover 12" Cover 18" Copver | 6" Cover 12" Cover 18" Cover | 6" Cover 12" Cover 18" Cover
D4 Bulldozar {P4C-11) 19,485 6.74 14 10 6 163 81 54 948 189.6 29.5
D& Bulldozer (DEH:II) 46,305 8.63 26 18 12 302 151 101 53 10.6 15.9
D8 Bulldazer (DBL) 95,838 10.5 81 30 20 514 257 171 31 6.2 9.3
853 Track'Loader 7,560 75 33 17 1 282 141 94 57 1.3 17.0
963Track Loader 48,914 8.08 40 20 13 M 171 114 4.7 9.4 14.1
Welght* | Number | Dynamic Paint Loads {psi} s FS
(ibs) of Tires 6" Cover 12°Cover 18" Cover | 6 Cover 12" Cover 18" Cover | 6" Cover 12" Cover 18" Cover
e85 | 4 242 €0 27 2,056 514 228 31 79
91,000 1. 4 453 113 50 3,847 62 427 1.7 iz
115185 |- 4 573 143 64 4,870 1,247 541 i3 30
45477 4 226 57 25 1923 431 214 33 75
69,733 4 347 B7 39 2,848 737 328 2.2 49
* Includes Blades, L.oaded Buckets, sic,
oPS. ResTRICTINS
L
HANPLE THIS
G.N. Richardson & Associates, Inc. LCcs PIPE STRESS - HDPE.ds



SHEET 1 OF |2

PROJECT _Johnston County C&D Landfill - Area 2 JOB NO. _JOHNSTON-22
DATE 10/6/05
SUBJECT _Evaluation of Leachate Generation Rates COMPUTED BY__PKS
CHECKED BY
Objective To predict leachate generation rates for various operational conditions and evaluate rates

Assumptions

Analysis

of removal for the “surge” condition.

Assume four operational conditions as follows:

Open - Small quantity of waste in cell; almost all of runoff is leachate
Active - One 10 foot lift of waste in place; no runoff

Interim - 40 feet of waste in place under intermediate cover

Final - Final cover in-place; minimal infiltration.

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

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

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

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

Step 1: Determine the leachate generation rates for the above conditions using the
HELP (v. 3.07) Model. These rates are as follows (see attached computer
output files):

Active - 678 gallons/acre/day
Interim - 537 gallons/acre/day
Final - 0.11 gallons/acre/day.

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

LEACHATEGENERATION.WPD

G.N. RICHARDSON & ASSOCIATES

Engineering and Geological Services

14 N. Boylan Avenue, Raleigh, NC 27603
Telephone: {919) 828-0577




SHEET 2 OF |L

PROJECT _Johnston County C&D Landfill - Area 2 JOB NO. _JOHNSTON-22
DATE 10/6/05
SUBJECT _Evaluation of Leachate Generation Rates COMPUTED BY_ PKS
CHECKED BY
Step 3: Estimate leachate generation rates using empirical values for the various

conditions expected before, during, and after landfill operations. In this
case, leachate generation rates are predicted for the following scenarios:

A, Completion of Phase 5 and Phase 4A - Cells 1 and 2 (MSW)
operations (Phase 5 and Phase 4A - Cells 1 and 2 (MSW) under
Interim conditions);

B. Initial filling of Area 2 (various areas under Open, Active, and

Interim conditions) (maximum value is taken as the surge event for
Area 2); and

C. Waste covers Area 2 (no areas Open,; various areas under Active and

Interim conditions) (maximum value is taken as the typical
generation rate for Area 2).

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

G.N. RICHARDSON & ASSOCIATES
Engineering and Geclogical Services
14 N. Boylan Avenue, Raleigh, NC 27603

Telephone: (919) 828-0577
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- HYDROLOGIC EVALUATICON OF LANDFILL PERFOFMANGCE

HELP MODEL YERSIOH 3.07 (1 KOVEMBER 1997}
DEVELOPED BY ENVIRGNMENTAL LABORATORY
USAE WATERWAYS EXPERIMENT STATIOH

" FOR USEPA RISK REDUCTION ENGINEERING LABOAATORY

FreLmadddbibeadibatben

PRECIPITATION DATA FILE:
TEMPERATURE DATA FILE:
SOLAR RADIATION DATA FILE:
EVAPOTRANSPIRATION DATA:
S0IL AND DESIGH DATA FILE:

OUTPUT DATA FILE:

TIME: 18:21

DATE:

D: \PKSFIL~1\2ENGER-1\HELP3\ RALNCP . D4

D: \PKSFIL~1\2ENGER~1\HELPI\RALNCT. D7
D: \PKSFIL~1\2ENGPR-1\HELP3\FALNCS, D11
D: \PKSFIL~1\2ENGPR~1\HELP3\RALNCE. D11
D: \PKSFIL~15\2ENGPR~1\HELP3\JCACTIV.DLD
Di \PKSFLL~1\2ENGPR~ L\HELE3\JCACTIV,.OUT

7/147200%

TITLE:

Johnston County CEBLF - Area 2 - Active Conditicn

D T S

srrirars

B

NOTE:

COMPUTED AS NEARLY STEADY-STATE VALUES BY THE FPROGRAM.

THICKNESS =
FOROSITY

FIELD CRPACITY

WILTING POINT

INITIAL SOIL WATER CONTENT
EFFECTIVE SAT. HYD. COHD. =

HOTE:

THICKNESS =
PORGSITY

FIELD CRFACITY

WILTIRG FOINT

INITIAL 50IL WATER CONTENT
EFFECTIVE SAT. HYD. COND.

ROTE:

TYPE 1 ~ VERTICAL PERCOLATION LAYER

MATERIAL TEXTURE NUMBER 7

%.00 INCHES

¢.4730 VoL/vor

G, 2220 VOL/VOL

0.1040 VOL/VOL

0.2357 wOL/vOL
0,32¢00000L000E-03 CM/SEC

[

FOR ROOT CHANNELS IN TOF HALF OF EVAPORATIVE 20ME.

TYPE | - VERTICAL FERCOLATIGH LAYER
MATERIAL TEXTURE NUMBER 18
izo.00
= 0.671% voL/vVOL
= 0.2920 VOL/VOL
= 0.0770 WL/VOL

INCHES

0.3065 VOL/VDL,
C.100000005000E-02 {M/SEC

GENERAL DESIGN AND EVAPORATIVE LONE DATA

SCS RUNOFF CURVE NUMBER WAS COMFPUTED FROM DEFAULT

SOIL DATA BASE USING SOIL TEXTURE # 7 WITH BARE
GROURD CONRITIONS, A SURFACE SLGPE OF 2.% RHD

INITIAL MOISTURE CONTENT OF THE LAYERS AND SNOW WATER WERE

SATURATED HYDRAULIC CONDUCTIVITY 15 MULTIPLIED BY 3.00

A SLOPE LENGTH ¢F 300. FEET.

3CS RUNOEFF CURVE RUNBER - BB.20

FRACTION OF ARER ALLOWING RUNCFF - 0.3 PERCENT
ARER FROJECTEDR ON HORIZONTAL PLANE = 1.000 ACRES
EVAPCRATIVE ICHE DEPTH = 22.49 INCHES
INITTAL WATER IN EVAPORATIVE ZONE = 5.966 INCHES
FPPER LINIT OF EVAPORATIVE STORAGE = 13,574 INCHES
LOWER LIMIT OF EVAPORATIVE STORAGE = 1.856 INCHES
INITIAL SNOW WATER = @.000 INCHES
INITIAL WATER IN LAYER MATERIALS - 49.441 INCHES
TOTAL ENITIAL WATER o= 49.441 INCHES
TOTAJL SUBSURFACE INFLOW = 2.00  INCHES/YEAR

EVAPOTRANSPIRATICN AND WEATHER DATA

ROTE:
RALEIGH

STRTION LATITUDE

EVAPOTRANSPIRATION DATA WAS OBTAINED FROM
RORTH CAROLINA

35.87 DEGREES

MAKIMUM LEAF AREA INDEX = 2.90

START OF GROWING SEASOM (JULLIAN DATE} = g6

END OF GROWING SEASON |JULIAN DATE} & 10
EVAPORATIVE ZONE DEPTH = 22.0 INCEES
AVERAGE ANNUAL WIND SPEED = 7.T0 HPH
AVERAGE 18T QUARTER PELATIVE HUNIDITY = 66.00 %
AVERAGE 2ND QUARTER RELATIVE HUMIDITY = 7C.00 §
AVERAGE JRD QUARTER RELATIVE HUMILITY =~ 73.00 %
AVERAGE ATH {QUARTER RELATIVE HUMIDITY = 72.00 %

NOTE: FRECIPITATION DATA WAS SYNTHETICALLY GENERATED USING
COEFFICIENTS FOR RALEIGH NORTH CRROLINA
HORMAL MEAN MONTHLY PRECIPITATICN (INCRES)

JAN/ JUL FER/AUG MAR/SEP APR/OCT MAY/NGY JUN/DEC
3.5% 3.1] 3.69 2.491 .67 3.66
4.38 .44 3.29 2.1 2.87 .4

WOTE: TEMPERATURE DATA WAS SYNTHETICALLY GENEPATED USING

COEFFICIENTS FOR RALEIGH

HORTH CAROLINA

NORMAL MEAN MONTHLY TEMPERATURE {DEGREES FAHRENHELT)

JAN/ JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC
39,60 11,60 49,30 59.50 67.20 73.5%0
77.70 T7.60 71.00 59,70 50.00 42.00

TYPE 1 —~ VERTICAL PERCOLATICH LAYER
MATERIAL TEXTURE NUMBER 1

THICKNESS =
BORGSITY =
FIELD CAPACITY =
WILTING FOINT =
INITIAL SCLL WATER CONTERT =

24.00 INCHES
0.4720 VQL/VOL
0,2220 VOL/VOL
a.1040 vaL/VOL
0.230% VOL/VCL

EFFECTIYE SAT. HYD. COMD. 0.520000001000E-02 CM/SEC
LAYER A
TYPE 2 - LATERAL DRRINAGE LAYER

MATERTAL TEXTURE NUMBER 20
THICKNESS = ©.25  INCHES
PORGSITY - 0. 8500 VOL/VOL
FIZLD CAPACITY = 0. 0100 VOL/VOL
WILTING FOINT - ¢.0050 VOL/VOL
INITIAL SOIL WATER CONTENT = 0.0100 VOL/VOL
EFFECTIVE SKT. HYD. COND. =  10.0000000000 CH/SEC
SLOPE = 2.00  PEACEXT
DRAINRGE LENGTH = 200.0 FEET

LAYER 5
TYPE 4 - FLEXIBLE MEMBRANE LINER

MATERIAL TEXTURE NUMBER 36
THICKNESS = 0.04 THCHES
POROSTITY = 0,0000¢ VOL/VOL
FIELE CAPRCITY = 0.0000 VOL/VOL
WILTING POINT = 0.0080 VOL/VOL
INITIAL SOIL WATER CONTENT = 0.000¢ VOL/VOL
EFFECTIVE SAT. HYD. COHD. = (3, 3999993%1000E-12 CM/SEC
FML PINAOLE DENSITY - 1.00 HOLES/RCRE
FML INSTALLATION DEFECTS = 0.0¢  HOLES/ACRE
FML PLACEMERT QUALITY = 3 - Good

TYPE 3 - BARRIER 501L LINER

MATERIAL TEXTURE NUMBER 0
THICENESS = 12.00 1HCHES
POROSITY G.4750 VoL/vOL

FIELD CAPACITY

WILTING POINT

INITIAL SOLL WATER CONTENT
EFFECTIVE SAT. HYD. COND.

NOTE:
COEFFICIENTS FOR
AND STATION LATITULE

RALEIGH

G.3780 VOL/VOL
G.2650 VOL/VOL
. 4750 VOL/VOL
0.999395575000E- 05

= 39,97 DEGREES

CH/ SEC

SOLAR RADIATION DATA WAS SYNTHETICALLY GENERATED USIHNG
HORTH CARGLINA

N T T L T T L T L T Ty T

AVERAGE MONTHLY VALUES IN INCHES FOR YEARS

1 THROGUGHE 20

PRECIPITATION
TOTALS .44 2.92 3.81
4.24 5.43 2.49
5TD. DEVIATICHS z.07 1.23 1.51
1.91 3.72 1.67
RUNOFF
TOTALS 0.000 ¢.000 0.000
0.000 G.006 0.00¢
STD. DEVIATIONS . Q00 2.000 0.00¢
¢.o00 a.o0o00 0.000
EVAPOTRANS PIRAT ION
TOTALS 404 1.72% 2,964
1.131 1.1¢8 2.641
STD. DEVIATIONS 0.154 0.243 0.311
1.513 1.2392 1.115
LATERARL DRAINAGE COLLECTED FROM LAYER 4
TOTALS 1.1493 1.7106 1.£137
0.2564 Q.k102  0.6624
STD. DEVIATTONS 0.8153 1.1576 §-1032
0.3488 0.1542 i.9487
PERCOLATION/LEAKRGE THROUGH LATER 6
TOTALS 0.0000 0,9001  9.0001
o.onco 0.9000 a.o000
5TC. DEVIATIONS 0.0000 0.9000 9.000G
0.0000  0.9000  £.0001

0.00¢
9.000

0,000
0.600

2.732
1.296

0.825
¢. 405

1.2509
0.2594

1.0332
4.7273

0,0001
G.000G

©0.0000
. 000G

1.G00
¢.800

G.¢00
0.000

4.210
1.14%

0790
0.153

0.6079
0.1671

a.47231
0.3119

0.00D0
0.0000

0.0000
0.0000

0.000
0.000

©¢.000
0.000

4,665
1.022

1.464
0,372

0.5376
0,833

0.8138
1.15%93

0.0000
0.0000

0,00080
0.0000



AVERAGES OF MOWTHLY AVERAGED DAILY HERDS {INCHES)

AVERAGES 0.0065  0.0107 a.0032 0.90076 0.0035 0.0035
0.0015 ©.0006 0.003% 0.00315 4.0010 0.0039
STD. DEVIATTONS 0.0048  0.0071 0.00£3 0.8061  £.0024 Q.00448
0,3320  0.000% 0,011  0.0041 ¢.0018 0, 0066

redtbeddtarraany

L R L L L L T LI T T

B L T Y

AVEBRAGE ANKNUAL TOTALS & {5TD. DEVIATICNS) FOR YEARS

1 THROUGH 20

L R R R R T LR AT PR

PERK DALY VALUES FOR YEARS

4z

LR P

1 THROUGH 20

ITNCHES) ICu. FT.}

FRECIFITATION §.22 18948, 600 N
RUNGEF D.002 Q. 0000 j
DRARTHAGE COLLECTED FROM LAYER 4 D.51336 1870. 74683
FERCOLATION/LEAKAGE THROUGH LAYER 6 0.000017 0.06250
AVERAGE HERD ON TOP OF LAYER 5 0.05%
MAXIMUM HEAD ON TOP OF LAYER 9 0,17s
LOCATION OF MAXIMUM HEAD IN LAYER 4
(DISTANCE FROM DRAIN| 3.5 FEET
SNOW WATER 1.20 6847.7266
MAXIMUM VEG. 501L WATER (VOL/VGL) 0. 4EDG
MINIMUM VEG. 3QIL WATER {(VOL/VOL) 0.0B44

Maximum heads are compuled using MeEnrce’s equations. =+

Faference:

Maximum Saturated Depth over Landfill Liner
by Bruce M. McEnzce, UniversikLy of Kansas

INCHES PERCENT
PRECIPITATION 41.28 { B.1064] 145735.7 100,00
RUNOFF 0.600 { 0.0000) 0.0 C. 000
EVAPOTRANSPIRATLON 32.183 { 3.6299) 116753, 15 71.873
LATERRL, DRAINAGE COLLECTED 9.10874 { 5.18516} 22.06208
FROM LAYER 4
PERCOLATION/LEAKAGE THROUGH 0.00837 { 0.0001%) 0.0065L
LAYER
AVERAGE HEAD ON TOP 0.003 | ©.0n3)
OF LAYER 5
CHANGE IH WATER STORAGE -0.621 { 1,9%21) -83.5& -0.056

R L Y

678 5pad

D et S

FINAL WATER STORAGE AT END OF YEAR 20

ASCE Journal of Environmental Englneering

Yal, 11%, No. 2,

“ddibrsrerrrrrareren

Kacch 1993, pp. 262-270.

T

SHOW WATER

dhdbdnaberbnbbenbhn

(IRCHES)
34,8402
T.0430
0.01&6
D.00Ga
5.7000

0.000

{VOL/VOL}

Tomen
0.2803
0.2335
0.0662
0.0000

0.14750

R e e e T T S a g
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b HYDROLOGIC EVALUATION OF LANDFILL FERFGRMANCE .
b HELF MODEL VERSION 3.07 {1 KOVEMBER 1397) e
- DEVELOPED BY ENVIRONMENTZAL LABORATORY e
b USAE WATERWAYS EXPERIMENT STATION ‘o
a fOR USEPA RISK REDUCTTON ENCINEERING LABORATORY s

-

T P

FRECIPITATICON DATA FI1LE:
TEMPERATURE DATA FILE:
SOLAR BRADIATION DATA FILE:
EVAPOTFANSPIRATION DATA:
SOIL AND DESIGN DATR FILE:
CUTPUT DATA FILE:

Di\PKSFIL~I\ZEHGPR~ }\HELP3I\RALNCP. DA
B:\PKSFIL~1\2ENGFR- I\KELPI\RALNCT.D?
D\ PKSF1L-1\ZENGPR~I\HELPI\RALRCS . 113
D:\PKSFTL~1\ZENGPR~I\HELP3\RALNCE. D11
B:
1]

s \FKSFIL~I\2ZENGPR-I\BELPI\JCINTRM.D1O
t\PKSFIL~I\ZENGPR-I\HELEI\JCINTEN . GUT

R T T T

TIHE: 1§:21 DATE: /1472605

R T R T T R T T T T T T PP

TITLE: Johnston County CADLF - Area

D

NGTE:  IRITIAL MOISTURE CONTENT OF THI

2 = Interim Conditlon

LTI L T LT

F TAYERS AND SHCW WARTER WERE

COMPUTED AS NEARLY STEADY-STATE VALUES BY THE PROGRAM.

TYPE | - VERTICAL PER
MATERIAL TEXTURE

COLATION LAYER
NUMEBER T

THICKNESS = 12.40 INCHES

POROSITY = 0. 4730 vOL/VOL
F1ELD CAPACITY = 0.2220 wWL/voL
WILTING FOINT = ¢. 1040 VOL/VOL
INITIAL SOIL WATER CONTENT = 0.2268 VOL/VOL

EFFECTIVE SAT. HYD. COMD. =

0.520000001000E-03 CM/SEC

HOTE: SATURATED HYDRAULIC QOHNDUCTIVITY ¥S MULTIPLIED BY 3.00

FOR ROOT CHANNELS IN TOP

LAYER

HALF OF EVAPORATIVE ZONE.

2

TYPE 1 - VERTICAL FER

COLATION LAYER

MATERIAL TEXTURE NUMBER 18

THICKNESS

= 480.00 INCHES
POROSITY = 0.6710 VOL/VOL
FIELD CAPACITY = 0.2920 voL/voL
WILTING FPOINT - 0.0770 VOL/VOL
INITIAL 50IL WATER CONTENT = 0.2960 VOL/VOL
EFFECTIVE SAT. HYD. COND. = 0.100580005000E-02 CM/SEC

GENERAL DESIGN AND EVAPORATIVE ZONE DATA

NOTE: SCS RUNOFT CURVE NUMBER WAS COMPUTED FROM DEFAULT

50IL DATA BASE USING 5G]
GROUNE CONDITIONS, A SURI
h SLOPE LENGTH OF 300,

5CS RUNOFF CURVE HUMBER

FRACTICN OF AREA ALLOWING RUNQFF
AREA PROJECTED QN HORIZONTAL PLANE
EVAPORATIVE ZONE DEPTH

INITIAL WATER IN EVABCRATIVE ZONE
UPPER LIMIT OF EVAPORRTIVE STORMGE
LOWER LIMIT OF EVAPORATIVE STORAGE
INITIAL SHOW WATER

INITIAL WATER IN LAYER MATERIALS
TOTAL INITIAL WATER

TCTAL SUBSURFACE INFLOW

EVAPOTRANSPIRATION AND

L TEXTURE # 7 RITH BARE
FACE SLOPE OF 2.% AND
FEET.

89.20
100.¢ EBEHCENT
1.400 ACRES
22.¢ INCHES
5.656 INCHES
12.386 INCHES
2,028 INCHES
¢,300 INCHES
156.096 INCHES
156,456 INCHES
G.00  IHCHES/YEAR

LI I I B B B B B

WERTHER DATA

RCQTE: EVAPOTRANSFIRATION DATA WAS QOBTAINED FROM
RALEIGH NORTH CARCLINA

STATICN LATITUDE
MAXIMUH LEMF ARER IRUEX

35,87 DEGREES

TYPE 1 - VERTICAL PERCOLATICH LAYER
MATERTAL TEXTURE NUMBER 7
24,94 INCHES
0.4730 VOL/VOL
0.2220 volL/voL
0.1040 VOL/VOL
0.2322 VOL/VOL

0.520000001000£-03

THICKNESS =
POROSITY =
FIELD CAPACITY =
WILTING PCIHT =
INITIAL SCQIL WATER CONTERT =
EFFECTIVE SAT. HYD. COND. =

TYPE 2 - LATERAL DRAINRGE LAYER

MATERIAL TEXTURE NUMBER 20
= 0.2% INCHES

0.8500 VOL/VOL
0.0100 VoL/VoL
0.005%0 VRL/VOL
0.0100 VOL/VOL

10. 0003090000
2.00 PERCENT

200.0 FEET

THICKRESS
POROSITY
FIELD CAFACITY
WILTING POIWT
INITIAL 5C1L WATER CONTERT
EFFECTIVE SAT. HYD. COHD.
SLOFE

DRAINAGE LENGTH

LI I R TR

TYPE 4 - FLEXIBLE MEMBRANE LINER
MATERIAL TEXTURE NUMBER 36

THICKNESS = Q.04
FOROSETY
FIELD CAPACITY
WILTING FOINT
INITIAL 5CLL WATER CONTENT
EFFECTIVE SAT. HYD., COHD.
FML PINHOLE DENSITY
FML INSTALLATIGH DEFECTS
FML PLACEMENT QUALITY

INCHES
Q.0000 VOL/VOL
0. 0000 VOL/VOL
€. 0000 VOL/VOL
0.0000 VOL/VAL
0.399599993000E-12

[ TR I

TYPE 3 - BARRIER SOIL LINER
MATERIAL TEXTURE HUMBER G
iz.o0 INCHES
8,475¢ VOL/VOL
©.3780 VOL/VOL
0.2650 VOL/VOL
©0.4750¢ VOL/VOL
G.5%9999375000E-05

THICKNESS

POROSITY

FIELD CAPACITY

WILTING FOINT

INITIAL SOIL WATER CONTENT
EFFECTIVE SAT. HYD, COND.

B o

NOTE: SOLAR RADIATION DATA WAS SYNTHETICALLY GENERATED IJSING
HORTH CARQLINA

COEEFICIENTS FOR RALEIGH
AND STATION LATITUDE = 35.87 DEGREES

CH/SEC

CMSSEC

CH/SEC

i.00 HOLES/ACRE
8.00 HOLES/ACRE

CM/SEC

B R L L D R S Lt R L R e L L Ty

AVERAGE MONTHLY VALUES 1N INCHES FOR YEARS

@ THROUGH 20

=

START OF GROWING SEASON (JULIAN DATE) =

END OF GROWING SEASON (JULIAN DATE} =
EVAPORATIVE ZLONE DEPTH =

AVERAGE ANNUAL WIND SPEED = 7.7¢ MPH
AVERAGE 15T QUARTER RELATIVE HUMIDITY = 66,00 %
AVERAGE 2ND QUARTER RELATIVE HUMIDITY = 70.00 %
AVERAGE 3R> QUARTER RELATIVE HUMIDITY = 7B.00 %
AVERAGE. 4TH QUARTER RELATIVE HUMIDITY = 72.00 %

22.0 INCHES

PRECIPITATION
TOTALS 3.44 2.92 3.81 2.20
4.24 5.43 2,40 2.87
STD. DEVIATIONS 2.0% 1.23 1.51 1.52
1.8} 3.72 1.67 2-o0
RUNOFF
TOTALS ©.366 0.0%7 Q.169 0.059
¢.189 0.554 9.158 0.175
3TD. DEVIATIONS G.4B5 0,116 0.194 0.127
4,258 1.929 9.263 0.272
EVAPOTRANSFIRATION
TOTALS 1417 1.738 2.976 2.712
3,993 4,060 2,504 1,285
STD. DEVIATIONS 0.162 B.246 0.306 0.935

1. 460 1.295 1.169 0.405

RGTE: PRECIPITATION DATA WAS SYNTHETICALLY GENERATED USING

CGEFFICIENTS FOR

RALEIGH HORTH CAROLINA

HORMAL MEAN MONTHLY PRECIFITATION (INCHES)

JAR/JUL FER/AUG MAR/SEP APR/OCT MAY/HOY JUN/DEC
3.55 3.43 3.89 z.91 3.67 3.866
4.38 .44 3.29 2.73 2.87 3.4

NOTE: TEMPERATURE DATA WAS SYNTHETIGALLY GENERATED USING

COEFFICIENTS FOR

RALETGH HORTH CAROLINA

NORMAL MEAN MONTHLY TEMPERATURE (DEGREES FAHRENHEIT)

JAR/JUL FEB/RUG MAR/SEP AFR/CCT MAY/HOY JUN/DEC
39.60 41.80 49.30 59.50 67,20 73.90
17.70 77.00 71.00 59.70 S0.00 42.00

LATERAL DRAINAGE COLLECTED FROM LAYER 4

TOTALS 0.7733 1.1764 1.3642 1.2311
0.19%9 ©.077¢ D.086) 0.3:09
STD. DEVIATIONS 0.6343 (¢.5936 0.7360 0.7780
0.2524 ¢.1192 0.1875  0.8%946
PERCOLATION/LEAKAGE THROUGH LAYER €
TOTALS 0.000Q0  G.0000  0.000% 0.0081
0.0000 0.000C 0.0000 0.0000
STD. DEVIATIONS 4.0000 . 900G 0.0090 0.,0090
£.0000  G.000G 00,0060  0.0000

a.362
0.2414

0.554
0.278

4.197
1.133

0.784
0.143

0.578%
Q.1£11

1.G281
0. 4402

0.c¢ano
L]

0.0000
0.0000

0.178
0.131

0.217
0.170

4.281
1.035

1.545
a.160

D.41868
Q.4388

0.3702
0.6571

0.0000
0.0000

0.0000
0.0000



AVERARGES OF MONTHLY AVERAGED DAILY HEADS ({INCHES) L T T T T I T T

PEAK DRILY VALUES FOR YERRS 1 THROUGHE 26

{IHCHES|
AVERAGES ¢.0044 0.0Q73 Q.0073 0.0072 0.00%6 Q.0025 - "= -,
0.opLl 0.¢004 0.0005 0,G013 Q.0009 0.0025 PRECIPITATICH 1894E. 60D )
STD. DEVIATIONS Q.003¢ 0,007 0.0042 0.0048 0.2059 Q.0022 RUNDFF 10701.5029
0.0614 0.0007 0.0011 0.eos1 0.0028 0.0037
DRALRAGE COLLECTED FROM LAYER 4 4.18%15 £B6.61426
L T U IR sarrieasaars
FERCOLATION/LERKAGE THROUGH LAYER 6 0. 000007 0.02534
D R T T PP Y AVERAGE HEAD ON TOF OF LAYER S 0,033
AVERAGE ANNUAL TOTALS & (STD. DEVIATIONS) FOR YEARS 1 THROUGH 20 MAXIMUM HERD ON TOP OF LAYER 5 0.086
INCHES €Y. FEET PERCEHNT LOCATION OF MAXIMUM HEAD IN LAYER 4
----------------------------------------- {DISTANCE FRCM DRAIN) 1.0 FEET
PRECIPITATIOH 41.25 1 8.104) 148735.7 1. 00
SNOW WATER .90 6547, 7Z6&
RUNOFF 2. 680 1 1.8280) 2129.88 6.198
EVAPOTRANSELRATION 31.386 I 3.7359) 113522,32 76.089 MAXIMUM VEG. SOIL WATER (VOL/VOL) 0.3608
LATERAL DRAINAGE COLLECTED 7.2147% | 3.58314) 17.4530352 MINIMUM VEG. SOIL WATER {VOL/VOL) 0,917
FROM LAYER A
PERCOLATION/ LEAKAGE THROUGH 2.00031 | @.00014) ¢.00074 *** Maxjimum heads are computed using McEnroe's equations. ‘*'¢
LAYER 6
Reference: Maximum Saturated Depth over Landfill Liner
AVERAGE HERD ON TOP Q.005 G.002) by Bruce M. McEnroe, Unjversity of Kansas
QF LAYER 5 ASCE Jourpal of Environmental Engineering
Vol. 119, Wo. Z, March 19%3, pp. 282-270.
CHANGE IN WATER STORAGE -0.032 I 2.2283) -117.18 -0.078
R L T vesarriane

R R L T T T T LTI T T T TN

537 5‘?0\0&

B T

FINAL WATER STORAGE AT END OF YEAR 20

LAYER | INCHES) {VOL/VOL}
o T2oe08 Taiz200
2 140.6111 a.2929
E) 6_4959 0.2707
4 a.0025 0.6100
5 ©.0000 0.0800
€ 5.70060 0.4750
SNOW WATER 0.00¢

B e P
L LT o LT T L T T T Y T
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b HYDROLGGIC EVALUATION OF LANDFILL PERFORMRNCE .
b HELP MODEL VERSION 3.07 (1 NOVEMBER 1897) ..
. DEVELOPED BY ENVIRONMENTAL LABORATORY s
- USAE WATERWAYS EXPERIKENT STATION -
- EOR USEPA RISK REDUCTICN ENGINEERING LABGRATORY -
N I L L I T .
PRECIPITATICH DATA FILE: B:\PKSFIL~1\ZENGPR~1\EELP3\RALNCF.D4
TEMPERATURE DATA FILE: D:\PKSFIL~1\ZENGPR~I\BELPI\RALNCT.D?
SOLAR RADIATION DATA FILE: Di\FKSFIL-INZENGPR~1VHELP3\RALNCS.[DL3
EVAPOTRANSEIRATION DATA: Bi\PKSFTL~I\ZENGER-1\HELEF3\RALNCE, D11

S0JL AND DESIGH DATA FILE: D:\PKSFIL~1\ZENGPR~]\HELP3\JCFINAL.DLO
CUTPUT DATA FILE: G:\FKSFIL~1\2ENGPR~ 1\HELPI\JCFINAL.CUT

TIME: 18:21 DATE: T/ H4/S2005

TITLE: Jchaston County C4DLF - Area 2 - Final Cover Candition

B L L L I T T T T T T L LR )

HOTE: EINITIAL MOISTURE CONTENT GF THE LAYERS AND 5SNOW WATER WERE
COMPUTED AS NEARLY STEADY-STATE VALUES BY THE PROGRAM.

TYFE 1 - VERTICAL PERCOLATION LAVER
MATERIAL TEXTURE NUMBER 7
THICKNESS = 24.00 INCHES
FOROSITY ¢.47306 vOL/VOL
FIELD CAPACITY $.2220 VOL/VOL
WILTING POINT 0.104¢ VOL/VRL
INITIAL 50IL WATZR CONTENT ©.2318 YOL/VOL
EFFECTIVE 3AT. HYD. COND. = 0,520000001000E~33 CMSSEC
NOTE: SATURATED HYDRAULIC CONDUCTIVITY IS MULTIPLIED BY 23.00
FOR ROQT CHANNELS IN TOP HALF GF EVRPORATIVE ICONE.

AonoE N

TYFE 2 -~ LATERAL DRAIMAGE LAYER
MATERIAL TEXTURE NUMBER 20
0.25 INCHES
0.8500 VOL/VOL
0.0100 VOL/VOL
0.0050 Yol/VoL
0,0121 VoL/VOL
10.0G0000000G CH/SEC
25.00 FERCENT
15C.90 FEET

THICKNESS

POROSITY

FIELD CAPACITY

WILTING EOINT

INITIAL SOIL WATER CONTENHT
EFFECTIVE 3AT. KYD. COND.
SLOPE

DRAINAGE LENGTE

TYPE 2 - LATERAL DRAINAGE TAYER

HATERIAL TEXTURE NUMBER 20

- 0.25 INCHES

0.8500 VOL/VOL
0.0100 VOL/VOL
0. 0050 VOL/VOL
0,0190 VOL/VOL,
. G000000020 CM/SEC
2.00 FERCENT
200.0 FEET

THICKNESS
PCGROSITY
FIELD CRPACITY

WILTING POINT

THITTAL SOIL WATER CONTENT
EFFECTIVE SAT. EYD. COND.

SLOPE

DRASNAGE LENGTH

1

TYFE 4 - FLEXIBLE MEMBRANE LINER
MATERIAL TEXTURE WUMBER 3¢

THICKNESS - Q.04 INCHES
FOROSITY ©.000¢ VOL/VOL
FIELD CAPACITY 0.06000 VAL/VOL
WILTIHG POINT 0.0000 VOL/VOL
INITIAL 5071 WATFER CONTENT 0.G000 VOL/VODI,
EFFECTIVE 3AT. HYD. COND, ¢.399999993000E-12 CM/SEC
FMI, PINHOLE DENSITY 1.00 HOLES/ACRE
FML INSTALLATION DEFECTS B.00 HOLES/ACRE
¥l FLACEMENT QUALITY 3 - GOOD

E A b NRANDN

LAYER 2

TYPE 3 - BARRIER S0IL LINER
HATERIAL TEXTURE NUMBER 10
THICKNESS = 12.00  INCHES

FOROSITY = Q. 4750 VOL/VOlL
FIELD CAPACITY = 0.3780 YOL/VOL
WILTENG POINT - 0.2650 VOL/VOL
INITIAL SOIL WATER CONTENT = 0.4750 VOL/VOL
EFFECTIVE SAT. EYD. COND. = 0,999999975000E-0% CN/SEC

GENERAL DESIGH AND EVAPCRATIVE IONE DATA

NOTE: 5CS8 RUNOFF CURVE WUMBER WAS COMPUTED FRCGM DEFAULT
SO0LL DATA BASE USING SOIL TEXTURE & 7 WITH BARE
GROURD CONDITIONS, A SURFACE SLOPE OF 2.t AND
A SLOPE LENGTH OF 300. FEET.

) 5C5s RUNOFE CURVE NUMBER = 48.20

FRACTION QF AREM ALLOWING RUNCFF = 190.0 PERCENT

AREA PROJECTED OW HORIZORTAL PLANE = 1-000 ACRES

EVAPORATIVE IONE DEPTH = 22.0 INCHES

INITIAL WATER IN EVAPOFATIVE ZONE = 4.985 INCHES

UEPER LIMIT OF EVAPORATIVE STORAGE = 10.406 TIHCHES

LOWER LIMIT OF EVAPCRATIVE STORAGE = 2,288 INCHES

INITIAL SHOW WATER

INITIAL WATER IN LAYER MATERIALS
TOTAL INITIAL WATER

TOTAL SUBSURFACE INEFLOW

LAYER 3

TYPE 4 - FLEXIBLE MEMBRANE LINER
MATERIAL TEXTURE NUMBER 36

4.03  1HCHES

£, 0000 voL/VOL

0.0000 YOL/VOL

0.0000 YOL/VOL

0.0000 VOL/SVCL

THICKKWESS

POROSTTY

FIELD CAFARCITY

WILTTNG BOIRT

INITIAL $QTIL WATER CONTENT
EFFECTIVE SAT. HYD. COND.
FML PINHOLE DENSITY

FML INSTALLATIGHN DEFECTS
EML PLACEMENT QUALITY

U U ]

3 - soop

TYPE ! - VERTICAL FERCOLATICN LAYER
MATERIAL TEXTURE NUMBER k)
THICKHESS = 12.00 INCHES
FOROSITY 0.4730 Vol/VoL
FIELD CaPAClTY 0.2220 VOL/VOL
WILTING FOINT 0.1040 VOL/VOL
INITIAL S0]I, HATER CCHTENT 0.2270 VCL/VOL
EFFECTIVE SAT. HYD. COND. ¢.520000001060E-03

[l

TYPE 1 - VERTICAL PERCOLATION LAYER
MATERIAL TEXTURE HUMBER 18
THICKNESS = 480.00 INCHES
BORCSITY = 0.6710 VOL/VOL
FIELD CAFACITY = 0.2420 VOL/VOL
WILTING POINT = 0.0770 VOL/VOL
INITIAL S5CIL WATER CONTERT = 0.2820 vOL/VOL
EFFECTIVE SAT. HYD. COND. = ¢.100000005000E-02

TYPE 1 - VERTICAL FERCOLATION LAYER
MATERIAL TEXTURE NUMBER 7

THICKNE3S = 24.00 IHCHES
POROSITY = 0. 4730 VOL/VOL
FIELD CAPACITY = G.Z220 VOL/VOL
WILTING POINT = ¢, 1040 VOL/VGE
INITIAL SOIL WATER CONTENT = Q2220 VOL/VGL
EFFECTIVE SAT. HYD. COND. = 0.520000001Q00E-03

Wwon

EVAPOTRANSEIRATION AND WEATHER DATA

NOTE: EVAPOTRANSPIRATION DATA WAS OBTAINED FROM

RALEIGH HORTH CAROLINA
STATION LATITUDE = 35.87
MAXINUM LEAF ARER INDEX = 2.00
START OF GROWING SEASON [(JULIRN DATE} = B&
END OF GROWING SEASON |JULIAN DATE) - 31¢
EVAPCRATIVE ZIONE DEFTH = 22.0
AVERAGE AMNUAL WIND SPEED = ?.70
AVERAGE 1ST QUARTER RELATIVE HUMIDITY = 66.00
AVERAGE ZHD QUARTER RELATEVE HUMIDITY = 70,00
AVERAGE 3RD QUARTER RELATIVE HUMIDITY = 78.00
AVERAGE 4TH QUARTER RELATIVE HUMIDITY = 72.90

T

0.39¥999993000E-12 CM/SEC
1.00  HOLES/ACRE
E.0¢ HOLES/ACRE

CH/SEC

CHFSEC

CM/SEC

G.000 TNCHES
159.421 THCHES
159.421 INCHES

Q.00 INCHES/ YEAR

DEGREES

INCHES
MEH
L]

L]
L3
L

NOTE: PRECIFITATION DATA WAS SYNTEETICALLY GEWERATED USIHG
COEFFICIENTS FGR RALEIGH NORTH CARCLINA

NORMAL MEAN MONTHLY PRECTPITATION |INCHES)

JAN/ JUL FEB/RUG MAR/SEP APR/SCCT WRY ROV JUN/DEC
3.5% 3.43 3.6% 2,91 3.67 .66
4,38 4,44 3.29 2.7 2.87 214

NOTE: TEMPERATURE DATA WAS SYNTHETICALLY GENERRTED USING
COEFFICTENTS FOR RALEIGH HORTH CAROLINA

NORMAL MEAN MONTHLY TEMPERATURE (DEGREES FAHRENHEIT)

JANS UL FEB/RUG MAR/SEP APR/DCT MAY/HOV
ag.60 41.60 4%.30 59.5¢ 67.20
17.70 77.00 71.00 5%.70 5C.00

JUK/DEC

HOTE: SOLAR RADIATION DATA WAS SYNTHETICALLY GENERATED USING
COEEFFICIENTS FOR RALEIGH NORTH CARILINA

AND STATION LATITUDE = 35.8% DEGREES



B e

AVERAGE MONTHLY VALUES IN INCHES FOR YEARS I THROUGH 20

PRECIFITATION
TOTALS 3.44 2.92 3.8} 2.20 4.34 3.74
4.24 §.43 2.40 2.87 3.06 2.80
STD. DEVIATICHS 2.07 .23 1.51 1.52 2.22 1.98
1.5 72 1.€7 2.00 .78 1.04
RUNDET
TOTALS 0,385 0.105 0.182 2.084 0.373 0.181
0.1%4 0.57% 0.167 0.178 0.250 0.136
S5TR. DEVIATIONS 0.508 Q.1z1 0.209 0.139 0.575% 0.224
0.266 1.068 0,233 Q. 261 0.284 0.173
EVAPOTRANSPIRATION
TATALS 1.4G5 1.729 2.912 2.729 3.990 3.628
3,650 1,797 2.313 1.2B7 1.195 1.038

5TD. DEVIATEIONS ¢.210 a.287 0.35%4 2.9339 0.916 1.571
1.366 1.279 1.102 9.406 0.156 0.137

LATERAL DRAINAGE COLLECTED FROM LAYER 2

TOTALS L.5498 1.2165 1.12z2 0.4777 0.335%1 0.330%
0.3306 0.7587 0,3953  0.2594 0.9335 1.1060

STR. DEVIATIONS 1.0681 0.68922  0.8515 4.48B4 0,529%% 0.2506
¢.2739 0.966% 0,6473  0.4438  0.9249 0.63687

PERCOLATION/LERKAGE THROUGH LAYER 3

TOTALS 0.0002 0.00¢2  0.0002 0.0001 0.0001 0.G001
0. 0001 0.0001  G.0001 0.0000  0.0602 0,0Q02

STD. DEVIATIONS 0.6001 0.0001 G.0001 0.006% 0.0001 0.0000
0.0006 0.0001  0,0001 0.000L 0.000% 0.0001

LATERAL DRAINAGE COLLECTED FROM LAYER 7

TOTALS Q. 0002 0.0002 0.6002 0.00C2 0.6001 0.0801
2.0001 0.0001 ¢.Q001 0.0000  0.000) 0.00302

5TR. DEVIATIONS 0.0001 0.0001 ¢.0001 0.0001 0.0001 0.0000
Q. 000Q 0.0001  0.0001 0.000% 0,0463 0,0001

LAYER 9
AVEHAGE HEAD ON TOP 0.0G2 | 0.000]
OF LAYER 4
CHANGE 1N WATER STORAGE 0.009 ¢ 1.1053} 331.78 0.023

B

D Y T N N e T L R R R T L L,

FEAK DAILY VALUES FOR YEARS 1 THROUGH 29

| INCHES} icu. FT.}

PRECTPITATION 5.22 18948, 600
RUNOSE 2.955 10724, 8623
DRAINAGE COLLECTED FROM LAYER 2 1.02055 3704.58569
PERCOLATION/LEAKAGE THROUGH LAYER 3 0.GQO0BS $.30740
AVERAGE HEAD GH TOP OF LAYER 3 0.011
HAXTMUM HEAD OH TOPF OF LAYER 3 0.059
LOGATION OF MAXIMUM HEAD IN LAYER 2

{PISTANCE FROM DRATH) G.0 FEET
DRAINAGE COLLECTED FROM LAYER 7 0. 000008 6.268166
PERCOLATION/LEAKAGE THROUGH LAYER 9 0.00000¢ ¢.00067
AVERAGE HEAD ON TQP OF LAYER B 0.000
MAXIMUM HEAD O TOP OF LAYER 8 0.900
LOCATION OF MAXIMUM HEAD IN LAYER 7

{DISTANCE FRGM DRAIN) 0.0 FEET
SNOW WATER 5.80 6547.7266
MAKIMUM VEG. SOIL WATER {VOL/VGLI 0.3536
MINIMUM VEG. SOIL WATER {VOL/VOLI 0.1048

+4+  Maximum heads are computed uaing McEnroe's equaticns. ***

Reference: Haximum Satuzrated Depth over Landfill Liner
by Bruce M. McEnroe, Universzity of Kansas
ASCE Journal of Environmental Englnesring
Vel. 119, Ro. 2, March 19%3, pp. 2&2-270.

B Y R N L N T T T

PERCOLATION/ LEAKAGE THROUGH LAYER &

e oo aven s g 12

TOTALS 0.0000 0.8C08 ©.0000  0.0000 0.000C  O.gpon
G.0000  0.0008  0.000C 0.0000 0.0000 0. o0poo

STD. DEVIATIONS 0. 0000 0.0090  ¢.000G  0.0000 0, 0000 a.ogon
0. 0000 0.0000 ¢.0000  D,0000 0.0000 a.ceo0

AVERAGES OF MONTHLY AVERAGER DAILY HEARDS (INCHES)

AVERAGES 0.000& 0.0005%
0.000L 0.40203 [

@

.op0d 0.4002
L0601 0.0001

)

.oooL 9.0001
L0002 0_0004

o

ETD. DEVIATIOHS 2.0004 0.5004
0. 0001 0.99004

L0002 0.0002
L0002 0.0002

=

L0002 9.0001
L0003 0.Q002

oo
o

DAILY RVERAGE HEAD ON TOF OF LAYER §

HVERAGES 0.0000 Q. oooo 0.0000 0. 0000 0.6000 0.0oo0
0.000¢  0.0000 0.0000  G.000G 0.0000 a. 0000
STh. DEVIATIONS 0.0060  G.0000 0.0900  0.0000 0.6000 0.06000
@.0000 . 6000 0.J000 a.0000 0.¢ogo 0.0009

P T T T L T T I

R L T T e R T P SR,

AVERMGE ANHUAL TOTALS & (STD, DEVIATIONS) FOR YEARS 1 THRCUGH z0

INCHES <U. FEET PERCENT
PRECIFLITATION 11.25 { 4.104) 145735,7 100.00
RUNGEF 2.7%0 { 1.9297) 10129.0% £.785
EVAPOTRANSPIRATION 29.632 { 3.6903) 10756502 Tr.837
LATERAL DRATHAGE ¢OLLECTED 8.81614 { 3.B113&l 32002,.582  21.37271
FROM LAYER 2
PERCOLATIGN/LEMKAGE THROUGH ¢.00144 { ©.D0048) 8.2 0,003459
LAYER 3
AVERAGE HEAD ON TQF 0.000G { 2. 000)
OF LAYER 21
LATERAL DRAINAGE COLLECTED 0.00%44 | £.00048) 0.00348
FROM LAYER 7
PERCOLATION/LEAKRGE THROUGH 9.06000 ( D.0C0000} 0.00002

0.l 5 pad

e T T L L T I ST

FINAL WATER STORAGE AT END OF YEAR 20

LAYER {VOL/VOL|
Yy Tooza06
2 0.0g27 0.0119
3 0.0000 0.0009
L) 2.6640 0.2220
5 140,1600 0.2920
6 5.3280 0.2220
T 0., 0025 0,000
B ¢.0o00 G.0000
9 5.7000 G. 4750
SNOW WATER Q.000

L L L T I T

T




G.N. Richardson & Associates SHEET: C) A
JOB #: JOHNSTON-22
14 N. Boylan Avenue Tel: 919-828-0577 OATE: 10/6/05
Raleigh, NC 27603 Fax: 919-828-3899 BY; PKS
CHKD BY:
Johnston County C&D Landfill - Area 2
Evaluation of Leachate Generation Rates
LEACHATE GENERATION RATES:
1 Year, 24 Hour Design Storm Depth = 3.20 inches {US Weather Bureau TP-40)
Open: B6,888 gallons/acre/day
Active: 1,200 gallonsfacre/day
interim: 500 gallons/acre/day
Final: 100 gallensfacre/day
OPEN ACTIVE INTERIM FIMAL TOTAL
Acres GPD Acres GPD Acres GPD Acres GPD GPD
A. Inifial Filling of Area 2 (Maximum Value is "Surge” Event) (Phases 4A & Phase 5 under Interim Conditions)
2.0 173,775 0.0 0 48.6 24,300 0.0 0 198,075
2.0 173,775 20 2,400 48.6 24,300 0.0 0 200,475
20 173,775 4.0 4,800 486 24,300 0.0 0 202,875
2.0 173,775 6.0 7,200 456 24,300 0.0 0 205275
2.0 173,775 8.0 9,600 48.6 24,300 0.0 0 207,675
3.0 260,663 12.8 15,360 48.6 24,300 0.0 0 300,323
B. Waste Covers Area 2 (Value is "Typical® for Area 2)
0.0 0 158 18,960 48.6 24,300 0.0 0 43,260
IC. Completion of Area 2 Operations
0.0 0 0.0 0 64.4 32,200 09 0 32,200
D. Closure of Phase 4A, Phase 5, & Area 2'(Value is "Typical for Post-Closure Corditions)
0.0 0 0.0 0 0.0 0 64.4 6,440 6,440

G.N. Richardson & Assoclates, Inc.

Leachate Generation

LEACHATEGENERATION.xIs




Case 1: Surge Event;

Before Surge Event

REQUIRED REMOVAL RATES:

Quantity of Leachate Produced =
Maximum Storage Capacity =

300,323 galions (See Above)
4,300,000 gallons {See Below)

After Surge Event

SHEET: 10, gnz-zz

JOB #: JOHNST
DATE: 10/6/06
BY: PKS
CHKD BY:

Maximum Detention Time In

Available Valume Volume Volume in Landfill (days)
Storage Retained in | Retained in  Retained in

Capacity Lagoon {agoon Landfill Pump Rate Pump Rate
{gallons) (galions) {gallens) {gallons} [ = 15,000 gpd = 30,000 gpd
2,000,000 2,300,000 2,600,323 0 0.0 0.0
1,800,000 2,500,000 2,800,323 0 00 0.0
1,600,000 2,700,000 3,000,323 0 0.0 0.0
1,400,000 2,900,000 3,260,323 0 0.0 0.0
1,200,000 3,100,000 3,400,323 0 0.0 0.0
1,000,000 3,300,000 3,600,323 4] 0.0 0.0
800,000 3,500,000 3,800,323 0 0.0 0.0
800,000 3,700,000 4,000,323 0 0.0 0.0
400,000 3,900,000 4,200,323 0 0.0 0.0 -
200,000 4,100,000 | 4,300,000 100,323 6.7 33
100,000 4,200,000 4,300,000 200,323 13.4 6.7

¢ 4,300,000 4,300,000 300,323 20.0 10.0

Case 2: Typical Phase 3 Leachate Generation:

Typical Leachate Generation Rate =

Days of Storage Capacity =

Case 3: Typical Post-Closure Leachate Generation:

Typical Leachate Generation Rate =

Days of Storage Capacity =

STORAGE CAPACITY OF L EACHATE LAGOON:

Capacity =

43,260 gallons/day  (See Above)

99.4 days

6,440 gallons/day  (See Above)

667.7 days

4,300,000 gallons {With 2 Fest of Freeboard}
(See Attached)

G.N. Richardson & Associates, Inc.

Leachate Generation LEACHATEGENERATION xis



G.N. Richardson & Associates SHEET: I 1
; , MR e JoB # JOHNSTON-22
. Boylan Avenue Tel: 919-828-057 DATE: 9/9/05
Raleigh, NC 27603 Fax: 919-828-3890 BY: PKS
CHKD BY:
Johnston County C&D Landfill - Area 2
Volume of Leachate Storage Lagoon
STORAGE CAPACITY OF LEACHATE STORAGE LAGOON:
Contour Area Incr Accum Accum Stage
(8P Vol (CF} Vol (CF) Vol (Gallons) {FT}
146,5 13,725 i} ] 0
148.5 71,675 85.400 85,400 638,792 2
150.5 78,450 150,125 235,525 1,761,727 4
152.5 85,075 163,525 399,050 2,984,894 &
154.5 91,925 177,000 576,050 4,308,854 8
156.5 07,988 169,913 765,963 5,729,403 10
G.N. Richardson & Associates, Inc. Lagoon Volume LEACHATEGENERATION.xis
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G.N. Richardscn & Associates, inc. DATE.  18-Ocl05
ENGINEERING AND GEQLOGICAL SERVICES Y. SAS

Objective:

Given:

Reference:

Calculations:

2.

JOBNO: JOHMNSTON-21

Leachate Management
Johnsion County C&D Landfill '/ ?(5
Leachate Pumping System Design

Determine pumping system garameters for the proposed leachale collection system.

1. Cell Area: 158 AC - > Ref. 1

2. Normal Flow Condtions: 20,000 GPD  -eeee > |.eachale Generation Calculations

3. Peak Flow Conditions: 150,000 GPD ———eea > Leachate Generafion Calculations (Assume use of GRC)
4. Minimum Flow Velocity: 2 fps > Ref. 3 (for "Self Cleaning™)

5. Maximum Flow Velocity: 5 fps > Ref. 3 (for"Waler Hammer" Reduction)

1. Johnsicn County C&D Landfill Area 2 Permit Drawings

2. Driscopipe Design Manual

3. "Pumping Station Design®, 2nd Edition, Robert L. Sanks, Editor in Chief, 1998, by Bulterworth Heineman.

4. “Elements of Urban Stormwater Design", H. Rooney Malkcam, NCSU

The pumps will be designed for criticai elements as foliows;

Piping Requirements
Fump Requiremants
System Cycle Time

* Riser Fit

System Surge Prassures

. Piping Requirements

Determine Nominal Pumping Rate

The Norninal Purnping Rate is the greater of 2.5 times nornal conditions or equal to peak conditions.

Therefore, @ Normal Conditions, Qreq = 35GPM and @ Peak Conditions, Creg = 104GPM
Nominal Pumping Rate:[ 100 |GPM

Determine Typical Pipe Size:

Pipes ate sized to keep fow velocities within GIVEN ranges to insure turbulent fiow.

Use the Continuity Equation for incompressible Where: Q= Flowrate (cfs)
steady flow fo determine flow velocity, Q@ = V*A V = Velocity (fps)
A = Area (square feef)
Standard Pipe Diameter (1.D.} = 3.088 inches —_— SCR = 17
Nominal Pumping Rate, Q = 0.223 cfs
Area, A = 0.052 square feet
Velocity, V = 4.28 fps eeeea> OKE

Therefore, Use 3 Inch - SDR 17 Pipe

Pump Requiements

Reynolds Number, R, = V'D fu Where: V= velocity, fps

G = pipe inside diameler, inches
v = kinematic viscasity, square feet per second

Velocity, V = 428 fes
Pipe Inside Diameter (.0.) = 3.09 inches
kinematic viscostty, v =  5.58E-06 square feet per second —_— App. A, Table A-9 @ 130 degrees - Raf. 3

Reynolds Number, Re = 197,573 > 10,0600 OK ——> Turbulent flow conditions exist
Pumps will be sized according to balance energy by the Bemaoulli equation. The equation has been modified as follows:

TOH=H,+H;+H,, Where: TDH = Total Dynamic Head, feat
H, = Elevation Head, feet
H; = Friclion Head, feet
H., = Minor Losses, fest

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



/g

vy G.N. Richardson & Associates, Inc. DATE:  13-ctos
¥’ ENGINEERING AND GEGLOGICAL SERVICES BY:.  SAS
JOB NO; JOHNSTOR-21
Leachate Management
Johnston County C&D Landfill
Leachate Pumping System Design

3. System Cycle Time

Dal i vail=ahlh 4 Hawat walk
Determine torag el
Boltom Elevation-ol-Weall= 62 BT —>  Ref-l
Biameter-of-Wall= 5 KT e Ref
Top-Elevation-of Well= e —>=  Ref3
TotatVolume of-Wall= 48 GF
FotaVolume of-Well= 468 GAL
Purng-ON-Elevation= 3688
Pumng-OFF Elevation = 185
Pump-ObHio-OFFE-Molume = 444 GAL

—-—>  Determing available storage if a sideslope riser.

Slorage volume is calculated according to the Average End Area Method, Assumes 3:1 Sidesfopes.

Contour Length Width Area Volume®  Storage, S Storage, S Stage

Elevation (feat) (feat} (square feel} (cubic feet) (cubic feet) (gallons} z
0.0 16.0 16.0 256 o} "} 04
0.5 18.0 19.0 361 154 154 1154 0.5
1.0 22.0 220 484 21t 366 2734 1.0
1.5 25.0 25.0 625 277 643 4808 1.5
2.0 28.0 28.0 784 352 995 7443 2.0

Note: -,
* Calculated according to Average End Area Method
Available Volume = 841 cubicfest [ 6289 galons |
Minimum liquid efevation = 0.50 feet above bottom

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

I pumps cycle through one (1) foot of elevation volume is 7,443 GAL - 1,158 GAL = 6,289 GALLONS
@ 30% porsity ——> Available Volume = 1847 GALLONS

—>  Determine Cycle Time

t=VI(Q-5) + VIS where: t = Cycle time (min)
V = Voiume of Liquid {gallons})
Q = Pumping rate (GPM)

S = Inflaw (GPM)
Thersfore, V = 1887 GAL —> froen above
= 100 GPM -——> Nominal Pumping Rate
= 14 GPM ——> Normal Fiow Conditions
t= 158 minutes

Pump will start once every 3 hours

P Ir; n ti i 1

4, Riser Fit
——=  Detarmine minimum dimensions of sideslope riser pipe to allow pumnp to fit and manage tum at the bottom of the slope

AL half of the pump length (L/2), the pump will equally straddle the tum in the pipe and will be at its closest peint to the upper edge
of the inferior of the pipe riser. This value will be compared with the available space with a Factor of Safety of 10% for pipe imegularities.

Pipe Dimensions: Standard Pipe Slzes:
Standard

Inside* Design | Nominal

Riser Slope: 3 Hio 1V Diameter Ratio |Pipe Size

Riser Pipe LD. = 15.882 inches —-> AVAILABLE {inches) (SOR} | (inches)
Pump Dimensions: 10.432 11 12
Pumg L L= 55 inches ——> 11.2580 17 12
mi an os nehes ——>  Leachator LPS150MSTG12075.04 nE 2
Clearance = 4,92 inches 15.882 17 18
19.636 11 24
Riser Fit ? OK —> USE 18 inch HDPE SDR 17 PIPE . 21478 17 24

* Ref. 2



) '};) G.N. Richardson & Associates, Inc. DATE:
ENGINEERING AND GEOLOGICAL SERVICES BY:
JOB NG

Leachate Management
Johnston County C&D Landfill
Leachate Pumping System Design

5. System Surge Prasswes
-———->  Determine if pipe is sufficient strength to withstand system surges.

Syslem surge pressure is determined by the equation:

AP ={alg) (a2 31y e >Ref. 3, pg. 143,
Where: AP = Presswe (psi)
a = Pressure wave velocity (fps)
av = Change in velocily {fps)
g = acceleration of gravity (32 .1 ft/sec”2}

and
a = 482H(1+WENDAYCH05 e >Ref. 3, pg. 144.
Where: k= Bulk modulus of water (psi)
£ = Pipe modulus of elasticity (psi)
© = Intemal diameter of pipe (inches)
t = Pipe wall thickness {inches}
G, = Constant dependent upon pipe canstraints
4 = poisson's ratio, use ¢.45 for HDPE pipe (buried), Table 6-1, Ref. 2
k= 296,000 psi ~-> App. A, Table A-9 @ 40°F - Ref. 3 Conservative Case
E= 100,000 psi —--> HDPE, Ref. 2
Av = 5 fps -—--- > Maximum allowable velocity
= 0.45
C,= 0.80
FS= 1.5 Minimum Allowahle
Standard Pressure
P(allowable)| Design | Nominal | Qutside | Inside | Pipe Wall{ Wave Factor of
Ref. 2 Ratio Pipe Size| Diameter | Diameter | Thickness| Velocity | Pressure| Safety |Commaent
{psi) (SDR) {inches) | (inches) | finches) | finches) {tps) (psi)}
267 T 2 2375 1.697 (G.339 1347 91 2.94 OKAY
200 9 2 2.375 1.847 0.264 1152 78 2.57 OKAY
160 11 2 2375 1.843 0.216 1023 69 232 OKAY
128 135 2 2375 2023 0.176 9089 61 2.09 OKAY
110 15.5 2 2.375 2.069 0.153 g40 57 1.94 OKAY
100 17 2 2.375 2085 0.140 800 54 1.85 QKAY
267 7 3 3.500 2.500 0.500 1348 91 2.94 OKAY
200 9 3 3.600 2722 0.389 1152 78 2.57 OKAY
160 " 3 3.500 2.864 0,318 1022 69 232 OKAY
128 135 3 3.500 2.982 0.259 908 81 2.09 OKAY
110 15.5 3 3.500 3.048 0.226 841 57 1.94 OKAY
100 17 3 3.500 3.088 0.206 799 54 1.86 OKAY
B9 19 3 3.500 3132 0.184 751 51 1.76 OKAY
80 21 3 3.500 3,166 0167 713 48 1.66 OKAY
64 26 3 3.500 3.230 0.138 636 43 1.49 |NO GOOD
51 325 3 3.500 3.284 0.108 565 38 1.34 |NO GOOD
267 7 4 4.500 3214 0.643 1348 91 294 OKAY
200 9 4 4.500 3.500 0.500 1152 78 2.57 OKAY
160 1 4 4,500 3.682 0.409 1022 () 2.32 OKAY
128 13.5 4 4.500 3.834 0.333 908 61 2.09 OKAY
110 15.5 4 4.500 3.020 0.280 953 64 .7 OKAY
100 17 4 4.500 3910 0.265 800 54 t.85 OKAY
89 19 4 4,500 4.026 0.237 752 51 .78 OKAY
B8O 21 4 4.500 4.072 0.214 712 48 167 OKAY
64 26 4 4.500 4,154 0.173 635 43 149 {NO GOOD
51 32.5 4 4.500 4.224 0.138 563 - 38 2.68 OKAY
267 7 5} 6.625 4,733 0.946 1347 91 5.88 OKAY
200 9 6 6.626 5.153 0.736 1152 78 5.15 OKAY
160 1 6 6.625 5.421 0.602 1022 69 4.64 OKAY
128 13.5 6 6.625 5.643 0.491 809 B1 418 QKAY
110 15,5 [ 6.625 5771 0427 B41 57 3.88 QKAY
100 17 6 6.625 5.845 0.390 799 54 M OKAY
89 19 6 6.625 5927 0.349 752 51 3.51 COKAY
80 21 [ 6.625 5995 G315 712 4B 3.33 QKAY
64 26 [ 6625 6.115 0.255 635 43 2.99 QOKAY
51 32.5 g 6.625 6.217 (0.204 565 B 2.68 OKAY

) Use 3 Inch HDPE - SDR 17 Pipe

3

18-Cx105
5AS
JOHNSTON-21
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LEACHATOR™ LPSMSTG - SUBMERSIBLE PUMPS

) MODEL LPS150MSTG PUMP PERFORMANCE DATA

Performance Curve

500
400 1 LPS150MSTGXX150-08]
.-.-.-""'--.
TILLPS150MSTGXX170-07 [T
1 e, \\.‘_
-..‘-.___-_.. '\\\
>~ ™
300 JLP S150MSTGXX150-06] T~ N
M
— T M K
i | [[PS150MSTGXX100-05 H—| 1T AN
ry ks NG N
- T - . [ \\
, L PS150MSTGXX075-04] g y A\NEA
200 -t | ALl %/ h N \\
—{LPS150MSTGXX075-03] T T s EE;\ N \\\ N
[ttt} ,P/ \‘--.,__‘ ot \\ \\
-‘-'-"‘"'—-.__ 4 - h \
B ?4.._____ _ ~ i N \\\\
==t
100 H— Y4 T NN
p \\ \\ \\
_"_---.__ [ \\
I~ | "h\ \\
Wi - -
(L PS150MSTGXX920-01] T~ N
A i ™
e ol e W
#/// —'-——._.___.'__._ .""""-..,,
0
0 25 50 75 100 125 150 175 200
CAPACITY (GPM)

SPECIFICATIONS SUBJECT TO CHANGE WITHOUT NOTICE
Performance conforms to 1ISO 2548 Annex B @ 5 ft. min. submergence.
4" MOTOR STANDARD, 2 - 5HP, 3450 RPM
) 6" MOTOR STANDARD, 7-1/2 — 60HP, 3450 RPM
. 8"MOTOR STANDARD, 75HP, 3525

25
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LEACHATOR™ LPSMSTG - SUBMERSIBLE PUMPS
Models
Model Number | Motor Size | HP | RPM 1 Voltage

LPS150MSTG12020-01 4 2 3450 230V Ph/60Hz
LPS150MSTG3X020-01 4 2 3450 230-460V/3Ph/60Hz
LPS150MSTG12050-02 47 5 3450 230VAPh/60Hz -
LPS150MSTG3X050-02 4 5 3450 230-4B0V3Ph/60Hz
LPS150MSTG12075-03 6" 7-112 3450 230V/1Ph/60Hz
LPS150MSTG3X075-03) 6" 7-172 3450 230-460V/3Ph/60Hz
LPS150MSTE12075-04/ g 7-102 3450 230V Ph/60Hz
LPS150MSTGSX075.04 6" 7-172 3450 230-460V/3Ph/60Hz
LFPS150MSTG12100-05 6 10 3450 230V/1Ph/60Hz
LPS150MSTG3X100-05 6" 10 3450 230-460V/3Ph/60HzZ
LPS150MSTG12150-06 6" 15 3450 230V/1Ph/B0Hz
LPS150MSTG3X150-06 6" 15 3450 230-460V3Ph/G0Hz
LPS150MSTG12150-07 6" 15 3450 230V/1Ph/60HZ
LPS150MSTG3X150-07 6 15 3450 230-460V/3Ph/60Hz
LPS150MSTG12150-08 6 15 3450 230V/1Ph/B0HZ
LPS150MSTG3X150-068 6" 15 3450 230-460V/3Ph/60Hz

Please insert a “2" (230V) or "4" (460V} to complete the model number.

Dimensions And Wei

Model Number i . w“#c Ir

LPS150MSTGXX020-01 27.3 13.6 13.7 3.75 | 2 . 55
LPS150MSTGXX050-02 INPT | 411} | 236 17.5 3.75 5.2 75
LPS150MSTGXX075-03 I NPT | 355 | 242 21.3 5.38 B2~ 101
LPS150MSTGXX075-04 3*NPT 7499/ ] 242 | 257 | 5.38 567 135 « £ o
LPS150MSTGXX100-05 3" NPT M549 254 29.5 5.38 6 148 3" _ o
LPS150MSTGXX150-06 3" NPT 61.3 28.0 333 5.38 586 167 -
LPS150MSTGXX150-07 3" NPT 65.0 28.0 37.0 5.38 56 169 =
LPS150MSTGXX150-08 3 NPT 68.8 28.0 40.8 5.38 5.6 174 L]
Note(s): Dimensions and weight are approximate (subject o change} and does not include the —
carriage. -
Materials Of Construction B
c ]
—1 4 A
HH[
N
L%
le— [ —]
8
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SHEET _1 OF _=>

PROJECT _Johnston County C&D Landfill - Area 2 JOB NO. _JOHNSTON-22
DATE 7/14/05
SUBJECT Final Cover Drainage Layer Analysis COMPUTED BY__PKS
CHECKED BY
Objective To evaluate the required transmissivity for the drainage geocomposite placed in the final cover

References

Analysis

system.

Richardson, G.N., Giroud, J.P., and Zhao, A, (2001), Design Manual of Lateral Drainage
Systems for Landfills, Tenax Corp., Baltimore.

Step 1:

Determine the required transmissivity (6,,,,) of the drainage geocomposite based on the
following equation:

RE,

g,Li  RF,q,Lcosf  RF.q,L

sin 3 sin 3 ~ tanf

Where: RF, = drainage geocomposite reduction factor (See Note 1)

9 eqd =

r

(m*/m/sec)

g, = fluid inpui rate/impingement rate (m/s) (See Note 2)
L = flow length/drain spacing (horizontally projected) (m)
B = slope angle of final cover (degrees).

Notes:

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

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

a. Permeability of the Overlying Vegetative Soil Layer(k,,,) or
b. Design Rainfall.

Per Richardson,Giroud, & Zhao, use g, = k., except in arid/semi-arid areas.
Step 2:
Determine the required transmissivity test parameters:

- Normal Stress (Cover Thickness x Unit Weight of Cover Soil) and
- Hydraulic Gradient (Equals Slope of Cover System).

FCS DRAIN LAYER.WPD

G.N. RICHARDSON & ASSOCIATES
Engineering and Geological Services
14 N. Boylan Avenue, Raleigh, NC 27603

Telephone: (919) 828-0577




SHEET _2 OF _>

PROJECT _Johnston County C&D Landfill - Area 2 JOB NO. JOHNSTON-22
DATE 7/14/05
SUBJECT _Final Cover Drainage Layer Analysis COMPUTED BY__PKS
CHECKED BY
Step 3:

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

Q =q, A (cfs)
Where: g, = impingement (ft/s)
A = total area served by the drain (= L x DL) (ft®)
DL = length of drain between outlet locations ({t).
Step 4:

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

G.N. RICHARDSON & ASSOCIATES
Engineering and Geoclogical Services
14 N. Boylan Avenue, Raleigh, NC 27603

Telephone: (919) 828-0577




‘G.N. Richardson & Associates
i

f and : JOB #: JOHNSTON-22

14 N. Boylan Avenue Tel: $19-828-0577 DATE: 7115105

Raleigh, NC 27603 Fax: 19-828.3600 ay: PKS
CHKD BY:

Johnston County C&D Landfill - Area 2
Final Cover Drainage Layer Analysis

SHEET: Zz,5

Input Parameters:

Side Slope Angle {7):
Impingement (g, ):

Drain Spacing (L ):

Reduction Factors for Drainage
Geocompuosite:

RFinlrusiﬂn:

RFieap:

RFchamionI cfoggirvg:

RFbiologiul :ioggirvg:

Overall Factor of Safety:
Reduction Factar for Drainage Geocomposite in Final

Cover (RF . ):

Drain Length (DL ):

Final Cover: Thickness:
Unit Weight:

Note: Spreadsheet Converts Units as Required.

Transmissivity Requirements:

Dgtermine Minimum Transmissivity:

14.0 degrees
0.0001 cmisec
140 ft

{= Permeability of Vegelative Soil Layer)

{Per Richardson, Giroud, & Zhao Recommendations)
1.2
1.4
1.2

1.5
2.0

6.0
200 ft

2.0 ft
110 pef

Bmin =| _1.0E-03

mimisec ] =| 50 gpmift

Determine Transmissivity T

Min. Normal Stress =|

Hydraulic Gradient =

Determine Required Draln Capacity:

Caiculate Reguired Total Flow Capacity:

Parametors:

2200  psf |

a=[  0.09

‘Based on 200 foot spacing between outlets.

G.N. Richardson & Asscciates, Inc.

FCS DRAIN LAYER xls



SHEET 1 oF 4

PROJECT _Johnston County C&D Landfill - Area 2 JOB NO. _JOHNSTON-22
DATE 7114/05
SUBJECT Rain G &D ; P COMPUTED BY _PKS
in Gutters own Pipe Sizing CHECKED BY

Objective To design rain gutters and down pipes to handle the maximum flow from the design

storm,

References Debo, T.N., and Reese, A.J., Municipal Storm Water Management, Lewis Publishers,

Boca Raton, FL, 1995, pp. 438-442.
Malcom, H. Rooney, Elements of Urban Stormwater Design, N.C. State University,
Raleigh, NC, 1989.

Analysis 1. For each pipe size, determine the maximum area (A), to handle the predicted flow
(Q) with an added factor of safety. Analyze rain gutters and down pipes based on
partial flow to determine flow depth and velocity then compare the full flow capacity
of each pipe size with the calculated peak flow rate to verify the desired factor of
safety. Analyze rain gutter drop inlets (inlet to down pipes) as orifices.

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

Calculations

- Determine Peak Flow Rate Into Each Respective Conveyance:

Use Rational Method:
Q= ClA
Where: g Flow (cfs)
C = Runoff Coefficient
I = Rainfall Intensity (Use 25-Year, 24-Hour Storm)
A = Drainage Area (Ac.)

Iterate the drainage area (A) to each drainage structure such that 0, /Q> 1.1, where 0, ..
is the full flow capacity of the conveyance (see below).

FCS RAIN GUTTERS & DPIPES.WPD

G.N. RICHARDSON & ASSOCIATES

Engineering and Geological Services
14 N. Boylan Avenue, Raleigh, NC 27603
Telephone: (919) 8§28-0577




SHEET 2 OF 4

PROJECT _Johnston County C&D Landfill - Area 2 JOB NO., _JOHNSTON-22
DATE 7/14/05

SUBJECT Rain Gutters & Down Pipe Sizing COMPUTED BY _PKS
CHECKED BY

- Rain Gutters & Down Pipes:

Determine Flow Capacity (Q, .. ):

8 1

3Q2
— 0463D°5 (D&R Equation 8.24)
max
n
Where: D) = Pipe Inside Diameter (in)
S = Pipe Slope (ft/ft)
n = Manning’s Roughness Coefficient

Determine Factor of Safety (FS):

Determine Flow Depth:

1 e

h= 5( 1- Cos[ —in D (D&R Equation 8.29)
Where: h = Flow Depth (inches)

¢ = Central Angle

1
g~ %’E[l_ (1- ,IK)%]Z (D&R Equation 8.28)
K = Constant
-1
* R

G.N. RICHARDSON & ASSOCIATES
Engineering and Geological Services
14 N. Boylan Avenue, Raleigh, NC 27603

Telephone: (919} 828-0577




SHEET _3 OF q’

PROJECT _Johnston County C&D Landfill - Area 2 JOB NO. _JOHNSTON-22
DATE 7/14/05
SUBJECT Rai i izi COMPUTED BY __PKS
u ain Gutters & Down Pipe Sizing CHEGKED BY

Determine Flow Velocity:

L, Q.0
4 (8- sind) (D&R Equation 8.30 for “A”)
8
Where: ¥ = Flow Velocity (ft/sec)
A = Cross-Sectional Area of Flow (ft")

- Down Pipe Prop Iniets and Rain Guiter Pipe Perforations:

Determine Q, ..:

Q.. =C,AJ2gh (Malcom Equation I-7)
Where: C, = Coefficient of Discharge

A = Cross-Sectional Area of Flow (ft)

g = Acceleration of Gravity (32.2 ft/sec?)

h = Driving Head - Centroid of Orifice to Water Surface (ft)

Determine Factor of Safety (FS):

G.N. RICHARDSON & ASSOCIATES
Engineering and Geological Services
14 N. Boylan Avenue, Raleigh, NC 27603

Telephone; {919) 828-0577




) son & Associates SHEET: ? /

315000 JOB #: JOHNSTON-22

14 N. Bovlan Avenue Tel: $19-828-0577 DATE: 715405

Raleigh, NC 27603 Fax: $19-828-3899 BY: PKS
CHKD BY:

Johnston County C&D Landfill - Area 2
Rain Gutter/Down Pipe Design

Input Parameters:

Manning's Rougness Coefficient = 0.00% --> HDPE Fipe
Runofl Coefficient = G5
Rainfall Intensity = 8.19 INMHR —-> 25 YR - 5 MIN STORM
Allowable Head {Gown Pipe Drop Inlats) = 24 INCHES
Crifice Coef. Of Discharge (Cown Pipe Drop Inlets) = 0.6 TYPICAL
Hole Diamgter (Rain Gutler Pipe Boltom Perforations) = L5 INCHES
Allowable Head (Rain Gutler Pipe Boltom Perforations) = 12 INCHES
Orifice Coef. Of Discharge (Rain Gutter Pipe Perforations) = 0.6 TYPICAL
Raln Gutters
Runoff Volume[Hipe 1.D. {SDR] Fiow Capacity |  Factor of
|3 Drainage Arga Q) 26) Pipe Slope {Cron) Satety K g Flow Depth Flow Area Fiow Velocity
(AC) {CFS) {IN} (%) {CF5) {>/=1.10) | (CONSTANT) (< 265%) {IN) {SF)
Max. Area - 67 0.32 1.3 6.1 3 1.47 1.12 9.278 233 4.41 0.46
Max. Area - 87 067 2.74 8.0 3 0.283 235 5.86 0.27
Max. Area - 10" 118 4,83 9.9 3 . . 1.282 235 7.24 0.42
Max, Area - 127 1.8% 7.74 11.8 3 0.283 236 8.65 0.80

Down Pipe Drop inlets
Runofl Volume|Pipe LD. {SDR| X-Sectional | Flow Capacity]  Factar of

ID Drainage Area (Q} 26) Area {Qr} Safety
{AC} {CFS) {iN) (SF) (CFS) {>==1.10}
Max, Area - 8" 0.52 213 i 8.0 0.35 2.38 1.12
Max, Arga - 10" 0:80 328 9.9 0.53 364 111
Max. Area - 127 1.14 4.67 11.8 0.76 517 111
Max. Area - 14" ] 1.37 5.61 . 124 0.1 6.18 1.10
Max: Aréa - 16" 1.80 7.37 R 1438 1.18 B.14 1.10
Max, Area - 18" 227 9.30 18.6 1.50 10.23 1.10
Down Pipes
Runoff Vo Fipe 1.D. (SDR, Flow Capacity Factor of
ie} Drainage Araa Q) 26) Pipe Slope (Qrad Safety K L] Flow Depth Flaw Area Flow Vekcity
(AC) {CFS) (IN} (%) {CFS) (>/=1.10) (CONSTANT) (< 265°%) (IN} (SF) {FPS)
-Max. Arsa - 8° 102 4,18 8.0 7 4.62 1.11 0282 235 5.85 0.27 1528
Max. Area - 10 1.80 7.37 8.9 7 B.AS 1.11 - 0.282 235 723 0.42 1761
Max. Arga- 12* 2.88 i 11.79 118 7 13.01 1.10 0.282 235 8.63 0.60 18.81
Max. Araa - 14" 3.66 14.99 129 7 16.51 1.10 0283 236 9.45 0.71 21.03
. Max, Arga - 16" 52T - 21.58 148 7 23.81 1.10 0.282 235 10.83 0.94 23.04
Maix. Arga - 18 74T 29.36 166 7 32.34 1.10 0.283 236 12.16 1.18 24.38
Rain Guiter Pipo Perforations
FunGT
Max. Drainage| Volume/LF ¥-Seclional | Fiow Capacity Factor of
(o} Length Pipe Na. Holes/ F Area {Croes) Safety
{LF) (CFS} {SFHole) (CFS/LF} (>=1.10)
200 0,019 6 | 0001 0.039 210

Pipe Dimensions
Standard Dimension Ratlo (SDR} of Pipe = 26
Min. Wall
Nominal Pipe Size Pipe O.D. Thickness Pipe 1.D.

(IN} (N} ] {iN)
K] - G625 0.255 6.1
8 o882 4.332 8.0
10 KT T 0413 9.9
A2 | AZTE 0.49 11.8
S i 0.538 129
A6 0.615 14.8
18 0.692 16.6
24 0923 222

G N, Richardson Associates, InG. ' FCS RAIN GUTTERS & DPIPES xis



Technical Specifications

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

Prepared for:

Johnston County
Department of Public Utilities

October 2005

G.N. Richardson & Associates, Inc.
Engineering and Geological Services

14 N. Boylan Avenue

Raleigh, North Carolina 27603




JOHNSTON COUNTY

JOHNSTON COUNTY C&D LANDFILL - AREA 2

Section No.

02110
02140
02222
02223
02240
02251
02256
02258
02270
02271
02275
02500
02608
02614
02640
02710
02711
02712
02720
02776
02778
02782
02930
03310
11314
13255

TECHNICAL SPECIFICATIONS

TABLE OF CONTENTS

Specification

Site Preparation

Dewatering

Excavation

Embankment

Geotextiles

Compacted Soil Liner

Protective Cover

Vegetative Soil Layer

Erosion and Sedimentation Control
Rip Rap

Rolled Erosion Control Products
Roadway Work

Precast Concrete Structures

HDPE Pipe

Valves

Drainage Aggregate (Leachate Management)
Drainage Aggregate (Final Cover)
Drainage Geocomposite

Storm Water Systems
Geosynthetic Clay Liner

LLDPE Geomembrane
Geosynthetic Rain Cover
Revegetation

Concrete Work

Leachate Pumps and Controls
Landfill Gas System

Johnston County C&D Landfill - Area 2

October 2005

Specifications
TABLE OF CONTENTS Page TOC-1



SECTION 02110

SITE PREPARATION

Site Preparation: Site Preparation includes clearing, grubbing, and stripping operations which
precede the proposed construction.

A. DESCRIPTION

L. General:

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

b. Principal items of work include:

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

2. Clearing the site within the clearing limits, including removal of
grass, brush, shrubs, trees, loose debris, and other encumbrances
except for trees to remain.

3. Boxing and protecting all areas to be preserved.

4. Removing all topsoil from designated areas and stockpiling on site
where directed by the Engineer for future use.

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

Section.
2. Related Work:

Related Contract Work is described in the following sections of the

Specifications:
Work Section
Excavation 02222
Embankment 02223
Johnston County C&D Landfill - Area 2 Specifications
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B. MATERIALS Not Used.

C. SUBMITTALS Not Used.

D. CONSTRUCTION

1. Clearing of the Site:

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

areas.

b. Before removal of topsoil, and start of excavation and grading operations,
the areas within the clearing limits shown on the Contract Drawings shall
be cleared and grubbed.

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

trees, fallen timber, brush, bushes, rubbish, fencing, and other perishable
and objectionable material.

Should it become necessary to remove a tree, bush, brush, or other plants
outside the clearing limits, the Contractor shall do so only after permission
has been granted by the Engineer.

d. Excavation resulting from the removal of trees, roots, and the like shall be
filled with suitable material, as approved by the Engineer, and thoroughly
compacted per the requirements contained in Section 02223,
Embankment, of these Specifications.

e. In temporary construction easement locations, only those trees and shrubs
shall be removed which are in actual interference with excavation or
grading work under this Contract, and removal shall be subject to approval
by the Engineer. However, the Engineer reserves the right to order
additional trees and shrubs removed at no additional cost to the Owner, if
such, in his opinion, they are too close to the work to be maintained or
have become damaged due to the Contractor's operations.

2. Stripping and Stockpiling Existing Topsoil:

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

Johnston County C&D Landfill - Area 2 Specifications
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b. The topsoil shall be free of stones, roots, brush, rubbish, or other
unsuitable materials before stockpiling.

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

3, Grubbing:

a. Grubbing shall consist of the removal and disposal of all stumps, roots,
logs, sticks, and other perishable materials to a depth of at least 6 inches
below ground surfaces.

b. Large stumps located in areas to be excavated may be removed during
grading operations, subject to the approval of the Engineer.

4. Disposal of Cleared and Grubbed Material:

All trees, stumps, roots, and bushes shall be removed from the site and disposed
of by the Contractor. On-site and off-site disposal areas are subject to approval by
the Engineer.

END OF SECTION

Johnston County C&D Landfill - Area 2 Specifications
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SECTION 02140

DEWATERING

Dewatering: Dewatering refers to controlling and disposing of surface and shallow ground
water as is necessary for proper excavation, compaction, and other operations requiring dry
conditions.

A. DESCRIPTION

L. General:

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

2. Related Work:

Related Contract Work is described in the following sections of the

Specifications:
Work Section
Excavation 02222
Embankment 02223
B. MATERIALS Not Used.

C. SUBMITTALS

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

D. CONSTRUCTION

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

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

Johnston County C&D Landfill - Area 2 Specifications
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to at least 3 feet below the bottom of excavations at all times in order to maintain
a dry and undisturbed condition.

3. The Contractor shall take all the steps that he considers necessary to familiarize
himself with the surface and subsurface site conditions, and shall obtain the data
that is required to analyze the water and soil environment at the site and to assure
that the materials used for the Dewatering systems will not erode, deteriorate, or
clog to the extent that the Dewatering systems will not perform properly during
the period of Dewatering.

4. The Contractor shall control, by acceptable means, all water regardless of source.
Water shall be controlled and its disposal provided for at each berm, structure, etc.
when necessary. The entire periphery of the excavation area shall be ditched and
diked to prevent surface water from entering the excavation where applicable.

The Contractor shall be fully responsible for disposal of the water and shall
provide all necessary means at no additional expense to the Owner. The
Contractor shall be solely responsible for proper design, installation, proper
operation, maintenance, and any failure of any component of the system.

5. The Contractor shall be responsible for and shall repair without cost to the Owner,
any damage to work in place and the excavation, including damage to the bottom
due to heave and including removal of material and pumping out of the excavated
area. The Contractor shall be responsible for damages to any other area or
structure caused by his failure to maintain and operate the Dewatering system
proposed and installed by the Contractor.

6. Leachate Seeps:

Due to the nature of this project, the Contractor is responsible for the control of
leachate seeps which develop within the Contract Limits whether created by his
construction activities or not. The method(s) of control for leachate seeps shall be
subject to the approval of the Owner and the Engineer.

END OF SECTION

Johnston County C&D Landfill - Area 2 Specifications
October 2005 DEWATERING Page 02140-2



SECTION 02222

EXCAVATION

Excavation: Excavation includes excavating, sealing, hauling, scraping, undercutting,
removal of accumulated surface water or ground water, stockpiling, and all necessary and
incidental items as required for bringing the landfill and related structures to the specified
lines and grades.

A. DESCRIPTION
1. General:
The Contractor shall furnish all labor, material, and equipment required to
complete Excavation of the landfill containment area and related structures in
accordance with the Contract Drawings and these Specifications, except as noted
below:
a. Clearing and grubbing and removal of topsoil is addressed in Section
02110, Site Preparation, of these Specifications.
2. Related Work:
Related Contract Work is described in the following sections of the
Specifications:
Work Section
Site Preparation 02110
Dewatering 02140
Embankment 02223
Erosion and Sedimentation Control 02270
Roadway Work 02500
CQA Manual Attached
3. Quality Assurance:
Quality Assurance during Excavation will be provided by the Owner as described
in the accompanying Project CQA Manual.
4. Definitions:
a. Excavation: shall consist of the removal and satisfactory disposal and/or
stockpiling of materials located with the limits of construction including
Johnston County C&D Landfill - Area 2 Specifications

October 2005
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MATERIALS

widening cuts and shaping of slopes necessary for the preparation of
roadbeds, landfill slope areas, cutting of any ditches, channels, waterways,
entrances, and other work incidental thereto.

Borrow: shall consist of approved on-site material required for the
construction of embankments/fills or for other portions of the work.

Select Borrow: shall consist of approved off-gite material required for the
construction of embankments/fills, roadway subgrade, backfilling, or for
other portions of the work as shown on Contract Drawings or in these
Specifications. The Contractor shall make his own arrangements for
obtaining select borrow and pay all costs involved.

Unsuitable Material: is any in-place or excavated material which contains
undesirable materials, or is in a state which is not appropriate; in the
opinion of the CQA Engineer, for the intended use or support of planned
structures, embankment, or excavation. This may include but not be
limited to organic material, waste/refuse, soft, or wet material not meeting
required specifications, etc.

Unsuitable Materials Excavation (Overexcavation): shall consist of the
removal and satisfactory disposal of all unsuitable material located within
the limits of construction. Where excavation to the finished grade section
shown results in a subgrade or slopes of unsuitable material, the
Contractor shall overexcavate such material to below the grade shown on
the Contract Drawings or as directed by the Engineer and CQA Engineer.

Excavation shall include the removal of all soil, weathered rock, boulders, conduits, pipe,
and all other obstacles encountered and shown on the Contract Drawings or specified

herein.

C. SUBMITTALS

The Contractor shall submit the following to the CQA Engineer before approval is given

to proceed:

1.

Plans of open cut excavations showing side slopes and limits of the excavation at

2. List of disposal site(s) for waste and unsuitable materials.

3. Descriptive information on Excavation equipment to be used.
Johnston County C&D Landfill - Area 2 Specifications
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D. CONSTRUCTION

The Contractor shall conduct Excavation activities in such a manner that erosion
of disturbed areas and off site sedimentation is absolutely minimized as outlined
in Section 02270, Erosion and Sedimentation Control, of these Specifications.

The Contractor shall excavate to the lines and grades shown on the Contract
Drawings and stockpile all suitable excavated materials. As the excavation is
made, the materials will be examined and identified to the CQA Engineer.

The Contractor will perform all surveys necessary to establish and verify lines and

grades for all Excavation, including pipe excavations, soil overexcavation, and
anchor trenches.

Stockpiling:

The Contractor shall stockpile the materials in appropriate stockpiles as approved
by the CQA Engineer.

Stockpiles shall be properly sloped and the surfaces sealed by the Contractor at
the end of each working day, or during the day in the event of heavy rain, to the

satisfaction of the Engineer.

The Contractor shall protect all existing facilities and structures including, but not
limited to, existing utilities, monitoring wells, signs, grade stakes, etc. during the
grading and stockpiling operations.

All excavations shall be made in the dry and in such a manner and to such widths
as will give ample room for properly constructing and inspecting the structures
and/or piping they are to contain and for such sheeting, timbering, pumping, and
drainage as may be required.

The Contractor shall be responsible for Dewatering as described in Section 02140,
Dewatering, of these Specifications, when necessary.

Excavation slopes shall be flat enough to avoid sloughs and slides that will cause
disturbance of the subgrade or damage of adjacent areas. Slides and overbreaks
which occur due to negligence, carelessness, or improper construction techniques
on the part of the Contractor shall be removed and disposed of by the Contractor
as directed by the Engineer at no additional cost to the Owner.

The intersection of slopes with natural ground surfaces, including the beginning
and ending of cut slopes, shall be uniformly rounded. All protruding roots and
other vegetation shall be removed from slopes.

Johnston County C&D Landfill - Area 2 Specifications
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10.

11.

12.

13.

14.

15.

16.

The bottom of all excavations for structures and pipes shall be examined by the
CQA Engineer for bearing value and the presence of unsuitable material. If, in the
opinion of the CQA Engineer, additional Excavation is required due to the low
bearing value of the subgrade material, or if the in-place materials are soft,
yielding, pumping and wet, the Contractor shall remove such material to the
required width and depth and replace it with thoroughly compacted structural fill,
or material directed by the CQA Engineer. No payment will be made for subgrade
disturbance caused by inadequate Dewatering or improper construction methods.

Any areas excavated below design subgrade elevations by the Contractor, unless
directed by the CQA Engineer, shall be brought back to design elevations at no
cost to the Owner. The Contractor shall place and compact such material in
accordance with Section 02223, Embankment, of these Specifications.

The Contractor shall dispose of excess or unsuitable excavation materials on-site
at location(s) approved by the Owner.

The Contractor shall properly level-off bottoms of all excavations. Proof-rolling
shall be conducted with appropriate equipment.

Upon reaching subgrade elevations shown in excavation areas, the Contractor
shall scarify subgrade soils to a minimum depth of 6" and obtain the CQA
Engineer’s approval of quality. If unsuitable materials are encountered at the
subgrade elevation, perform additional excavations as approved by the CQA
Engineer to remove unsuitable materials.

Qverexcavation and Backfill:

Where subgrade materials are determined to be unsuitable, such materials shall be
removed by the Contractor to the lengths, widths and depths approved by the
CQA Engineer and backfilled with suitable material in accordance with Section
02223, Embankment, of these Specifications unless further excavation or
earthwork is required. No additional payment will be made for such excavation
and backfill 1 foot or less than the finished subgrade. Unsuitable material
excavation greater than 1 foot beneath the finished subgrade shall be made on a
unit price basis for excavation and backfill, only as approved by the Engineer and
CQA Engineer prior to the work. Unit price for overexcavation and backfill
greater than 1 foot in depth shall include disposal of unsuitable materials.

All cuts shall be brought to the grade and cross section shown on the Contract
Drawings, or established by the Engineer, prior to final inspection.

The Contractor shall protect finished lines and grades of completed excavation
against excessive erosion, damage from trafficking, or other causes and shall
repair any damage at no additional cost to the Owner.

Johnston County C&D Landfill - Area 2 Specifications
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17. Trench Excavation:

a. All pipe Excavation and trenching shall be done in strict accordance with
these Specifications, all applicable parts of the OSHA Regulations, 29
CFR 1926, Subpart P, and other applicable regulations. In the event of
any conflicts in this information, safe working conditions as established by
the appropriate OSHA guidelines shall govern.

b. The minimum trench widths shall be as indicated on the Contract
Drawings. Enlargements of the trench shall be made as needed to give
ample space for operations at pipe joints. The width of the trench shall be
limited to the maximum dimensions shown on the Contract Drawings,
except where a wider trench is needed for the installation of and work
within sheeting and bracing.

C. Except where otherwise specified, excavation slopes shall be flat enough
to avoid slides which will cause disturbance of the subgrade, damage to
adjacent areas, or endanger the lives or safety of persons in the vicinity.

d. Hand excavation shall be employed wherever, in the opinion of the
Engineer, it is necessary for the protection of existing utilities, poles, trees,
pavements, obstructions, or structures.

e. No greater length of trench in any location shall be left open, in advance of
pipe laying, than shall be authorized or directed by the Engineer and, in
general, such length shall be limited to approximately one hundred (100)
feet.

f. Pipe Bedding: All pipe bedding shall be as shown on the Contract
Drawings, unless otherwise specified herein.

18. Sheeting and Bracing:

a. The Contractor shall furnish, place, and maintain such sheeting and
bracing which may be required to support sides of Excavation or to protect
pipes and structures from possible damage and to provide safe working
conditions in accordance with current OSHA requirements. If the
Engineer is of the opinion that at any point sufficient or proper supports
have not been provided, he may order additional supports put in at the sole
expense of the Contractor. The Contractor shall be responsible for the
adequacy of all sheeting and bracing used and for all damage resulting
from sheeting and bracing failure or from placing, maintaining, and
removing it.

Johnston County C&D Landfill - Area 2 Specifications
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b. The Contractor shall exercise caution in the installation and removal of
sheeting to insure that excessive or unusual loadings are not transmitted to
any new or existing structure. The Contractor shall promptly repair at his
expense any and all damage that can be reasonably attributed to sheeting
installation or removal.

C. All sheeting and bracing shall be removed upon completion of the work.
19. If grading operations are suspended for any reason whatsoever, partially
completed cut and fill slopes shall be brought to the required slope and the work

of seeding and mulching or other required erosion and sedimentation control
operations shall be performed at the Contractor’s sole expense.

END OF SECTION

Johnston County C&D Landfill - Area 2 Specifications
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SECTION 02223

EMBANKMENT

Embankment: Embankment is the on-site compacted fill that provides the foundation and the
berms for the containment area, the subgrade for some access roadways and structures, and
backfill around structures and piping.

A. DESCRIPTION

1.

General:

The Contractor shall furnish all labor, material, and equipment to complete
Embankment including borrowing, hauling, screening, discing, drying,
compaction, control of surface and subsurface water, final grading, sealing, and all
necessary and incidental items as detailed or required to complete the
Embankment, all in accordance with the Contract Drawings and these
Specifications.

Related Work:

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

Work Section

Dewatering 02140
Excavation 02222
Erosion and Sedimentation Control 02270
Roadway Work 02500
CQA Manual Attached

Reference Standards:

The latest revision of the following standards of the American Society of Testing
and Materials (ASTM) are hereby made a part of these Specifications.

ASTM D 698 Test Method for Laboratory Compaction Characteristics of
Soil Using Standard Effort (12,400 ft-Ibf/ft%).

ASTM D 1556 Standard Test Method for Density and Unit Weight of Soil
in Place by the Sand-Cone Method.
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ASTM D 2167

ASTM D 2216

ASTM D 2488

ASTM D 2922

ASTM D 2937

ASTM D 3017

ASTM D 4643

ASTM D 4959

4, Quality Assurance:

Standard Test Method for Density and Unit Weight of Soil
in Place by the Rubber Balloon Method.

Standard Test Method for Laboratory Determination of
Water (Moisture) Content of Soil and Rock by Mass.

Standard Practice for Description and Identification of Soils
(Visual-Manual Procedure).

Standard Test Methods for Density of Soil and Soil-
Aggregate in Place by Nuclear Methods (Shallow Depth).

Standard Test Method for Density of Soil in Place by the
Drive Cylinder Method.

Standard Test Method for Water Content of Soil and Rock
in Place by Nuclear Methods (Shallow Depth).

Standard Test Method for Determination of Water
(Moisture) Content of Soil by the Microwave Oven
Method.

Standard Test Method for Determination of Water
(Moisture) Content of Soil by Direct Heating Method.

Quality Assurance during placement of Embankment will be provided by the
Owner as described in the accompanying Project CQA Manual.

5. Definitions:

a Embankment: Shall include construction of all site earthwork including

roadways, subgrade, perimeter berm embankments, including preparation
of the areas upon which materials are to be placed. Embankment may also
be referred to as structural and/or controlled fill. All Embankment
materials may be either (oft-site) Select Borrow or (on-site) Borrow unless
otherwise noted on Contract Drawings or specified by the Engineer.

Prepared Subgrade: The ground surface after clearing, grubbing, stripping,
excavation, scarification, and/or compaction, and/or proof rolling to the
satisfaction of the CQA Engineer.

Well-Graded: A mixture of particle sizes that has no specific
concentration or lack thereof of one or more sizes. Well-graded does not
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define any numerical value that must be placed on the coefficient of
uniformity, coefficient of curvature, or other specific grain size
distribution parameters. Well-graded is used to define a material type that,
when compacted, produces a strong and relatively incompressible soil
mass free from detrimental voids.

d. Unclassified Fill: The nature of materials to be used is not identified or
described herein but must be approved by the Engineer prior to use.

B. MATERIALS

1. Embankment materials shall consist of clean well-graded natural soil classified as
SW, SM, SM-SC, SC, ML, CL-ML, or CL (ASTM D 2488) containing no topsoil
or other deleterious material. Other material classifications may be approved by
the Engineer.

2. Stones or rock fragments shall not exceed one half the maximum lift thickness as
compacted in any dimension. Isolated rocks shall be a maximum of 24-inches in
any dimension.

C. SUBMITTALS

The Contractor shall submit the following to the CQA Engineer before approval is given
to proceed:

1. Descriptive information on compaction equipment to be used for construction of
Embankment and appurtenant structures.

2. Descriptive information on the location and source of any off-site borrow material
to be used for Embankment, where applicable. Information shall include Standard

Proctor curves (ASTM D698) for each borrow material.

D. CONSTRUCTION

1. The Contractor shall conduct Embankment activities in such a manner that
erosion of disturbed areas and off-site sedimentation is absolutely minimized as
outlined in Section 02270, Erosion and Sedimentation Control, of these
Specifications.

2. All placement and compaction of Embankment shall be performed only when the
CQA Engineer is informed by the Contractor of intent to perform such work.

3. Embankment shall be placed and compacted to the lines and grades shown on the
Contract Drawings. Placement of Embankment outside the construction limits
shall occur only as directed and approved by the Engineer.
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The Contractor will perform all surveys necessary to establish and verify lines and
grades for all Embankment.

4. The Contractor shall protect all existing facilities including, but not limited to,
utilities and monitoring wells.
5. Subgrade Preparation:

a. The CQA Engineer shall inspect the exposed subgrade prior to placement
of Embankment to assure that all rocks, topsoil, vegetation, roots, debris,
or other deleterious materials have been removed.

b. Prior to placement of Embankment, the exposed subgrade shall be
proofrolled using a static smooth-drum roller, loaded tandem axle dump
truck, or other suitable equipment in the presence of the CQA Engineer.
Any soft or unsuitable materials revealed before or during the in-place
compaction shall be removed as directed by the CQA Engineer and
replaced with suitable Embankment.

6. Surfaces on which Embankment is to be placed, shall be scarified or stepped in a
manner which will permit bonding of the Embankment with the existing surface.
7. The Contractor shall be responsible for preparing the materials for the

Embankment, including but not limited to, in-place drying or wetting of the soil

necessary to achieve the compaction criteria of these Specifications.

8. The Contractor shall be responsible for Dewatering as described in Section 02140,

Dewatering, of these Specifications, when necessary.

9. Embankment materials shall be placed in a manner permitting drainage and in
continuous, approximately horizontal layers.
10. Compaction Requirements:

a. The Contractor shall compact Embankment in accordance with the
requirements shown in Table 1 of this section. If Embankment does not
meet the specified requirements, the Contractor shall rework the material,
as may be necessary and continue compaction to achieve these
requirements, or remove and replace the material to achieve the specified
requirements, at Contractor's expense.

b. Each lift shall be compacted prior to placement of succeeding lifts. In
confined areas, mechanical equipment, suitable for small areas and capable
of achieving the density requirements, shall be required.
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11.

12.

13.

14.

Lift compaction shall be performed with an appropriately heavy, properly
ballasted, penetrating-foot or smooth-drum vibratory compactor depending
on soil type. Compaction equipment shall be subject to approval by the
CQA Engineer.

Embankment that becomes excessively eroded, soft, or otherwise unsuitable shall
be removed or repaired by the Contractor as directed by the CQA Engineer, at no
cost to the Owner.

The exposed surface of Embankment shall be rolled with a smooth-drum roller at
the end of each work day to protect from adverse weather conditions.

Where Embankment is to be placed and compacted on slopes that are steeper than
3:1, the subgrade shall be benched to a minimum depth of 6 inches and the
Embankment shall be placed in horizontal lifts.

Backfilling for Structures and Piping:

a,

All structures, including manholes and pipes shall be backfilled with
Embankment as shown in the Contract Drawings and as described in these
Specifications.

Where sheeting is used, the Contractor shall take all reasonable measures
to prevent loss of support beneath and adjacent to pipes and existing
structures when sheeting is removed. If significant volumes of soil cannot
be prevented from clinging to the extracted sheets, the voids shall be
continuously backfilled as rapidly as possible. The Contractor shall
thereafter limit the depth below subgrade that sheeting will be driven in
similar soil conditions or employ other appropriate means to prevent loss
of support.

When backfilling around structures, do not backfill until concrete has
sufficiently cured (as determined by the CQA Engineer) and is properly
supported. Place backfill in a manner to avoid displacement or damage of
structures.
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TABLE 1: REQUIRED EMBANKMENT PROPERTIES

Required % Required Maximum Lift
ITEM Standard Moisture Content Thickness
Proctor (ASTM D 3017)° (Compacted)
(ASTM D698)* (inches)
Embankment 95 8
gmbankmentdBenegalt}ll 98 As Required for 8
tructures and Roads Compaction
Backfill Around Structures 95 8
Backfill in Pipe Trenches 95 6
Unclassified Fill N/A N/A N/A
Notes:
1. Embankment beneath structures shall be considered to include a zone 10 feet out

from the foundation of the structure extending down to the natural ground on a
45" slope. Embankment beneath roads shall be considered to include all
embankment placed within 2 vertical feet of the final wearing surface and shall
also include shoulders.
2. Determine field density using ASTM D 2922, ASTM D 1556, ASTM D 2167, or

ASTM D 2937.
3. Optionally use ASTM D 2216, ASTM D 4643, or ASTM D 4959.
4, The Engineer may allow exceptions to the above criteria for areas outside of the

containment area which are not subject to significant long-term loads.

END OF SECTION
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SECTION 02240

GEOTEXTILES

Geotextiles: For the proposed construction, a Type GT-S (Separator/Filter) Geotextile is
specified. The Type GT-S Geotextile will be placed in the landfill gas system, leachate
collection system, between soil subgrade and aggregate in access roads, and in some erosion
control and drainage applications.

A. DESCRIPTION

1. General:

The Contractor shall furnish all labor, material, and equipment to complete
installation of Geotextiles including all necessary and incidental items as detailed
or required for the Contractor to complete the installation in accordance with the
Contract Drawings and these Specifications, except as noted below:

a. Geotextiles used as a Silt Fence is covered under Section 02270, Erosion
and Sedimentation Control, of these Specifications.

2. Related Work:

Related Contract Work is described in the following sections of the

Specifications:

Work Section
Erosion and Sedimentation Control 02270
Roadway Work 02500
Drainage Aggregate (Leachate Management) 02710
Drainage Aggregate (Final Cover) 02711
Landfill Gas System 13255
CQA Manual Attached

3. Reference Standards:

The latest revision of the following standards of the American Society of Testing
and Materials (ASTM) and the American Association of State Highway and
Transportation Officials (AASHTO) are hereby made a part of these
specifications.

Johnston County C&D Landfill - Area 2 Specifications
October 2005 GEOTEXTILES Page 02240-1




ASTM D 3786

ASTM D 4355

ASTM D 4491

ASTM D 4533

ASTM D 4632

ASTM D 4751

ASTM D 4833

ASTM D 5261

AASHTO M 288

4, Quality Assurance:

Test Method for Hydraulic Bursting Strength of Knitted
Goods and Nonwoven Fabrics: Diaphragm Bursting
Strength Tester Method.

Standard Test Method for Deterioration of Geotextiles from
Exposure to Ultraviolet Light and Water (Xenon-Arc Type
Apparatus).

Standard Test Methods for Water Permeability of
Geotextiles by Permittivity.

Standard Test Method for Trapezoid Tearing Strength of
Geotextiles.

Standard Test Method for Grab Breaking Load and
Elongation of Geotextiles.

Standard Test Method for Determining Apparent Opening
Size of a Geotextile.

Standard Test Method for Index Puncture Resistance of
Geotextiles, Geomembranes, and Related Products.

Standard Test Method for Measuring Mass per Unit Area of
Geotextiles.

Standard Specification for Geotextiles.

Quality Assurance during installation of Geotextiles will be provided by the
Owner as described in the accompanying Project CQA Manual.

B. MATERIALS

1. General;

The materials supplied under these Specifications shall consist of new, first-
quality products designed and manufactured specifically for the purpose of this
work, which shall have been satisfactorily demonstrated, by prior use, to be
suitable and durable for such purposes.

Labels on each roll of Geotextile shall identify the length, width, lot and roll
numbers, and name of Manufacturer.
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3.

The Type GT-S Geotextile shall be a nonwoven spunbonded or nonwoven
needlepunched synthetic fabric consisting of polyester or polypropylene
manufactured in a manner approved by the Engineer. Woven fabrics may be used
in certain applications if approved in advance by the Engineer.

All Geotextiles shall conform to the properties listed in Table 1 of this section.

C. SUBMITTALS

Prior to the installation of Geotextiles, the Contractor shall submit the following to the
CQA Engineer:

1.

Mill Certificate and Sample: Prior to shipping to the site, the Contractor shall
submit a mill certificate or affidavit signed by a legally authorized official of the
Manufacturer for each type of Geotextile attesting that the Geotextiles meet the
physical and manufacturing requirements stated in these Specifications. The
Contractor shall also submit a sample of each Geotextile to be used. The samples
shall be labeled with the product name and be accompanied by the Manufacturer's
specifications.

Shipping, Handling, and Storage Instructions: The Manufacturer's plan for
shipping, handling, and storage shall be submitted for review.

Seaming Procedures:

Submit proposed seaming procedures including proposed method and equipment.

Quality Control Certificates: For Geotextiles delivered to the site, quality control
certificates, signed by the Manufacturer's quality assurance manager shall be
provided which represent every roll of each type of Geotextile supplied. Each
certificate shall have the roll identification number(s), test methods, frequency,
and test results. At a minimum, the test results and frequency of testing shall be
as shown in Table 2 of this section.

Furnish copies of the delivery tickets or other approved receipts as evidence for
materials received that will be incorporated into the construction.

D. CONSTRUCTION

1. Shipping, Handling, and Storage:
All Geotextiles shall be shipped, handled, and stored in strict accordance with the
Manufacturer's recommendations.
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2. Failing COA Material Control Tests:

Geotextiles that are rejected upon testing shall be removed from the project site
and replaced at Contractor's cost. Sampling and CQA testing of Geotextiles
supplied as replacement for rejected material shall be performed by the CQA
Engineer at Contractor's cost.

3, Installation:

a. The surface receiving the Geotextiles shall be prepared to a relatively
smooth condition, free of obstructions, standing water, excessive
depressions, debris, and very soft, excessively wet, and/or loose pockets of
soil. This surface shall be approved by the CQA Engineer prior to
Geotextile placement.

b. Geotextiles shall be placed to the lines and grades shown on the Contract
Drawings. At the time of installation, Geotextiles shall be rejected by the
CQA Engineer if they have defects, rips, holes, flaws, evidence of
deterioration, or other damage.

C. The Geotextiles shall be placed smooth and free of excessive wrinkles.

d. On slopes, Geotextiles shall be anchored at the top and unrolled down the
slope. In the presence of wind, all Geotextiles shall be weighted with
sandbags or other material as approved by the CQA Engineer. Geotextiles
uplifted by wind may be reused upon approval by the CQA Engineer.

4. Seams:

a. All Geotextile seams shall be continuously sewn or heat bonded with
methods approved by the Engineer. Overlapping of seams may also be
allowed if approved in advance by the Engineer. All seams must be
approved by the CQA Engineer.

b. On slopes greater than 10 percent, all seams shall be oriented parallel to
(in the direction of) the slope unless otherwise approved by the Engineer.

C. Seams to be sewn shall be sewn using a Type 401 stitch. One or two rows
of stitching may be used. Each row of stitching shall consist of 4 to 7
stitches per inch. The minimum distance from the geotextile edge to the
stitch line nearest to that edge (seam allowance) shall be 1.5 inches if a
Type SSa (prayer or flat) seam is used. The minimum seam allowance for
all other seam types shall be 1.0 inches.
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d. Seams to be heat bonded shall be bonded using hot plate, hot knife,
ultrasonic, or other approved devices.

5. Repair Procedures:

a. Any Geotextile that is torn, punctured, or otherwise damaged shall be
repaired or replaced, as directed by the CQA Engineer, by the Contractor
at no additional cost to the Owner. The repair shall consist of a patch of
the same type of Geotextile placed over the failed areas and shall overlap
the existing Geotextile a minimum of 18 inches from any point of the
rupture. Patches shall be spot sewn or heat bonded so as not to shift
during cover placement.

b. Slopes Less Than or Equal to 10 Percent: Damaged areas of a size
exceeding 10 percent of the roll width shall be removed and replaced
across the entire roll width with new material. Damaged areas of a size
less than 10 percent of the roll width may be patched.

c. Slopes Greater Than 10 Percent: Geotextile panels which require repair
shall be removed and replaced with new material. Replacement material
shall be sewn as previously described in this specification.

6. Cover Placement:

Placement of cover over Geotextiles shall be performed in a manner as to ensure

that the Geotextiles or underlying materials are not damaged. Cover material shall

be placed such that excess tensile stress is not mobilized in the Geotextile,
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TABLE 1:

REQUIRED GEOTEXTILE PROPERTIES

PROPERTY TEST UNITS VALUE'
METHOD
TYPE GT-S
Geotextile Construction | eeemeeees L e NW? or W*
(NW = Nonwoven)
(W = Woven)
Mass per Unit Area (Unit Weight) ASTM D 5261 oz/yd? N/A
Ultraviolet Resistance (500 hrs) ASTM D 4355 % 70
Strength Class® AASHTO M 2838 Class 2
Tensile Properties: ASTM D 4632
Grab Strength lbs 160 (NW)
250 (W)
Grab Elongation % > 50 (NW)
<50 (W)
Puncture Resistance ASTM D 4833 Ibs 55 (NW)
90 (W)
Trapezoidal Tear Strength ASTM D 4533 lbs 55 (NW)
90 (W)
Burst Strength ASTM D 3786 psi 200 (NW)
400 (W)
Apparent Opening Size (AOS) ASTM D 4751 U.S. Sieve 70+
Permittivity ASTM D 4491 sec”! 1.0
Notes:
1. Minimum Average Roll Value (MARV).

2. Nonwoven geotextiles that have been heat calendered are not acceptable, unless
approved by the Engineer in advance.

3. Woven geotextiles shall be approved in advance by the Engineer. Woven
geotextiles formed exclusively with slit film fibers are not acceptable.

4, AASHTO M 288 criteria includes the above listed requirements for: Tensile
Properties, Puncture Resistance, Trapezoidal Tear Strength, and Burst Strength.
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TABLE 2: REQUIRED MANUFACTURER QUALITY CONTROL TESTS

PROPERTY TEST MINIMUM TEST
METHOD FREQUENCY

Mass per Unit Area (Unit Weight) ASTM D 5261 200,000 ft?
Ultraviolet Resistance (500 hrs) ASTM D 4355 Periodic
Tensile Properties ASTM D 4632 200,000 ft?
Burst Strength (Diaphragm ASTM D 3786 200,000 ft*
Methods)

Apparent Opening Size (AOS) ASTM D 4751 Periodic
Permittivity ASTM D 4491 Periodic
Puncture Resistance ASTM D 4833 200,000 ft?
Trapezoidal Tear Strength ASTM D 4533 200,000 ft*

END OF SECTION
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SECTION 02251

COMPACTED SOIL LINER

Compacted Soil Liner (CSL): The Compacted Soil Liner serves as a component of the
containment barrier for the leachate to be developed in the landfill. Compacted on-site or
imported soils will be used for CSL such that the compacted permeability of the layer is < 1 x
107 cm/sec.

A. DESCRIPTION

1. General:

a. The Contractor shall furnish all labor, material, and equipment to complete
installation of the CSL including borrowing, hauling, screening, mixing,
stockpiling, discing, compacting, drying or wetting, excavation and
removal of embankment material required for benching, removal of
surface water runoff, removal of all previously placed material affected by
adverse weather conditions or construction disturbance, final grading and
sealing, and all necessary and incidental items as detailed or required to
complete the CSL, all in accordance with the Contract Drawings and these
Specifications.

b. The Contractor shall provide suitable soil from an on-site borrow site that
meets all requirements outlined in these Specifications for CSL.

2. Related Work:

Related Contract Work is described in the following sections of the

Specifications:

Work Section
Dewatering 02140
Excavation 02222
Embankment 02223
LLDPE Geomembrane 02778
CQA Manual Attached

3. Reference Standards:

The latest revision of the following standards of the American Society of Testing
and Materials (ASTM) are hereby made a part of these Specifications.
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ASTM D 422

ASTM D 698

ASTM D 1556

ASTM D 2167

ASTM D 2216

ASTM D 2488

ASTM D 2922

ASTM D 2937

ASTM D 3017

ASTM D 4318

ASTM D 4643

ASTM D 4959

ASTM D 5084

Quality Assurance:

Standard Test Method for Particle Size Analysis of Soils.

Test Method for Laboratory Compaction Characteristics of
Soil Using Standard Effort (12,400 ft-Ibf/ft®).

Standard Test Method for Density and Unit Weight of Soil
in Place by the Sand-Cone Method.

Standard Test Method for Density and Unit Weight of Soil
in Place by the Rubber Balloon Method.

Standard Test Method for Laboratory Determination of
Water (Moisture) Content of Soil and Rock by Mass.

Standard Practice for Description and Identification of Soils
(Visual-Manual Procedure).

Standard Test Methods for Density of Soil and Soil-
Aggregate in Place by Nuclear Methods (Shallow Depth).

Standard Test Method for Density of Soil in Place by the
Drive Cylinder Method.

Standard Test Method for Water Content of Soil and Rock
in Place by Nuclear Methods (Shallow Depth).

Standard Test Method for Liquid Limit, Plastic Limit, and
Plasticity Index of Soils.

Standard Test Method for Determination of Water

(Moisture) Content of Soil by the Microwave Oven
Method.

Standard Test Method for Determination of Water
(Moisture) Content of Soil by Direct Heating Method.

Standard Test Method for Measurement of Hydraulic
Conductivity of Saturated Porous Materials Using a
Flexible Wall Permeameter.

Quality Assurance during placement of CSL will be provided by the Owner as
described in the accompanying Project CQA Manual.
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B. MATERIALS
All material for CSL shall conform to the requirements shown in Table 1 of this section.

C. SUBMITTALS

The Contractor shall submit the following to the CQA Engineer:
1. Before approval is given to proceed with test fill construction, the Contractor shall
submit descriptive information on compaction equipment to be used for

construction of the CSL.

2. Survey Results:

Survey results for CSL subgrade shall be submitted for review prior to placement
of CSL. After completion of a segment of CSL, survey results shall be submitted
for review prior to placement of overlying layers.

D. CONSTRUCTION

1. General:
a. All placement and compaction of CSL shall be performed only when the
CQA Engineer is informed by the Contractor of intent to perform such
work.,
b. The Contractor shall place and compact the CSL to a minimum thickness

of 12 inches and to the lines and grades shown on the Contract Drawings
with the exception that a 0.15 foot overbuild at the Contractor’s expense is
allowed. The Contractor will perform all surveys necessary to establish
and verify lines and grades for all CSL.

c. CSL shall include the soil liner over the bottom and side slopes of the
landfill.
2. Borrow Soils:
a. The Contractor may haul borrow soil to an on-site stockpile area. Borrow

soil cannot be hauled directly to the containment area for placement and
compaction unless each load is monitored and approved by the CQA
Engineer prior to loading at the borrow site.

b. Any borrow soil not meeting the requirements for CSL shall be rejected
and removed from the project site by the Contractor at no cost to the
Owner.
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3. Test Fill Construction;

The Contractor shall construct a test fill prior to construction of CSL. The test fill
shall be at least 20 feet wide by 50 feet long and consist of at least two compacted
lifts. The Contractor shall use materials and equipment for test fill construction
that the Contractor intends to use during construction.

No CSL construction may be performed until the test fill construction is
confirmed to be adequate in accordance with the Project CQA Manual.

The Contractor shall amend construction techniques or equipment in order to meet
all criteria outlined for CSL in these Specifications at no cost to the Owner.

4, Subgrade Preparation:

a. The CQA Engineer shall inspect the exposed subgrade prior to placement
of CSL to assure that all rocks, topsoil, vegetation, roots, debris, or other
deleterious materials have been removed.

b. Prior to placement of CSL, the exposed subgrade shall be proofrolled
using a static smooth-drum roller, loaded tandem axle dump truck, or other
suitable equipment in the presence of the CQA Engineer. Any soft or
unsuitable subgrade materials revealed before or during the in-place
compaction shall be removed as directed by the CQA Engineer and
replaced with structural fill.

5. Placement and Compaction:

a. All CSL shall be placed in loose lifts no greater than the height of the feet
on compaction equipment to be used. The loose CSL shall be free from
clods greater than % inch in size, or less if required to meet permeability
criteria. Where excessive sized clods do occur, the Contractor shall break
up the clods using methods approved by the CQA Engineer. Rock
fragments in the CSL shall not exceed % inch in any dimension within the
finished CSL surface. Below the finished CSL surface, the maximum rock
size is 1% inch.

b. Lift compaction shall be performed with an appropriately heavy, properly
ballasted, penetrating-foot compactor. Compaction equipment shall be the
same as used in the test fill, unless otherwise approved by the Engineer.

Each lift shall be compacted prior to placement of succeeding lifts. The
completed lift thickness shall be no greater than 6 compacted inches. In
confined areas, mechanical equipment, suitable for small areas and capable
of achieving the density requirements, shall be required.
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C. The exposed surface of CSL shall be protected from adverse weather
conditions or desiccation of the soil. This is commonly done by rolling the
surface of the CSL with a smooth-drum roller at the end of each work day.
Alternative means of protecting the CSL may be employed by the
Contractor.

d. The in-place CSL shall conform to the requirements shown in Table 2 of
this section. If CSL does not meet the specified requirements, the
Contractor shall rework the material, as may be necessary and continue
compaction to achieve these requirements, or remove and replace the
material to achieve the specified requirements, at Contractor's expense.

e. Any CSL surface which is smooth, has a moisture content outside of the
specified moisture content range, as defined by ASTM D 698, or exhibits
evidence of desiccation cracking 2 inch deep or greater, shall be scarified
to a depth of 1 to 3 inches and brought to a proper moisture content prior
to placement of a subsequent lift. This includes any CSL surface that was
previously seal rolled for protection.

f. No CSL shall be placed or compacted when soil temperatures are so low
as to produce ice lenses in the CSL borrow soil.

g CSL placed on side slopes shall be placed and compacted in lifts which are
parallel to the slope. Lift criteria shall be as described herein.

h. The CSL surfaces to be lined with GCL and HDPE-GM shall be free of
stones larger than ' inch in size, roots or other deleterious material, sharp
objects, or debris. Such material shall be removed from the CSL surface
prior to GCL and HDPE-GM installation. Embedded non-protruding
smooth rocks or stones may remain in place on the CSL surface if
approved by the CQA Engineer. The subgrade surface shall provide a
firm, unyielding foundation for the GCL and HDPE-GM with no sudden
or abrupt changes or breaks in grade. GCL and HDPE-GM shall not be
installed over subgrade containing standing water, frost, excessive
moisture, or on subgrade exhibiting evidence of deep rutting (greater than
% inch deep) from construction equipment wheels or tracks. The soil
surfaces to be lined with GCL and HDPE-GM, including the landfill side
slopes, shall be rolled and sealed with a smooth-drum roller wherever
practical. All GCL and HDPE-GM subgrade shall be approved by the
CQA Engineer prior to GCL. and HDPE-GM placement.

The Contractor shall work in a cooperative fashion with the GCL and
HDPE-GM Installer in coordinating final surface preparations.
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1. The Contractor shall maintain the surface of the CSL, including removal
of accumulated surface water runoff, until installation of the GCL and
HDPE-GM is complete. Temporary covering of the CSL surface may be
required prior to installation of the GCL and HDPE-GM.

j. Anchor trenches for geosynthetics shall be backfilled in 6 inch thick lifts
and compacted to 90% standard Proctor dry density (ASTM D 698). The
Contractor shall be responsible for excavation and backfill of the anchor
trench.

k. Surfaces not properly maintained shall be repaired by the Contractor at no
cost to the Owner. A suitable surface for GCL and HDPE-GM
construction shall be a surface maintained at the specified compaction and
moisture content criteria provided in these Specifications.

1. Locations of control stakes, in-place density tests, or other samples in the
CSL shall be patched with compacted CSL or sodium bentonite compacted
and hydrated in the holes.

6. Surveying:

a. Before placement of a segment of CSL, the CSL subgrade shall be
surveyed on 100 foot centers and at slope breaks (including all tops and
toes of slope, points of grade change, etc.) to ensure the top of the CSL
subgrade slopes at grades specified on the Contract Drawings.

b. After completion of a segment of CSL, but before installation of
subsequent layers, the CSL shall be surveyed on 100 foot centers and at
slope breaks using the same survey points used for the CSL subgrade to
ensure:

(1) The specified thickness has been achieved.

(2)  The top of the CSL slopes at grades specified on the Contract
Drawings; and

3) CSL placed more than 0.15 feet beyond the limits of the lines and
grades as shown on the Contract Drawings will not be accepted
and must be removed at the Contractor's expense if required by the
Engineer.

This work shall be performed at the Contractor’s cost by a surveyor registered in
the State of North Carolina.
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TABLE 1: COMPACTED SOIL LINER MATERIAL REQUIREMENTS

PROPERTY TEST VALUE
METHOD
Visual ASTM D 2488 Clean soil free from organics, debris, or other
Classification detrimental material. USCS Classification CL, CH,
MH, ML, SC, SM-SC, or SM
Clod Size | = == Maximum = % inch
Gradation ASTM D 422 > 20% Passing No. 200 U.S. Standard Sieve
Max. = 2 inch (finished CSL surface)

Max. = 12 inches (below finished CSL surface)
Coefficient of ASTM D 5084’ < 1 x 10”° cm/s at a density of > 95% Maximum
Permeability - Lab Standard dry density and a moisture content >
Remolded optimum moisture content?
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TABLE 2: IN-PLACE COMPACTED SOIL LINER REQUIREMENTS

PROPERTY TEST VALUE
METHOD
Density ASTM D 2922! > 95% Maximum Standard dry density

Moisture Content

ASTM D 3017*

> optimum moisture content

In-Place ASTM D 5084° <1x10°cm/s
Coefficient of
Permeability
(Shelby Tube)
Thickness Survey 12 inches minimum
(0.15 foot overbuild allowed)
Notes:

1. Optionally use ASTM D 1556, ASTM D 2167, or ASTM D 2937.
2. Optionally use ASTM D 2216, ASTM D 4643, or ASTM D 4959.

3. Maximum Effective Confining Pressure of 10 psi, backpressure as recommended
by ASTM D 5084, and maximum hydraulic gradient of 15.
4, Or as otherwise determined by remolded samples to achieve permeability criteria.
END OF SECTION
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SECTION 02256

PROTECTIVE COVER

Protective Cover: The Protective Cover consists of clean fill material. The Protective Cover

waste.

protects the leachate collection layer and Geomembrane from damage due to the placement of

A. DESCRIPTION

1.

General:

The Contractor shall furnish all labor, material, and equipment to complete
installation of the Protective Cover, including borrowing, hauling, screening,
removal of surface water and removal of all previously placed material that is
unsuitable due to weather conditions, final grading and sealing, and all necessary
and incidental items as detailed or required to complete the Protective Cover, all
in accordance with the Contract Drawings and these Specifications.

Related Work:

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

Work Section

Geotextiles 02240
HDPE Pipe 02614
Drainage Aggregate (Leachate Management) 02710
Drainage Geocomposite 02712
LLDPE Geomembrane 02778
CQA Manual Attached

Reference Standards:

The latest revision of the following standards of the American Society of Testing
and Materials (ASTM) are hereby made a part of these Specifications.

ASTM D 698 Test Method for Laboratory Compaction Characteristics of
Soil Using Standard Effort (12,400 ft-1bf/ft?).

ASTM D 2488 Standard Practice for Description and Identification of Soils
(Visual-Manual Procedure).
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4, Quality Assurance:

Quality Assurance during placement of Protective Cover will be provided by the
Owner as described in the accompanying Project CQA Manual.

B. MATERIALS

1. Soil that meets all of the following requirements shall be classified as select soil
fill for use in construction of the Protective Cover.

a. Soil shall be classified according to the Unified Soil Classification System
(USCS) as SW, SP, SM, SM-SC, or SC (ASTM D 2488). Other material
classifications may be approved by the Engineer.

b. Select soil fill materials shall be reasonably free of gypsum, ferrous, and/or
calcareous concretions and nodules, refuse, roots, or other deleterious
substances.

c. The soil cover shall be uniform, smooth, and free of debris, plant

materials, and other foreign material. The maximum rock size shall be 3
inches in diameter. The material should contain no sharp edges.

C. SUBMITTALS

The Contractor shall submit the following to the CQA Engineer:

l. Before approval is given to proceed, the Contractor shall submit descriptive
information on equipment to be used in construction of the Protective Cover.

2. Survey Results:

After completion of a segment of Protective Cover, survey results shall be
submitted for review prior to Protective Cover acceptance.

D. CONSTRUCTION

1. The Protective Cover is placed directly over geosynthetics and/or piping; thus,
extreme caution shall be exercised by the Contractor to prevent damage to these
materials.

2. All placement and compaction of Protective Cover shall be performed only when

the CQA Engineer is informed by the Contractor of intent to perform such work.
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3. Protective Cover shall be placed over geosynthetics only after areas have been
released by the Geosynthetics Installer and the CQA Engineer. Protective Cover
shall be placed as specified below:

a.

Protective Cover shall be placed and spread using tracked equipment. On
slopes > 6H:1V, low ground pressure (6 psi or less) tracked equipment
shall be used. On slopes < 6H:1V, tracked equipment shall have a ground
pressure of 12 psi or less. The CQA Engineer shall approve the equipment
used to place Protective Cover.

Tracked equipment used to place and spread Protective Cover shall
operate on at least 1 foot of material overlying geosynthetics and/or piping.
Sharp turning of tracked equipment on the Protective Cover will not be
permitted.

On slopes > 6H:1V, Protective Cover shall be placed and spread from the
bottom up unless otherwise approved by the Engineer. No material shall
be dumped down a slope.

Protective Cover shall be placed and compacted to the lines and grades
shown on the Contract Drawings with the exception that a 0.15 foot
overbuild at Contractor’s expense is allowed. The Contractor will perform
all surveys necessary to establish and verify lines and grades for all
Protective Cover.

Protective Cover shall be compacted by tracking the final lift with tracked
equipment.

4. The Protective Cover shall be spread in a manner that minimizes development of
wrinkles or tension in the underlying geosynthetics. Any portion of the
underlying geosynthetics that develops excessive wrinkles or crimp or is
otherwise damaged shall be repaired by the Geosynthetics Installer at no expense
to the Owner.

Protective Cover shall not be placed when conditions are warm enough to
produce excessive wrinkles in the underlying geosynthetics. Likewise,
Protective Cover shall not be placed when conditions are cold enough to
produce tension in the underlying geosynthetics.

If during spreading, excessive wrinkles develop, the Contractor shall
adjust placement and spreading methods, or cease until the underlying
geosynthetics cool and wrinkles decrease in size.

Wrinkles that exceed approximately 6 inches in height and cannot be
eliminated by amended placement and spreading methods or underlying
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geosynthetics that become crimped shall be cut and repaired by the
Geosynthetics Installer in a method approved by the Engineer.

5. Stockpiling of Protective Cover within the limits of the containment area shall be
subject to advance approval by the Engineer. Any hauling equipment (dump
trucks, etc.) operating over geosynthetics shall have a minimum of 3 feet of
separation between the vehicle wheels and the Geomembrane.

6. Protective Cover shall not be placed over the gravel columns or over the coarse
aggregate in the sump area(s) without a protective geotextile or other approved
means.

The Contractor shall minimize equipment operations directly over coarse
aggregate.

7. The CQA Engineer may require removal of Protective Cover and/or other
underlying layers at the Contractor's sole expense to allow examination of the
underlying geosynthetics and/or piping. Any damage to underlying layers or
excessive wrinkling or crimping during placement or compaction of the Protective
Cover shall be repaired in accordance with the applicable section of these
Specifications at the Contractor's sole expense.

8. Surveying:
After completion of a segment of Protective Cover, the Protective Cover shall be
surveyed on 100 foot centers and at slope breaks (including all tops and toes of
slope, points of grade change, etc.) to ensure:

a. The specified thickness has been achieved.

b. The top of the Protective Cover slopes at grades specified on the Contract
Drawings; and

c. Protective Cover placed more than 0.15 feet beyond the limits of the lines
and grades as shown on the Contract Drawings will not be accepted and
must be removed at the Contractor's expense if required by the Engineer.

This work shall be performed at the Contractor’s cost by a surveyor registered in

the State of North Carolina.

END OF SECTION
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SECTION 02258

VEGETATIVE SOIL LAYER

Vegetative Soil Layer (VSL): The Vegetative Soil Layer (VSL) is placed in the final cover

system in order to support permanent vegetative cover. This section includes the topsoil to be
placed as the upper 6 inches of the VSL.

A. DESCRIPTION

1.

General:

The Contractor shall furnish all labor, material, and equipment to complete
installation of the VSL (including topsoil) for the landfill cover, including
borrowing, hauling, spreading, and final grading and all necessary and incidental
items as detailed or required to complete the VSL, all in accordance with the
Contract Drawings and these Specifications.

Related Work:

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

Work Section

HDPE Pipe 02614
Drainage Aggregate (Final Cover) 02711
Drainage Geocomposite 02712
LLDPE Geomembrane 02778
Revegetation 02930
CQA Manual Attached

Reference Standards:

The latest revision of the following standards of the American Society of Testing
and Materials (ASTM) are hereby made a part of these Specifications.

ASTM D 422 Standard Test Method for Particle Size Analysis of Soils.

ASTM D 2487 Standard Practice for Classification of Soils for
Engineering Purposes (Unified Soil Classification System).
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4, Quality Assurance;

Quality Assurance during placement of Vegetative Soil Layer will be provided by
the Owner as described in the accompanying Project CQA Manual.
B. MATERIALS

Soil that meets all of the following requirements shall be classified as select soil fill for

use in construction of the VSL.

1. Soil shall be classified according to the Unified Soil Classification System
(USCS) as SC or CL (ASTM D 2487) and shall have no more than 15% non-
plastic fines (ASTM D 422). Alternatives to these requirements must be approved
in advance by the Engineer.

2. Select soil fill materials shall be reasonably free of gypsum, ferrous, and/or
calcareous concretions and nodules, refuse, roots, or other deleterious substances.

3. Continuous and repeated visual inspection of the materials being used will be
performed by the Contractor to ensure proper soils are being used. In addition, the
CQA Engineer shall make frequent inspections of the placement operations and
materials, and will consult with the Engineer.

4. The VSL shall be uniform, smooth, and free of debris, rock, plant materials, and
other foreign material larger than 3 inches in diameter. The material should
contain no sharp edges. This material must be capable of supporting growth of
vegetative cover.

5. Topsoil: The upper 6 inches of VSL shall be natural or blended soil material
capable of supporting the growth of vegetative cover.

C. SUBMITTALS

The Contractor shall submit the following to the CQA Engineer:

1. Before approval is given to proceed, the Contractor shall submit descriptive
information on placement equipment to be used in construction of the VSL.

2. Survey Results:

After completion of a segment of VSL, survey results shall be submitted for
review prior to VSL acceptance.
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D. CONSTRUCTION

1.

The VSL is placed directly over geosynthetics and/or piping; thus, extreme
caution shall be exercised by the Contractor to prevent damage to these materials.

2. All placement and compaction of VSL shall be performed only when the CQA
Engineer is informed by the Contractor of intent to perform such work.

3. VSL shall be placed over geosynthetics only after areas have been released by the
Geosynthetics Installer and the CQA Engineer. VSL shall be placed as specified
below:

a. The VSL, including topsoil, shall be placed and spread using low ground
pressure (6 psi or less) tracked equipment. The CQA Engineer shall
approve the equipment used to place the VSL.

b. Tracked equipment used to place and spread VSL shall operate on at least
1 foot of material overlying geosynthetics and/or piping. Sharp turning of
tracked equipment on the VSL will not be permitted.

C. On slopes > 6H:1V, VSL shall be placed and spread from the bottom up
unless otherwise approved by the Engineer. No material shall be dumped
down a slope.

d. VSL shall be placed and compacted to the lines and grades shown on the
Contract Drawings with the exception that a 0.15 foot overbuild at
Contractor’s expense is allowed. The Contractor will perform all surveys
necessary to establish and verify lines and grades for all VSL.

e. VSL shall be compacted by tracking the final lift with tracked equipment.

4, The VSL shall be spread in a manner that minimizes development of wrinkles or
tension in the underlying geosynthetics. Any portion of the underlying
geosynthetics that develops excessive wrinkles or crimp or is otherwise damaged
shall be repaired by the Geosynthetics Installer at no expense to the Owner.

a. VSL shall not be placed when conditions are warm enough to produce
excessive wrinkles in the underlying geosynthetics. Likewise, VSL shall
not be placed when conditions are cold enough to produce tension in the
underlying geosynthetics.

b. If during spreading, excessive wrinkles develop, the Contractor shall
adjust placement and spreading methods, or cease until the underlying
geosynthetics cool and wrinkles decrease in size.
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c. Wrinkles that exceed approximately 6 inches in height and cannot be
eliminated by amended placement and spreading methods or underlying
geosynthetics that become crimped shall be cut and repaired by the
Geosynthetics Installer in a method approved by the Engineer.

5. Stockpiling of VSL on the final cover shall be subject to advance approval by the
Engineer. Any hauling equipment (dump trucks, etc.) operating over
geosynthetics shall have a minimum of 3 feet of separation between the vehicle
wheels and the Geomembrane.

6. The CQA Engineer may require removal of VSL and/or other underlying layers at
the Contractor's sole expense to allow examination of the underlying
geosynthetics and/or piping. Any damage to underlying layers or excessive
wrinkling or crimping during placement of the VSL shall be repaired in
accordance with the applicable section of these Specifications at the Contractor's
sole expense.

7. After the specified thickness has been achieved and verified, the Contractor shall
proceed immediately with seeding.

8. Surveying:

After completion of a segment of VSL, the VSL shall be surveyed on 100 foot
centers and at slope breaks (including all tops and toes of slope, points of grade
change, etc.) to ensure:

a. The specified thickness has been achieved. A hand auger or similar
method may be used to check for thickness at each location.

b. The top of the VSL slopes at grades specified on the Contract Drawings;
and

C. VSL placed more than 0.15 feet beyond the limits of the lines and grades
as shown on the Contract Drawings will not be accepted and must be
removed at the Contractor's sole expense if required by the Engineer.

This work shall be performed at the Contractor’s cost by a surveyor registered in

the State of North Carolina.

END OF SECTION
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SECTION 02270

EROSION AND SEDIMENTATION CONTROL

Erosion and Sedimentation Control: Erosion and Sedimentation Control is a system of
construction practices and engineered structures which act to minimize surface water induced
erosion of disturbed areas and resulting sedimentation off-site.

A. DESCRIPTION

1. General:

The Contractor shall furnish all labor, material, and equipment to complete
installation of and maintain Erosion and Sedimentation Control facilities and
other construction in accordance with the Contract Drawings and these
Specifications.

2. Related Work:

Related Contract Work is described in the following sections of the

Specifications:

Work Section
Geotextiles 02240
Rip Rap 02271
Rolled Erosion Control Products 02275
HDPE Pipe 02614
Storm Water Systems 02720
Revegetation 02930

3. Reference Standards:

The latest revision of the following standards of the American Society of Testing
and Materials (ASTM) are hereby made a part of these specifications.

ASTM D 3786 Test Method for Hydraulic Bursting Strength of Knitted
Goods and Nonwoven Fabrics: Diaphragm Bursting
Strength Tester Method.
ASTM D 4355 Standard Test Method for Deterioration of Geotextiles from
Exposure to Ultraviolet Light and Water (Xenon-Arc Type
Apparatus).
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ASTM D 4491 Standard Test Methods for Water Permeability of
Geotextiles by Permittivity.

ASTM D 4533 Standard Test Method for Trapezoid Tearing Strength of
Geotextiles.
ASTM D 4632 Standard Test Method for Grab Breaking Load and

Elongation of Geotextiles.

ASTM D 4751 Standard Test Method for Determining Apparent Opening
Size of a Geotextile.

ASTM D 4833 Standard Test Method for Index Puncture Resistance of
Geotextiles, Geomembranes, and Related Products.

B. MATERIALS

1.

Permanent Sediment Basins:

Permanent sediment basins shall be constructed as shown on the Contract
Drawings.

Permanent Ditches, Swales, and Drainage Channels:

Permanent ditches, swales, and drainage channels shall be constructed as shown
on the Contract Drawings.

Silt Fence:

Silt fences shall be constructed as shown on the Contract Drawings and as needed,
based on the Contractor’s discretion and Engineer’s approval. The silt fence is a
permeable barrier erected within and downgradient of small disturbed areas to
capture sediment from sheet flow. It is made of filter fabric buried at the bottom,
stretched, and supported by posts and wire mesh backing. Silt fence shall
conform to the following properties:

a. Posts: Posts shall be 3 feet long “U” or “T”-type steel or wood posts.
b. Filter Fabric: Filter fabric shall be a woven geotextile made specifically

for sediment control. Filter fabric shall conform to the properties listed in
Table 1 of this section.
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4. Geotextiles:

Geotextiles shall conform to the requirements of Section 02240, Geotextiles, of
these Specifications.

5. Down Pipes:
Down pipes shall be constructed as shown on the Contract Drawings.
6. Rip Rap:

Rip Rap shall conform to the requirements of Section 02271, Rip Rap, of these
Specifications.

7. Rolled Erosion Control Products (RECPs):

Rolled Erosion Control Products (RECPs) shall conform to the requirements of
Section 02275, Rolled Erosion Control Products, of these Specifications.

8. Other Work:

In addition to the erosion control measures shown on the Contract Drawings, the
Contractor shall provide adequate means to prevent any sediment from entering
any storm drains, drop inlets, ditches, streams, or bodies of water downstream of
any area disturbed by construction. Excavation materials shall be placed upstream
of any trench or other excavation to prevent sedimentation of off-site areas. In
areas where a natural buffer area exists between the work area and the closest
stream or water course, this area shall not be disturbed. All paved areas shall be
scraped and swept as necessary to prevent the accumulation of dirt and debris.
Work associated with this provision shall be considered incidental to the project
and no separate payment will be made.

13. Temporary and Permanent Ground Cover:

The Contractor shall provide temporary or permanent ground cover adequate to
restrain erosion on erodible slopes or other areas within 15 working days or 30
calendar days (whichever is shorter) following completion of any phase of
grading.

C. SUBMITTALS

The Contractor shall submit the following to the Engineer:
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Submit a certification and summary of all required test results, prior to
installation, that all Erosion and Sedimentation Control materials manufactured
for the project have been produced in accordance with these Specifications.

Furnish copies of the delivery tickets or other approved receipts as evidence for
materials received that will be incorporated into construction.

D. CONSTRUCTION

Establishment of Erosion Control Devices:

All erosion control structures will be constructed according to the
Contract Drawings and these Specifications.

Due to the nature of the work required by this Contract, it is anticipated
that the location and nature of the erosion control devices may need to be
adjusted on several occasions to reflect the current phase of construction.

Erosion control devices shall be established prior to the work in a given
area. Where such practice is not feasible, the erosion control device(s)
shall be established immediately following completion of the clearing
operation.

The construction schedule adopted by the Contractor will impact the
placement and need for specific devices required for the control of erosion.
The Contractor shall develop and implement such additional techniques as
may be required to minimize erosion and off-site sedimentation.

The location and extent of erosion control devices shall be revised at each
phase of construction that results in a change in either the quantity or
direction of surface runoff from construction areas. All deviations from
the control provisions shown on the Contract Drawings shall have the
prior approval of the Engineer.

Maintenance of Erosion Control Devices:

The Contractor shall furnish the labor, material, and equipment required
for maintenance of all erosion control devices. Maintenance shall be
scheduled as required for a particular device to maintain the removal
efficiency and intent of the device.

All erosion control devices shall be inspected immediately after each
significant rainfall event, and appropriate maintenance conducted.

Maintenance shall include, but not be limited to:
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@) The removal and satisfactory disposal of trapped or deposited
sediments from basins, traps, barriers, filters, and/or drainage
features/devices;

(2) Replacement of filter fabrics used for silt fences upon loss of
specified efficiency; and

3) Replacement of any other components which are damaged or
cannot serve the intended use.

d. The Contractor shall accept and maintain any existing sediments that are
included in existing sediment traps or sediment basins that accept or will
accept stormwater flow and or silt accumulation from all areas within the
Contractor’s limits of construction.

e. Sediments removed from erosion control devices shall be disposed of in
locations that will not result in off-site sedimentation as approved by the
Engineer.

f. All erosion control structures shall be maintained to the satisfaction of the

Engineer until the site has been stabilized.

3, Finish Grading:

All disturbed areas shall be uniformly graded to the lines, grades, and elevations
shown on the Contract Drawings. Finished surfaces shall be reasonably smooth,
compacted, and free from irregular surface changes. Unless otherwise specified,
the degree of finish shall be that ordinarily obtainable from either blade or scraper
operations. Areas shall be finished to a smoothness suitable for application of
topsoil.

4. Seeding:

Seeding shall conform to the requirements of Section 02930, Revegetation, of
these Specifications.

5. Cleanup:

a. The Contractor shall remove from the site all subsoil excavated from his
work and all other debris including, but not limited to, branches, paper,
and rubbish in all landscape areas, and remove temporary barricades as the
work proceeds.
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b. All areas shall be kept in a neat, orderly condition at all times. Prior to
final acceptance, the Contractor shall clean up the entire landscaped area
to the satisfaction of the Engineer.

TABLE 1: REQUIRED SILT FENCE FILTER FABRIC PROPERTIES

PROPERTY TEST METHOD UNITS VALUE!'
Grab Tensile Strength? ASTM D 4632 Ibs 100 x 100
Grab Elongation ASTM D 4632 % 15 (Max.)
Trapezoidal Tear Strength? ASTM D 4533 lbs 50x 50
Burst Strength ASTM D 3786 psi 265
Puncture Resistance ASTM D 4833 Ibs 55
Ultraviolet Resistance (500 hrs) ASTM D 4355 % 80
Apparent Opening Size (AOS) ASTM D 4751 U.S. Sieve 20 (Max.)/40 (Min.)
Permittivity ASTM D 4491 sec’! 0.20

Notes:

1. Minimum Average Roll Value (MARYV).
2. Values for machine and cross machine direction (MD x XD), respectively.

END OF SECTION
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SECTION 02271

RIP RAP

Rip Rap: This section includes all rip rap aprons and channel protection.

A. DESCRIPTION

l.

General:

The Contractor shall furnish all labor, material, and equipment to complete
installation of Rip Rap for protection of earthen slopes against erosion as
indicated, including all necessary and incidental items, in accordance with the
Contract Drawings and these Specifications.

Related Work:

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

Work Section
Geotextiles 02240
Erosion and Sedimentation Control 02270

Reference Standards:

The latest revision of the following standards of the North Carolina Department of
Transportation (NCDOT) are hereby made a part of these Specifications.

NCDOT Standard Specifications for Roads and Structures.

B. MATERIALS

1.

Rip Rap: Rip Rap shall be of the size indicated on the Contract Drawings and
shall conform to NCDOT Section 1042, Rip Rap Materials.

Geotextiles: Geotextiles shall conform to the requirements outlined in Section
02240, Geotextiles, of these Specifications.

C. SUBMITTALS

The Contractor shall submit the following to the Engineer:

Johnston County C&D Landfill - Area 2 Specifications

October 2005

RIP RAP Page 02271-1



1. Submit a certification and summary of all required test results prior to installation,
that all Rip Rap has been produced in accordance with these Specifications.

2. Furnish copies of the delivery tickets or other approved receipts as evidence for
materials received that will be incorporated into construction.

D. CONSTRUCTION

1. Surface Preparation:

a. Trim and dress all areas to conform to the Contract Drawings as indicated
with tolerance of 2 inches from theoretical slope lines and grades.

b. Bring areas that are below allowable minimum tolerance limit to grade by
filling with compacted Embankment material similar to adjacent material.

C. Geotextiles shall be placed as shown on the Contract Drawings and in
accordance with Section 02240, Geotextiles, of these Specifications.

d. Do not place any stone material on the prepared surface prior to inspection
and approval to proceed from the Engineer.

2. Placing Rip Rap:

Rip Rap shall be placed in accordance with NCDOT Section 868, Rip Rap.

END OF SECTION
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SECTION 02275

ROLLED EROSION CONTROL PRODUCTS

Rolled Erosion Control Products: Rolled Erosion Control Products (RECPs) include erosion

control blankets (ECB) and turf reinforcement mats (TRM) placed in channels and on slopes.

A. DESCRIPTION

1. General:

The Contractor shall furnish all labor, material, and equipment to complete
installation of all RECPs in accordance with the Contract Drawings and these

Specifications.

2. Related Work:

Related Contract Work is described in the following sections of the

Specifications:
Work Section
Erosion and Sedimentation Control 02270
Revegetation 02930
3. Reference Standards:

The latest revision of the following standards of the American Society of Testing
and Materials (ASTM) are hereby made a part of these specifications.

ASTM D 4355

ASTM D 6475

ASTM D 6524

ASTM D 6525

Standard Test Method for Deterioration of Geotextiles from
Exposure to Ultraviolet Light and Water (Xenon-Arc Type
Apparatus).

Standard Test Method for Measuring Mass per Unit Area of
Erosion Control Blankets.

Standard Test Method for Measuring the Resiliency of Turf
Reinforcement Mats.

Standard Test Method for Measuring Nominal Thickness of
Permanent Erosion Control Products.
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B.

1.

ASTM D 6566 Standard Test Method for Measuring Mass per Unit Area of
Turf Reinforcement Mats.

ASTM D 6818 Standard Test Method for Ultimate Tensile Properties of
Turf Reinforcement Mats.

MATERIALS

General:

The materials supplied under these Specifications shall consist of new, first-
quality products designed and manufactured specifically for the purpose of this
work, which shall have been satisfactorily demonstrated, by prior use, to be
suitable and durable for such purposes.

Labels on each RECP shall identify the length, width, product name, and name of
Manufacturer.

Erosion Control Blanket (ECB) (Double Net):

ECB (double net) shall consist of a machine-produced mat of straw or wood
excelsior fiber covered on the top and bottom sides with photodegradable
extruded plastic or woven biodegradable nettings and sewn together with
degradable thread. ECB (double net) shall also conform to the properties listed in
Table 1 of this section. ECB (double net) shall be S150, as manufactured by
North American Green, CURLEX II, as manufactured by American Excelsior
Company, LANDLOK S2, as manufactured by Synthetic Industries, or approved
equal.

Turf Reinforcement Mat (TRM):

TRM (Type 1) shall consist of a dense web of crimped and interlocking
polypropylene fibers positioned between two biaxially oriented nets and
mechanically bound together by parallel stitching with polypropylene thread.
TRM (Type 1) shall be designed to accelerate seedling emergence, exhibit high
resiliency, and possess strength and elongation properties to limit stretching in a
saturated condition. TRM (Type 1) shall be stabilized against chemical and UV
degradation which are normally found in a natural soil environment and shall have
no biodegradable components. TRM (Type 1) shall also conform to the properties
listed in Table 1 of this section. TRM (Type 1) shall be LANDLOK TRM 435, as
manufactured by Synthetic Industries, or approved equal.

Anchors: Anchors for RECPs shall consist of machine made staples of No. §
gauge new steel wire formed into a “U” shape. The size when formed shall be not
less that 8 inches in length with a throat of not less than 1 inch in width. Longer
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anchors may be required for loose soils. Other anchors, such as metal pins or
plastic pegs, may also be used if approved in advance by the Engineer.

C. SUBMITTALS

The Contractor shall submit the following to the Engineer:

1.

Mill Certificate and Sample: Prior to shipping to the site, the Contractor shall
submit a mill certificate or affidavit signed by a legally authorized official of the
Manufacturer for each RECP attesting that each RECP meets the physical and
manufacturing requirements stated in these Specifications. The Contractor shall
also submit a sample of each RECP to be used. The sample shall be labeled with
the product name and be accompanied by the Manufacturer's specifications.

Shipping, Handling, and Storage Instructions: The Manufacturer's plan for
shipping, handling, and storage shall be submitted for review.

Installation Guidelines/Instructions: The Manufacturer's guidelines/instructions
for installation shall be submitted for review.

Furnish copies of delivery tickets or other approved receipts as evidence for
materials received that will be incorporated into the construction.

CONSTRUCTION

1.

Shipping, Handling, and Storage:

All RECPs shall be shipped, handled, and stored in strict accordance with the
Manufacturer's recommendations.

Installation - General:

a. Placing of RECPs shall be done immediately following seeding. Seeding
shall be performed in accordance with Section 02930, Revegetation, of
these Specifications.

b. RECPs shall be placed to the lines and grades shown on the Contract
Drawings. The earth surface shall be smooth and free from stones, clods,
or debris which will prevent the contact of the RECP with the soil. Care
shall be taken to preserve the required line, grade, and cross section of the
area.

c. RECPs shall be unrolled in the direction of the flow of water and shall be
applied without stretching so that it will lie smoothly but loosely on the
soil surface.
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d. At the time of installation, RECPs shall be rejected, if they have defects,
rips, holes, flaws, evidence of deterioration, or other damage.

€. The Engineer may require adjustments in the installation requirements to
fit individual conditions.

Installation - Channels:

RECPs installed in channels shall be unrolled parallel to the direction of water
flow. The first roll shall be centered longitudinally in the channel and anchored
with staples. Subsequent rolls shall be installed outward to the edges of the
channel and be lapped to allow installation of a common row of anchors. RECP
ends shall be overlapped with the upstream ends on top (“shingled”). Refer to the
Contract Drawings and/or the Manufacturer’s installation guidelines/instructions
for installation details.

Installation - Slopes:

RECPs installed on slopes shall be oriented in vertical strips and anchored.
Subsequent rolls shall be installed outward to the edge(s) of the original roll and
be lapped to allow installation of a common row of anchors. RECP ends shall be
shingled. Refer to the Contract Drawings and/or the Manufacturer’s installation
guidelines/instructions for installation details.

Maintenance:

Maintenance of RECPs shall be in accordance with Section 02270, Erosion and
Sedimentation Control, of these Specifications.

Johnston County C&D Landfill - Area 2 Specifications

October 2005

ROLLED EROSION CONTROL PRODUCTS Page 02275-4



TABLE 1: REQUIRED ROLLED EROSION CONTROL PRODUCT PROPERTIES

PROPERTY TEST METHOD UNITS VALUE!

Erosion Control Blanket (ECB) (Double Net)

Mass per Unit Area ASTM D 6475 lbs/yd? 0.5 +10%
(Straw)
0.7+ 10%
(Excelsior)
Maximum Permissible | = - 1b/ft 1.75

Shear Stress
(Un-Vegetated)

Functional Longevity |  -=--- months 12

Turf Reinforcement Mat (TRM)

Mass per Unit Area ASTM D 6566 oz/yd* 3
Thickness ASTM D 6525 inches 0.35
Tensile Strength? ASTM D 6818 Ibs/ft 225x 175
Tensile Elongation ASTM D 6818 % 50 (max.)
Resiliency ASTM D 6524 % 80
UV Resistance (1,000 ASTM D 4355 % 80
Hours)
Maximum Permissible Large Scale 1b/ft? 5
Shear Stress (Long-Term
Vegetated)

Notes:

1. Typical for ECB; Minimum Average Roll Value (MARV) for TRM.
2. Values for machine and cross machine direction (MD x XD), respectively.

END OF SECTION
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SECTION 02500

ROADWAY WORK

Roadway Work: Roadway Work refers to the construction of gravel road surfaces.

A. DESCRIPTION

1. General:

The Contractor shall furnish all labor, material, and equipment required to
complete construction of all Roadway Work including gravel roads in accordance

with the Contract Drawings and these Specifications.
2. Related Work:

Related Contract Work is described in the following sections of the

Specifications:
Work Section
Excavation 02222
Embankment 02223
Geotextiles 02240
3, Reference Standards:

The latest revision of the following standards of the North Carolina Department of
Transportation (NCDOT) are hereby made a part of these Specifications:

NCDOT Standard Specifications for Roads and Structures.

B. MATERIALS

1. Geotextiles:

Geotextiles shall conform to the requirements outlined in Section 02240,

Geotextiles, of these Specifications.

2. Agoregate Base Course (ABC):

All work, including materials, associated with ABC shall be in accordance with
NCDOT Section 520, Aggregate Base Course, except that Articles 520-7
(Contractor Furnished Laboratory), 520-12 (Method of Measurement), and 520-13
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(Basis of Payment) shall be deleted. Type “A” or “B” aggregate will be
acceptable for this project.

C. SUBMITTALS

The Contractor shall submit the following to the Engineer:

L. Submit a certification and summary of all required test results, prior to
installation, that all materials for Roadway Work have been produced in
accordance with these Specifications.

2. Furnish copies of the delivery tickets or other approved receipts as evidence for
materials received that will be incorporated into construction.

D. CONSTRUCTION

1. General:

All Roadway Work including the replacement of portions of the existing roads
shall be to the limits, grades, thicknesses, and types as shown on the Contract
Drawings. Patches for pipe crossings and areas damaged during the construction
work shall be asphalt or gravel, depending upon the material encountered, unless
otherwise indicated.

2. Earthwork:
The earthwork for all Roadway Work shall be completed in accordance with
Section 02222, Excavation, and Section 02223, Embankment, of these
Specifications and as shown on the Contract Drawings.

3. Geotextiles:
Geotextiles shall be placed as shown on the Contract Drawings and in accordance
with Section 02240, Geotextiles, of these Specifications. If overlapped seams are

used, overlaps shall be a minimum of 12 inches.

4, Aggregate Base Course:

ABC shall be constructed in accordance with NCDOT Section 520.

END OF SECTION
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SECTION 02608

PRECAST CONCRETE STRUCTURES

Precast Concrete Structures: Precast Concrete Structures are used in the stormwater and

leachate management systems.

A. DESCRIPTION

1.

General:

The Contractor shall furnish all labor, material, and equipment to complete
installation of Precast Concrete Structures in accordance with the Contract
Drawings and these Specifications.

Related Work:

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

Work Section

Excavation 02222
Embankment 02223
HDPE Pipe 02614
Valves 02640
Concrete Work 03310
CQA Manual Attached

Reference Standards:

The latest revision of the following standards of the American Society of Testing
and Materials (ASTM) are hereby made a part of these Specifications.

ASTM A 615 Standard Specification for Deformed and Plain Billet-Steel
Bars for Concrete Reinforcement.

ASTM C 443 Standard Specification for Joints for Circular Concrete
Sewer and Culvert Pipe, Using Rubber Gaskets.

ASTM C 478 Standard Specification for Precast Reinforced Concrete
Manhole Sections,
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ASTM C 497 Standard Test Methods for Concrete Pipe, Manhole
Sections, or Tile.

ASTM C 789 Standard Specification for Precast Reinforced Concrete
Box Sections for Culverts, Strom Drains, and Sewers.

ASTM C 850 Standard Specification for Precast Reinforced Concrete
Box Sections for Culverts, Strom Drains, and Sewers with
Less Than 2 feet of Cover Subjected to Highway Loadings.

ASTM C 990 Standard Specification for Joints for Concrete Pipe,
Manholes, and Precast Box Sections Using Preformed

Flexible Joint Sealants.

Quality Control:

The Contractor shall perform leak testing of Precast Concrete Structures as
described in this section.

Quality Assurance:

Quality Assurance during placement of Precast Concrete Structures will be
provided by the Owner as described in the accompanying Project CQA Manual.

B. MATERIALS

1.

Precast Concrete Manholes: All precast concrete manholes shall be constructed
from non-shrink, 4,000 psi compressive strength concrete in conformance with
ASTM C 478 and as detailed on the Contract Drawings.

Precast Concrete Boxes: All precast concrete boxes shall be constructed from
non-shrink, 4,000 psi compressive strength concrete in conformance with ASTM
C 789 or ASTM C 850, as applicable, and as detailed on the Contract Drawings.

Precast Energy Dissipaters: All precast energy dissipaters shall meet the
requirements of NCDOT and shall be constructed from non-shrink, 4,000 psi
compressive strength concrete in conformance with ASTM C 789 or ASTM C
850, as applicable, and as detailed on the Contract Drawings.

Joints: All joints shall be sealed with preformed plastic gaskets in conformance
with ASTM C 990 or rubber gaskets in conformance with ASTM C 443.

Steps: All steps shall be constructed of 0.5 inch reinforcing rod completely
encased in corrosion-resistant rubber or plastic. The upper surfaces of each step
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shall have a traction tread of self cleaning rubber cleats and guide lugs on both
sides to prevent slippage.

0. Frames and Covers: Frames and covers shall consist of cast iron frames and
covers (Vulcan Foundry, or equal) equipped with steel handles and shall be of the
opening size as indicated on the Contract Drawings. Markings on the covers shall
indicate the intended use of the structure and shall be acceptable to the Owner.

7. Markings: All Precast Concrete Structures shall include markings clearly
identitying the date of manufacture, the name of the manufacturer, and any other
pertinent information.

8. Epoxy Coating: Where indicated on the Contract Drawings, an epoxy coating
shall be applied. Epoxy coating shall be Targuard Coal Tar Epoxy by Sherwin-
Williams, or approved equal. Follow the Manufacturer’s recommendations in
applying the epoxy coating.

C. SUBMITTALS

The Contractor shall submit the following to the Engineer:

1. The Contractor shall submit shop drawings for Precast Concrete Structures for
approval at least 4 weeks prior to construction. Shop drawings shall show
complete design, installation, and construction information in such detail as to
enable the Engineer to determine the adequacy of the proposed units for the
intended purpose. Details of steel reinforcement size and placement shall be
included. The shop drawings shall include a schedule which will list the size and
type of precast structure at each location where the precast structures are to be
used.

2. Submit a certification and summary of all required test results, prior to
installation, that all Precast Concrete Structures have been produced in accordance
with these Specifications.

D. CONSTRUCTION

1. The Precast Concrete Structures shall be installed at the locations and to the
elevations indicated on the Contract Drawings. The Contractor shall give the
CQA Engineer sufficient notice so he may observe the field location and
installation activities.

2. The Precast Concrete Structures will be bedded and backfilled as indicated on the
Contract Drawings.
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3. Precast Concrete Structures which are damaged or become damaged will be
rejected or shall be repaired in a manner approved by the Engineer at the
Contractor’s sole expense.

END OF SECTION
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SECTION 02614

HIGH DENSITY POLYETHYLENE (HDPE) PIPE

High Density Polyethylene (HDPE) Pipe: HDPE Pipe is used in the storm water and leachate

management systems.

A. DESCRIPTION

1.

General:

The Contractor shall furnish all labor, material, and equipment to complete
installation of HDPE Pipe in accordance with the Contract Drawings and these
Specifications. The Contractor shall also clean and test pipelines where required.

2. Related Work:
Related Contract Work is described in the following sections of the
Specifications:
Work Section
Excavation 02222
Embankment 02223
Precast Concrete Structures 02608
Drainage Aggregate (Leachate Management) 02710
Drainage Aggregate (Final Cover) 02711
Drainage Geocomposite 02712
LLDPE Geomembrane 02778
Concrete Work 03310
Leachate Pumps and Controls 11314
Landfill Gas System 13255
CQA Manual Attached
3. Reference Standards:
The latest revision of the following standards of the American Society of Testing
and Materials (ASTM) are hereby made a part of these specifications.
ASTM D 638 Standard Test Method for Tensile Properties of Plastics.
ASTM D 790 Standard Test Methods for Flexural Properties of
Unreinforced and Reinforced Plastics and Electrical
Insulating Materials.
Johnston County C&D Landfill - Area 2 Specifications
October 2005 HDPE PIPE Page 02614-1




ASTM D 1238

ASTM D 1505

ASTM D 1603

ASTM D 2837

ASTM D 3035

ASTM D 3261

ASTM D 3350

ASTMF 412

ASTMF 714

ASTMF 1417

ASTMF 1473

ASTMF 2164

Quality Control:

Standard Test Method for Flow Rates of Thermoplastics by
Extrusion Plastometer.

Standard Test Method for Density of Plastics by the
Density-Gradient Technique.

Standard Test Method for Carbon Black in Olefin Plastics.

Standard Test Method for Obtaining Hydrostatic Design
Basis for Thermoplastic Pipe Materials.

Standard Specification for Polyethylene (PE) Plastic Pipe
(DR-PR) Based on Controlled Outside Diameter.

Standard Specification for Butt Heat Fusion Polyethylene
(PE) Plastic Fittings for Polyethylene (PE) Plastic Pipe and
Tubing.

Standard Specification for Polyethylene Plastics Pipe and
Fitting Materials,

Standard Terminology Relating to Plastic Piping Systems.

Standard Specification for Polyethylene (PE) Plastic Pipe
(SDR-PR) Based on Outside Diameter.

Standard Test Method for Installation Acceptance of Plastic
Gravity Sewer Lines Using Low-Pressure Air.

Standard Test Method for Notch Tensile Test to Measure
the Resistance to Slow Crack Growth of Polyethylene Pipes
and Resins.

Standard Practice for Field Leak Testing of Polyethylene
(PE) Pressure Piping Systems Using Hydrostatic Pressure.

The Contractor shall perform pressure testing of HDPE Pipe as described in this

section,

Quality Assurance:

Quality Assurance during placement of HDPE Pipe will be provided by the Owner
as described in the accompanying Project CQA Manual.
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B. MATERIALS

1.

10.

All HDPE Pipe shall be manufactured from new materials meeting the physical
requirements shown in Table 1 of this section.

All HDPE Pipe shall have smooth interior walls and the SDR and diameter of the
pipe shall be as shown on the Contract Drawings.

All HDPE Pipe having an outside diameter 3.5 inches and larger shall meet the
requirements of ASTM F 714. All HDPE Pipe having an outside diameter less
than 3.5 inches shall meet the requirements of ASTM D 3035.

Visible defects, such as cracks, creases, crazing, non-uniformly pigmented areas,
or undispersed raw materials shall not be acceptable and will result in rejection of
the pipe by the CQA Engineer.

Pipe Perforations: The perforations of the perforated HDPE Pipe shall be as
shown on the Contract Drawings.

All HDPE Pipe fittings shall be in accordance with ASTM D 3261 and shall be
manufactured by the Manufacturer of the HDPE Pipe supplied for the project and
shall be pressure rated to match the system piping. The fittings shall be
manufactured from the same materials as the pipe itself. The butt fusion outlets of

fittings shall be machined to the same SDR as the system piping to which they are
to be fused.

HDPE plate, to be placed at the base of the sump, shall be provided and installed
under this section and shall have similar properties to that of HDPE Pipe.

Materials used as anchorage for pipe cleanouts shall be provided and installed
under this section. Concrete shall be in accordance with Section 03310, Concrete
Work, of these Specifications.

Locator Balls:

Locator balls shall be provided and installed along all buried leachate piping
(including leak detection piping) under this section. Locator balls shall have a
self-leveling capability and be 4 inch diameter green ScotchMark ball markers, as

manufactured by 3M, or approved equal.

Electrical Heat Tape and Insulation:

Electrical heat tape and insulation shall be installed where shown on the Contract
Drawings. Heat tape shall be Easy Heat Freeze Free Self Regulating Pipe Heating
System by Easy Heat of New Carlisle, Indiana, or approved equal. Heat tape shall
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be installed per the Manufacturer’s guidelines based on the pipe diameter and a
temperature of -20° F. Insulation shall consist of premolded fiberglass or of
closed cell flexible elastomeric material. Insulation thickness shall be as
recommended by the Manufacturer for a temperature of -20° F. Insulation of
interior service shall be jacketed with suitable moisture resistant fabric type
material. Insulation for exterior service shall have aluminum or plastic jacketing.

C. SUBMITTALS

The Contractor shall submit the following to the CQA Engineer:
1. Submit a certification and summary of all required test results, prior to
installation, that all HDPE Pipe manufactured for the project has been produced in

accordance with these Specifications.

2. Submit a copy of the HDPE Pipe Manufacturer's recommendations for shipping,
handling, and storage of pipe.

3. Furnish copies of the delivery tickets or other approved receipts as evidence for
materials received that will be incorporated into construction.

4, Survey Results:

After placement of HDPE Pipe, survey results shall be submitted for review prior
to acceptance.

D. CONSTRUCTION

1. Shipping , Handling, and Storage:

All HDPE Pipe shall be shipped, handled, and stored in strict accordance with the
Manufacturer's recommendations.

2. HDPE Pipe Installation:

a. The Contractor shall install HDPE Pipe to the lines and grades shown on
the Contract Drawings. Line and grade of piping shall be maintained with
laser or approved equivalent. The Contractor shall give the CQA Engineer
sufficient notice so that the he may observe field location and installation
activities.

b. Excavation for leachate discharge lines shall be backfilled as directed by
the Engineer as shown on the Contract Drawings. Sand backfill or
approved soil backfill compacted to at least 95 percent of the Standard
Proctor dry density (ASTM D 698) shall be used.
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Sharp stones or other potentially damaging material shall be removed from
the base of the trench prior to placement of the piping. A leveling course,
as required, shall consist of sand or other approved material.

C. Pipe Connections: Joining of HDPE Pipe shall be as follows:

(1 General pipe sections shall be butt-fusion welded according to the
Manufacturer's recommendations and shall be performed by a
Manufacturer's authorized, trained fusion technician.

(2) Pipe ends to be butt-fusion welded shall be clean and dry at the
time of welding. No welding shall occur during precipitation or
excessive moisture.

3) The Contractor shall grind burrs or other potentially damaging
areas in the welds prior to placement of the pipe.

4) Specified bolted pipe connections shall be made as specified on the
Contract Drawings using stainless steel hardware and neoprene
gaskets.

(5) Polyethylene stub ends and flanges must be at the ambient
temperature of the surrounding soil at the time they are bolted tight
to prevent relaxation of the flange bolts and loosening of the joint
due to thermal contraction of the polyethylene.

(6) Properly executed electrofusion fittings may be used.

d. Perforated HDPE Pipe shall be placed during construction as shown on the
Contract Drawings.

3. Cleaning:

a. All HDPE Pipe shall be cleaned of any accumulation of silt, debris, or
foreign matter of any kind and shall be kept clear of such accumulation
until final acceptance of the work.

b. Final Flushing: The Contractor shall flush all leachate collection piping
accessible by cleanout ports with potable water at or near the completion
of the work. Any sediment remaining at collection points (sumps,
manholes, etc.) shall be removed and disposed of as directed by the
Engineer.
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4.

Pressure Testing:

All solid piping where factory or field joints have been performed require
pressure testing except as noted below.

(1) Any unjointed section of pipe showing visual signs of damage or
that is of questionable quality may be required to be pressure tested
as directed by the CQA Engineer.

(2) Cleanout risers within the containment areas do not require
pressure testing.

All leachate discharge piping shall be pressure tested by the Contractor
prior to approval by the CQA Engineer.

Pressure testing shall be conducted by the Contractor in a manner
approved by the Engineer. Such testing shall be observed by the CQA
Engineer.

The leachate discharge lines shall be tested as follows:

1 All gravity piping shall be tested using low-pressure air in
accordance with ASTM F 1417.

(2) All force main piping shall be tested using hydrostatic pressure in
accordance with ASTM F 2164.

The pressures used in testing must not exceed the working pressure of the
lowest rated component in the system (i.e. valves, meters, flanges, unions,
etc.). The Manufacturer's recommendation for pressure testing may also
be acceptable as an alternative if approved in advance by the Engineer.

Pressure testing of short sections of leachate discharge line or leachate
discharge line to be placed in confined or inaccessible areas may be
pressure tested by the Contractor prior to installation when approved by
the Engineer. Temporary fittings, etc. required to plug section ends shall
be provided by the Contractor at no expense to the Owner.

Any leachate discharge line that does not meet the pressure test criteria
shall be repaired and retested at the Contractor's expense. No leachate
discharge line shall be approved until successful pressure testing is
completed.

Johnston County C&D Landfill - Area 2 Specifications

October 2005

HDPE PIPE Page 02614-6



5. Surveying:

The Contractor shall survey all HDPE Pipe on 100 foot centers and at bends to
ensure the proper location and grade of the piping,

TABLE 1: REQUIRED HDPE PIPE PROPERTIES

PROPERTY TEST UNITS VALUE!'
METHOD

Material Designation ASTM D412 | —eeeeeeee PE 3408
Cell Classification ASTM D 3350 |  ~emmeeee- 345464 C
Density ASTM D 1505 g/cm’ 0.955
Melt Flow Index ASTM D 1238 g/10 min 0.1
Flexural Modulus ASTM D 790 psi 130,000
Tensile Strength @ Yield ASTM D 638 psi 3,200
SCG (PENT) ASTM F 1473 hrs. > 100
Hydrostatic Design Basis at 73°F | ASTM D 2837 psi 1,600
UV Stabilizer ASTM D 1603 | % Carbon Black 2-3%

Notes:

1. Nominal Values.

END OF SECTION
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SECTION 02640

VALVES

Valves: Swing check, air and vacuum release, and ball valves are to be installed in the
leachate management system of the landfill.

A. DESCRIPTION

1.

General:

The Contractor shall furnish all labor, material, and equipment to complete
installation of all valves including all fittings, appurtenances, and transition pieces
required for a complete and operable installation in accordance with the Contract
Drawings and these Specifications.

2. Related Work:
Related Contract Work is described in the following sections of the
Specifications:
Work Section
Precast Concrete Structures 02608
HDPE Pipe 02614
Concrete Work 03310
CQA Manual Attached
3. Reference Standards:
The latest revision of the following standards of the American National Standard
Institute (ANSI) are hereby made a part of these specifications.
ANSIB 16.1 Pipe Flanges and Flanged Fittings.
4. Quality Assurance:
Quality Assurance during installation of Valves will be provided by the Owner as
described in the accompanying Project CQA Manual.
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B. MATERIALS

l. Valve Materials and Construction:

a. All valves shall be constructed of new, first quality materials which have
strength, wearing, and corrosion resistance characteristics entirely suitable
for the types of service for which the individual valves are designated.

b. All valve body castings shall be clean, sound, and without defects of any
kind. No plugging, welding, or repairing of defects will be allowed.

c. Valves shall have flanged ends for exposed service and mechanical joint
ends for buried service, unless otherwise shown on the Contract Drawings
or specified herein. Flanged ends shall be flat-faced, 125 Ib. American
Standard unless otherwise shown or specified in accordance with ANSI
B16.1. All bolt heads and nuts shall be hexagonal of American Standard
size. The Contractor shall be responsible for coordinating connecting

piping.

Swing Check Valves;

Swing Check Valves shall be constructed of solid Class 12454-B PVC or Class
23447-B CPVC with EPDM or Teflon seats and seals. Valves intended for
chemical service shall be constructed of materials suitable for the intended
service. Valves shall have an external lever and weight. Check valves shall have
flanged (ANSI) ends. Valves shall be capable of top entry to facilitate cleaning
and repair without removal from the line. Valves shall incorporate a single disc
design. Check valves shall be as manufactured by ASAHI/AMERICA, Inc., or
equal.

3. Air and Vacuum Release Valves:

Air and vacuum release valves shall operate by sealing a BUNA-N rubber outlet
seat with a peripheral float as the liquid enters the valve chamber to raise the float.
The valve shall satisfactorily withstand hydrostatic pressures of 300 psi. The
valve shall be constructed of cast iron body and top flange with stainless steel or
bronze and brass trim. The peripheral guided float shall be stainless steel. Air
and vacuum release valves shall be as manufactured by Crispin, or equal.

4, Ball Valves:

Ball valves shall be constructed of PVC. Ball valves shall have two-way blocking
capability and shall have flanged (ANST) ends. Ball valves shall have Teflon seats
with Viton backing cushions and Viton o-ring seals, and shall be designed for a
maximum water working pressure of 150 psi at 120°F. Ball valves shall be
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furnished with ABS lever operating handles. Ball valves shall be as manufactured
by Asahi/America, Inc., or equal.

5. Valve Operators:

The valve operator shall be designed to unseat, open or close, and seat the valve
under the most adverse operating condition to which the valve will be subjected.
All gearing shall be totally enclosed, sealed, and permanently lubricated.

6. Valve Boxes:

Valve boxes shall be constructed of reinforced concrete or cast iron, have cast iron
lids, and shall generally be as shown on the Contract Drawings. Valve boxes shall
be of the appropriate size depending on the particular valve installed. Valve
boxes shall be approved by the Engineer prior to installation. Precast concrete
valve boxes shall be in accordance with Section 02608, Precast Concrete
Structures, of these Specifications.

C. SUBMITTALS

The Contractor shall submit the following to the CQA Engineer:

l. Submit a certification and summary of all required test results, prior to
installation, that all valves manufactured for the project have been produced in
accordance with these Specifications.

2. Submit Shop Drawings for all valves and accessories prior to installation.
Submittals shall include all layout dimensions, size and materials of construction
for all components, information on support and anchoring where necessary,
pneumatic and hydraulic characteristics, and complete descriptive information to
demonstrate full compliance with the Contract Documents.

3. Furnish copies of the delivery tickets or other approved receipts as evidence for
materials received that will be incorporated into construction.

4. Operation and maintenance manuals and installation instructions shall be
submitted for all valves and accessories. The Manufacturer(s) shall delete all
information which does not apply to the equipment being furnished.

D. CONSTRUCTION

1. Before installation, all valves shall be lubricated, manually opened and closed to
check their operation, and the interior of the valves shall be thoroughly cleaned.

2. Install all valves where shown on the Contract Drawings in accordance with the
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Manufacturer's instructions.

3. Install all valves so that operating handwheels or wrenches may be conveniently
turned but without interfering with access, and as approved by the Engineer.

4. Unless otherwise approved, install all valves plumb and level. Valves shall be
installed free from distortion and strain caused by misaligned piping, equipment,
or other causes. Concrete valve footings shall be provided for each unsupported
valve where recommended by the Manufacturer or as directed by the Engineer.

5. Valve boxes shall be set plumb, and centered with the bodies directly over the
valves so that traffic loads are not transmitted to the valve. Earth fill shall be
carefully tamped around each valve box to a distance of 4 feet on all sides of the
box, or to the undisturbed trench face, if less than 4 feet.

END OF SECTION
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SECTION 02710

DRAINAGE AGGREGATE (LEACHATE MANAGEMENT)

Drainage Aggregate: Drainage Aggregate includes coarse aggregate which is placed around
leachate collection pipes (gravel columns) and in the sump for the purpose of leachate
collection and removal.

A. DESCRIPTION

L.

General:

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

Related Work:

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

Work Section

Geotextiles 02240
Protective Cover 02256
HDPE Pipe 02614
Drainage Geocomposite 02712
LLDPE Geomembrane 02778
CQA Manual Attached

Reference Standards:

The latest revision of the following standards of the American Society of Testing
and Materials (ASTM) and the North Carolina Department of Transportation
(NCDOT) are hereby made a part of these specifications.

ASTM C 136 Standard Test Method for Sieve Analysis of Fine and
Coarse Aggregates.

ASTM D 2434 Standard Test Method for Permeability of Granular Soils
(Constant Head).

ASTM D 3042 Standard Test Method for Insoluble Residue in Carbonate
Aggregates.
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NCDOT Standard Specifications for Roads and Structures.

4, Quality Assurance:

Quality Assurance during placement of Drainage Aggregate will be provided by
the Owner as described in the accompanying Project CQA Manual.

B. MATERIALS

1. Coarse Agpregate:

a. Coarse aggregate (NCDOT No. 57 or alternate gradation if approved by
the Engineer) from a non-carbonate source (< 15% carbonate content by
ASTM D 3042) shall be placed around the collection pipes and within the
sumps where shown on the Contract Drawings and shall be approved by
the CQA Engineer at least four weeks prior to construction.

b. Coarse aggregate shall consist of rounded or sub-angular or smoother
particles and shall be sound, durable, and free from seams, cracks, or other
structural defects. The material shall be free of shale, clay, friable
materials, and debris. Coarse aggregate consisting of long, thin, angular
particles may be rejected at the sole discretion of the Engineer.

C. Coarse aggregate shall meet the following gradation criteria.
Sieve Size Percent Passing

1%2 Inch 100

1 Inch 95-100

% Inch 25-60
No. 4 0-10
No. 8 0-5

No. 200 0-2

C. SUBMITTALS

The Contractor shall submit the following to the CQA Engineer:

1. Before approval is given to proceed, the Contractor shall submit descriptive
information on equipment to be used for placement of the Drainage Aggregate.
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2. The Contractor shall submit at least two bulk samples each of leachate collection
media and coarse aggregate from each material source for approval at least four
weeks prior to beginning construction of the leachate collection system. Along
with the bulk samples, the Contractor shall also submit a certification from each
material source that the materials proposed meet the specified gradation
requirements.

D. CONSTRUCTION

1. Failing COA Material Control Tests:

Drainage Aggregate that is rejected upon testing shall be removed from the project
site and replaced at Contractor's cost. Sampling and CQA testing of Drainage
Aggregate supplied as replacement for rejected material shall be performed by the
CQA Engineer at the Contractor's cost.

2. The Drainage Aggregate is placed directly over geosynthetics and piping; thus,
extreme caution shall be exercised by the Contractor to prevent damage to these
materials.

Test areas to evaluate potential damage due to equipment operations may be
required by the Engineer to assess equipment to be used by the Contractor at the
Contractor’s sole expense. Test area parameters shall be determined by the
Engineer and Contractor in advance of construction of the leachate collection
system.

3. All placement of Drainage Aggregate shall be performed only when the CQA
Engineer is informed by the Contractor of intent to perform such work.

4. The Contractor shall exercise care in maintaining a true line and grade for all
piping during placement and spreading of Drainage Aggregate.

5. Drainage Aggregate shall be placed over geosynthetics and/or piping only after
areas have been released by the Geosynthetics Installer and the CQA Engineer.
Drainage Aggregate shall be placed as specified below:

a. Drainage Aggregate shall be placed and spread using tracked equipment,
On slopes > 6H:1V, low ground pressure (6 psi or less) tracked equipment
shall be used. On slopes < 6H:1V, tracked equipment shall have a ground
pressure of 12 psi or less. The CQA Engineer shall approve the equipment
used to place Drainage Aggregate. The Contractor shall place plastic
traffic cones or other markers approved by the CQA Engineer on 100 foot
centers to monitor thickness during placement.
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b. Tracked equipment used to place and spread Drainage Aggregate shall
operate on at least 1 foot of material overlying geosynthetics and/or piping.
Sharp turning of tracked equipment on the Drainage Aggregate will not be
permitted.

c. On slopes > 6H:1V, Drainage Aggregate shall be placed and spread from
the bottom up unless otherwise approved by the Engineer. No material
shall be dumped down a slope.

d. Drainage Aggregate shall not be placed over standing water or ice.

e. Drainage Aggregate shall not be compacted within the limits of the
containment area.

f. Drainage Aggregate shall be placed to the lines and grades as shown on
the Contract Drawings except that a 0.15 foot overbuild at the Contractor’s
expense 1s allowed. Drainage Aggregate placed beyond these limits shall
be removed at the Contractor's sole expense if required by the Engineer.

0. The Drainage Aggregate shall be spread in a manner that minimizes development
of wrinkles or tension in the underlying geosynthetics. Any portion of the
underlying geosynthetics that develops excessive wrinkles or crimp or is
otherwise damaged shall be repaired by the Geosynthetics Installer at no expense
to the Owner.

a. Drainage Aggregate shall not be placed when conditions are warm enough
to produce excessive wrinkles in the underlying geosynthetics. Likewise,
Drainage Aggregate shall not be placed when conditions are cold enough
to produce tension in the underlying geosynthetics.

b. If during spreading, excessive wrinkles develop, the Contractor shall
adjust placement and spreading methods, or cease until the underlying
geosynthetics cool and wrinkles decrease in size.

C. Wrinkles that exceed approximately 6 inches in height and cannot be
eliminated by amended placement and spreading methods or underlying
geosynthetics that become crimped shall be cut and repaired by the
Geosynthetics Installer in a method approved by the Engineer.

7. Stockpiling of Drainage Aggregate within the limits of the containment area shall
be subject to advance approval by the Engineer. Any hauling equipment (dump
trucks, etc.) operating within the containment area shall have a minimum of 3 feet
of separation between the vehicle wheels and the Geomembrane.
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The Contractor shall minimize equipment operations directly over coarse
aggregate.

8. The CQA Engineer may require removal of Drainage Aggregate and/or other
underlying layers at the Contractor’s sole expense to allow examination of the
underlying geosynthetics and/or piping. Any damage to the underlying layers or
excessive wrinkling or crimping during placement of Drainage Aggregate shall be
repaired in accordance with the applicable section of these Specifications at the
Contractor’s sole expense.

END OF SECTION
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SECTION 02711

DRAINAGE AGGREGATE (FINAL COVER)

Drainage Aggregate: Drainage Aggregate includes coarse aggregate, which is placed in the
final cover system for the purpose of surface and subsurface water collection and removal.

A. DESCRIPTION

1. General:
The Contractor shall furnish all labor, material, and equipment to complete the
installation of Drainage Aggregate in accordance with the Contract Drawings and
these Specifications.

2. Related Work:

Related Contract Work is described in the following sections of the

Specifications:

Work Section
Geotextiles 02240
Vegetative Soil Layer 02258
HDPE Pipe 02614
Drainage Geocomposite 02712
LLDPE Geomembrane 02778
CQA Manual Attached

3. Reference Standards:

The latest revision of the following standards of the American Society of Testing
and Materials (ASTM) and the North Carolina Department of Transportation
(NCDOT) are hereby made a part of these specifications.

ASTM C 136 Standard Test Method for Sieve Analysis of Fine and
Coarse Aggregates.
ASTM D 2434 Standard Test Method for Permeability of Granular Soils
(Constant Head).
ASTM D 3042 Standard Test Method for Insoluble Residue in Carbonate
Aggregates.
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NCDOT Standard Specifications for Roads and Structures.

Quality Assurance:

Quality Assurance during placement of Drainage Aggregate will be provided by
the Owner as described in the accompanying Project CQA Manual.

B. MATERIALS

1.

Coarse Aggregate:

a. Coarse aggregate (Rain Gutters: 1% to 3 inch or alternate gradation if
approved by the Engineer) (Other Drains: NCDOT No. 78 and/or 57
Stone) shall be placed around the collection pipes where shown on the
Contract Drawings and shall be approved by the CQA Engineer at least
four weeks prior to construction.

b. Coarse aggregate shall consist of rounded or sub-angular or smoother

particles and shall be sound, durable, and free from seams, cracks, or other
structural defects. The material shall be free of shale, clay, friable
materials, and debris. Coarse aggregate consisting of long, thin, angular
particles may be rejected at the sole discretion of the Engineer.

C. SUBMITTALS

The Contractor shall submit the following to the CQA Engineer:

1.

Before approval is given to proceed, the Contractor shall submit descriptive
information on equipment to be used for placement of the Drainage Aggregate.

The Contractor shall submit at least two bulk samples of each type of coarse
aggregate from each material source for approval at least four weeks prior to
beginning construction of the final cover system. Along with the bulk samples,
the Contractor shall also submit a certification from each material source that the
materials proposed meet the specified gradation requirements.

D. CONSTRUCTION

1.

Failing CQA Material Control Tests:

Drainage Aggregate that is rejected upon testing shall be removed from the project
site and replaced at Contractor's cost. Sampling and CQA testing of Drainage
Aggregate supplied as replacement for rejected material shall be performed by the
CQA Engineer at the Contractor's cost.

Johnston County C&D Landfill - Area 2 Specifications

October 2005

DRAINAGE AGGREGATE (FINAL COVER) Page 02711-2



The Drainage Aggregate is placed directly over geosynthetics and/or piping; thus,
extreme caution shall be exercised by the Contractor to prevent damage to these
materials.

Test areas to evaluate potential damage due to equipment operations may be
required by the Engineer to assess equipment to be used by the Contractor at the
Contractor’s sole expense. Test area parameters shall be determined by the
Engineer and Contractor in advance of construction of the final cover system.

All placement of Drainage Aggregate shall be performed only when the CQA
Engineer is informed by the Contractor of intent to perform such work.

The Contractor shall exercise care in maintaining a true line and grade for all
piping during placement and spreading of Drainage Aggregate.

Drainage Aggregate shall be placed over geosynthetics and/or piping only after
areas have been released by the Geosynthetics Installer and the CQA Engineer.
Drainage Aggregate shall be placed as specified below:

a. Drainage Aggregate shall be placed and spread with low ground pressure
(6 psi or less) tracked equipment. The CQA Engineer shall approve the
equipment used to place Drainage Aggregate.

b. Tracked equipment used to spread Drainage Aggregate shall operate on at
least 1 foot of material overlying geosynthetics and/or piping. Sharp
turning of tracked equipment on the Drainage Aggregate will not be
permitted.

c. On slopes > 6H:1V, Draihage Aggregate shall be placed and spread from
the bottom up unless otherwise approved by the Engineer. No material
shall be dumped down a slope.

d. Drainage Aggregate shall not be placed over standing water or ice.

e. Drainage Aggregate shall not be compacted within the limits of the final
cover.

The Drainage Aggregate shall be spread in a manner that minimizes development
of wrinkles or tension in the underlying geosynthetics. Any portion of the
underlying geosynthetics that develops excessive wrinkles or crimp or is
otherwise damaged shall be repaired by the Geosynthetics Installer at no expense
to the Owner.

a. Drainage Aggregate shall not be placed when conditions are warm enough
to produce excessive wrinkles in the underlying geosynthetics. Likewise,

Johnston County C&D Landfill - Area 2 Specifications

October 2005

DRAINAGE AGGREGATE (FINAL COVER) Page 02711-3



Drainage Aggregate shall not be placed when conditions are cold enough
to produce tension in the underlying geosynthetics.

b. If during spreading, excessive wrinkles develop, the Contractor shall
adjust placement and spreading methods, or cease until the underlying
geosynthetics cool and wrinkles decrease in size.

c. Wrinkles that exceed approximately 6 inches in height and cannot be
eliminated by amended placement and spreading methods or underlying
geosynthetics that become crimped shall be cut and repaired by the
Geosynthetics Installer in a method approved by the Engineer.

Stockpiling of Drainage Aggregate within the limits of the final cover shall be
subject to advance approval by the Engineer. Any hauling equipment (dump
trucks, etc.) operating on the final cover shall have a minimum of 3 feet of
separation between the vehicle wheels and the Geomembrane.

The Contractor shall minimize equipment operations directly over coarse
aggregate.

The CQA Engineer may require removal of Drainage Aggregate and/or other
underlying layers at the Contractor’s sole expense to allow examination of the
underlying geosynthetics and/or piping. Any damage to the underlying layers or
excessive wrinkling or crimping during placement of Drainage Aggregate shall be
repaired in accordance with the applicable section of these Specifications at the
Contractor’s sole expense.

END OF SECTION
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SECTION 02712

DRAINAGE GEOCOMPOSITE

Drainage Geocomposite (DGC): The Drainage Geocomposite consists of a geonet drainage
core with a nonwoven geotextile bonded to each surface. The purpose of the DGC is to
rapidly transmit flow to collection piping.

A. DESCRIPTION

1. General:

The Contractor shall furnish all labor, material, and equipment to complete

installation of DGC, including all necessary and incidental items, in accordance

with the Contract Drawings and these Specifications.

2. Related Work:

Related Contract Work is described in the following sections of the

Specifications:

Work Section
Protective Cover 02256
Vegetative Soil Layer 02258
HDPE Pipe 02614
Drainage Aggregate (Leachate Management) 02710
Drainage Aggregate (Final Cover) 02711
LLDPE Geomembrane 02778
CQA Manual Attached

3. Reference Standards:

The latest revision of the following standards of the American Society of Testing
and Materials (ASTM) and the Geosynthetic Research Institute (GRI) are hereby

made a part of these specifications.

ASTM D 413

ASTM D 1505

ASTM D 1603

Standard Test Methods for Rubber Property - Adhesion to

Flexible Substrate.

Standard Test Method for Density of Plastics by the
Density-Gradient Technique.

Standard Test Method for Carbon Black in Olefin Plastics.
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ASTM D 4218

ASTM D 4355

ASTM D 4491

ASTM D 4632

ASTM D 4716

ASTM D 4751

ASTM D 4833

ASTM D 5199

ASTM D 5261

ASTM D 5321

ASTM D 6243

GRI GC7

Quality Control:

Standard Test Method for Determination of Carbon Black
Content in Polyethylene Compounds By the Muffle-
Furnace Technique.

Standard Test Method for Deterioration of Geotextiles from
Exposure to Ultraviolet Light and Water (Xenon-Arc Type
Apparatus).

Standard Test Methods for Water Permeability of
Geotextiles by Permittivity.

Standard Test Method for Grab Breaking Load and
Elongation of Geotextiles.

Standard Test Method for Constant Head Hydraulic
Transmissivity (In-Plane Flow) of Geotextiles and
Geotextile Related Products.

Standard Test Method for Determining Apparent Opening
Size of a Geotextile.

Standard Test Method for Index Puncture Resistance of
Geotextiles, Geomembranes, and Related Products.

Standard Test Method for Measuring Nominal Thickness of
Geotextiles and Geomembranes.

Standard Test Method for Measuring Mass per Unit Area of
Geotextiles.

Standard Test Method for Determining the Coefficient of
Soil and Geosynthetic or Geosynthetic and Geosynthetic
Friction by the Direct Shear Method.

Standard Test Method for Determining the Internal and
Interface Shear Resistance of Geosynthetic Clay Liner by
the Direct Shear Method.

Determination of Adhesion and Bond Strength of
Geocomposites.

The Contractor shall perform Quality Control tests in accordance with Table 3 of

this section.
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5.

Quality Assurance:

Quality Assurance during installation of DGC will be provided by the Owner as
described in the accompanying Project CQA Manual,

B. MATERIALS

1.

5.

General:

The materials supplied under these Specifications shall consist of new, first-
quality products designed and manufactured specifically for the purpose of this
work, which shall have been satisfactorily demonstrated, by prior use, to be
suitable and durable for such purposes.

Labels on each roll of DGC shall identify the length, width, lot and roll numbers,
and name of Manufacturer.

The geonet drainage core shall be manufactured by extruding polyethylene strands
to form a three dimensional structure to provide planer water flow.

A nonwoven needlepunched geotextile, consisting of polyester or polypropylene
and manufactured in a manner approved by the Engineer, shall be heat bonded to
both sides of the geonet drainage core. Roll edges shall have a maximum
unbonded length of 6 inches, unless otherwise approved by the Engineer. Heat
bonding shall be performed by the Manufacturer prior to shipping to the site.

The geonet drainage core shall contain UV inhibitors to prevent ultraviolet light
degradation.

Physical properties of the DGC shall be as shown in Table 1 of this section.

C. SUBMITTALS

Prior to DGC installation, the Contractor shall submit the following to the CQA
Engineer:

1.

Mill Certificate and Sample: Prior to shipping to the site, the Contractor shall
submit a mill certificate or affidavit signed by a legally authorized official of the
Manufacturer for the DGC attesting that the DGC meets the physical and
manufacturing requirements stated in these Specifications. The Contractor shall
also submit a sample of the DGC to be used. The sample shall be labeled with the
product name and be accompanied by the Manufacturer's specifications.

2. Shipping, Handling, and Storage Instructions: The Manufacturer's plan for
shipping, handling, and storage shall be submitted for review.
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Seaming Procedures:

Submit proposed seaming procedures including proposed method and equipment.

Quality Control Certificates: For DGC delivered to the site, quality control
certificates, signed by the Manufacturer's quality assurance manager shall be
provided which represent every roll of DGC. Each certification shall have the roll
identification number(s), test methods, frequency, and test results. At a minimum,
the test results and frequency of testing shall be as shown in Table 2 of this
section,

Contractor Quality Control Test Results: The Contractor shall provide the results
of required testing.

Furnish copies of delivery tickets or other approved receipts as evidence for
materials received that will be incorporated into the construction.

D. CONSTRUCTION

1.

Shipping. Handling, and Storage:

All DGC shall be shipped, handled, and stored in strict accordance with the
Manufacturer's recommendations.

2. Failing COA Material Control Tests:
DGC that is rejected upon testing shall be removed from the project site and
replaced at Contractor's cost. Sampling and quality assurance testing of DGC
supplied as replacement for rejected material shall be performed by the CQA
Engineer at Contractor's cost.
3. Installation:
a. The DGC shall be placed only on Geomembrane that has been approved
by the Geomembrane Installer and accepted by the CQA Engineer. The
Contractor shall remove debris, including sediment to the degree possible,
from the Geomembrane prior to placement of the DGC.
b. DGC shall be placed to the lines and grades shown on the Contract
Drawings. At the time of installation, the DGC shall be rejected, if it has
defects, rips, holes, flaws, evidence of deterioration, or other damage.
[solated areas of up to 1 square yard where the geotextile has become
delaminated from the geonet drainage core may be allowed by the CQA
Engineer as long as there appears to be a good bond between the geotextile
and the geonet in surrounding areas. Rolls where the geotextile appears to
Johnston County C&D Landfill - Area 2 Specifications
October 2005 DRAINAGE GEOCOMPOSITE Page 02712-4



be easily delaminated from the geonet such as by foot or ATV traffic shall
be rejected.

C. The DGC shall be placed smooth and free of excessive wrinkles.

d. The Contractor shall provide temporary anchorage of the DGC at the top
of perimeter and interior berms during installation as necessary to prevent
movement during construction. Such anchorage may include sandbags
and the like, as approved by the CQA Engineer. Permanent bonding to the
Geomembrane shall be prohibited.

4, Seams:

a. All seams constructed on slopes > 6H:1V or within 10 feet of the toe of a
slope > 6H:1V shall be vertical seams, except where slope lengths exceed
standard roll lengths and elsewhere as approved in advance by the
Engineer. Where allowed by the Engineer, end seams on slopes > 6H:1V
shall be staggered a minimum of 5 feet between adjacent rolls.

b. Geonet Drainage Core: The geonet drainage core shall be laid with a 3
inch minimum overlap seam along roll edges and a 6 inch minimum
overlap seam along roll ends and shall be secured using plastic ties. Ties
shall be placed every 5 feet along roll edges; every 2 feet along roll ends;
and every 6 inches in the anchor trench.

C. Geotextile Component(s): Where applicable, the bottom geotextile of the
DGC shall be overlapped with the same of the adjacent rolls. The top
geotextile of the DGC shall be continuously sewn or heat bonded to the
same of the adjacent rolls with methods approved by the Engineer.

(D Seams to be sewn shall be sewn using a Type 401 stitch. One or
two rows of stitching may be used. Each row of stitching shall
consist of 4 to 7 stitches per inch. The minimum distance from the
geotextile edge to the stitch line nearest to that edge (seam
allowance) shall be 1.5 inches if a Type SSa (prayer or flat) seam is
used. The minimum seam allowance for all other seam types shall
be 1.0 inches.

(2) Seams to be heat bonded shall be bonded using hot plate, hot knife,
ultrasonic, or other approved devices.

5. Repairs:

Any DGC that is torn, crushed, punctured, or otherwise damaged shall be repaired
or replaced, as directed by the CQA Engineer, by the Contractor at no additional
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cost to the Owner. The repair shall consist of a patch of the same type of material,
placed over the damaged area and shall overlap the existing material a minimum
of 12 inches from any point of the damage. The patch shall be connected to the
geonet drainage core of the damaged material using plastic cable ties at a 6 inch
spacing and the upper geotextile of the patch shall be spot sewn or heat bonded to
the upper geotextile of the damaged material. A geotextile patch, spot sewn or
heat bonded to the damaged material, may be used where damage is to only that
portion of the DGC.

Cover Placement:

Placement of materials over DGC shall be performed in a manner as to ensure that
DGC and the underlying geosynthetics are not damaged; minimal slippage of
DGC on the underlying geosynthetics occurs; no excess tensile stresses occur in
the DGC; and that no portion of the DGC develops excessive wrinkles or crimp.
Wrinkles that exceed approximately 6 inches in height and cannot be eliminated
by amended placement and covering methods or DGC that becomes crimped shall
be cut and repaired by the Geosynthetics Installer in a method approved by the
Engineer.
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TABLE 1: REQUIRED DRAINAGE GEOCOMPOSITE PROPERTIES

PROPERTY TEST METHOD UNITS VALUE
Geonet:
Thickness ASTM D 5199 inches 0.25
Density ASTM D 1505 g/em’ 0.94
Carbon Black Content ASTM D 1603/D 4218 % 2-3
Geotextile:
Mass per Unit Area (Unit Wt.) ASTM D 5261 oz/yd? 6
Tensile Properties: ASTM D 4632
Grab Strength lbs 160
Grab Elongation % > 50
Puncture Resistance ASTM D 4833 lbs 55
Apparent Opening Size (AOS) ASTM D 4751 U.S. 70+
Sieve
Permittivity ASTM D 4491 sec”! 1.0
Ultraviolet Resistance (500 hrs) ASTM D 4355 % 70
Geocomposite:
Ply Adhesion ASTM D 413/ Ib/inch 2.0 Typ.
GRI GC7 1.0 Min. Avg.
Transmissivity:
(Base Liner) ASTM D 4716 m*/m/sec 7.5x 10%
(See Note 1)
(Final Cover) 1.0x10°
(See Note 1)
Interface Shear Strength ASTM D 5321 psf
(Peak)? ASTM D 6243 (GCL)
(Base Liner) 125 psf (Load = 200 psf)
1,000 psf (2,500 psf)
2,000 psf (5,000 psf)
4,000 psf (10,000 psf)
(Final Cover) 70 psf (Load = 100 psf)
125 psf (200 psf)
250 psf (400 psf)
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Notes:

l. Base Liner:
Conduct test for transmissivity at a normal compressive load of 7,000 psfand at a
hydraulic gradient of 0.02 after a seating period of at least 100 hours. Boundary
conditions are soil (sand) interface on the upper geotextile and textured LLDPE
geomembrane against the lower geotextile.

Final Cover:

Conduct test for transmissivity at a normal compressive load of 500 psf and at a
hydraulic gradient of 0.25 after a seating period of at least 1 hour. Boundary
conditions are soil (sand) interface on the upper geotextile and textured LLDPE
geomembrane against the lower geotextile.

2. DGC shall have adequate adhesion against adjacent materials under low normal
loads to achieve the successful installation of overlying components without
slippage.
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TABLE 2: REQUIRED MANUFACTURER QUALITY CONTROL TESTS

PROPERTY TEST METHOD MINIMUM TEST
FREQUENCY
Geonet:
Thickness ASTM D 5199 50,000 ft?
Density ASTM D 1505 50,000 ft?
Carbon Black Content ASTM D 1603/D 4218 50,000 ft?
Geotextile:
Mass Per Unit Area ASTM D 5261 200,000 ft?
Tensile Properties ASTM D 4632 200,000 ft*
Puncture Resistance ASTM D 4833 200,000 ft*
Apparent Opening Size (AOS) ASTM D 4751 600,000 f*
Permittivity ASTM D 4491 600,000 ft?
UV Resistance ASTM D 4355 600,000 ft?
Geocomposite:
Ply Adhesion ASTM D 413/ 100,000 ft?
GRI GC7
Transmissivity' ASTM D 4716 100,000 ft*
(See Note 2)
Notes:
1. Conduct transmissivity tests in accordance with the criteria given in Table 1.
2 The required Manufacturer’s quality control testing for transmissivity may be
reduced to one test per resin lot or one test per 500,000 ft* (whichever provides
the larger number of tests) if the minimum measured transmissivity is at least 50%
greater than specified.
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TABLE 3: REQUIRED CONTRACTOR QUALITY CONTROL TESTS

PROPERTY TEST METHOD MINIMUM TEST
FREQUENCY
Interface Shear Strength ASTM D 5321 (See Note 1)
ASTM D 6243 (GCL)

Notes:
1. Test each interface to be used on this project using representative samples of
materials to be supplied under normal loads indicated and using test parameters as

specified by the Engineer. For this project, interfaces to be tested are:

Base Liner - Type 1:

A. Textured LLDPE-GM (40 mil) against Compacted Soil Liner;
B. Drainage Geocomposite against textured LLDPE-GM (40 mil); and
C. Protective Cover against Drainage Geocomposite.

Base Liner - Type 2:

A. Geosynthetic Clay Liner against Subgrade;

B. Textured LLDPE-GM (40 mil) against Geosynthetic Clay Liner;

C. Drainage Geocomposite against textured LLDPE-GM (40 mil); and
D. Protective Cover against Drainage Geocomposite.

Final Cover:

A. Textured LLDPE-GM (30 mil) against existing cover soils (intermediate

cover);
B. Drainage Geocomposite against textured LLDPE-GM (30 mil); and
C. Vegetative Soil Layer against Drainage Geocomposite.

If there are material differences in the surface of any of the geosynthetic materials
from one side to the other, then all possible combinations of interfaces shall be
tested. This testing shall be performed at Contractor cost by an independent GAI
accredited laboratory and submitted to the Engineer for review prior to shipping.
Upon review of test results, the Engineer may allow exceptions to the above
criteria.
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For tests involving textured geomembranes, the laboratory shall also report the
asperity height (GRI GM12) for the material samples used in the actual direct
shear tests.

END OF SECTION
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SECTION 02720

STORM WATER SYSTEMS

Storm Water Systems: Storm Water Systems shall include all piping, pipe fittings, flared end

sections, and other appurtenances designated to convey stormwater.

A. DESCRIPTION

1.

General:

The contractor shall furnish all labor, material, and equipment to complete
installation of Storm Water Systems in accordance with the Contract Drawings
and these Specifications.

2. Related Work:
Related Contract Work is described in the following sections of the
Specifications:
Work Section
Excavation 02222
Embankment 02223
Erosion and Sedimentation Control 02270
Rip Rap 02271
HDPE Pipe 02614
3. Reference Standards:
The latest revision of the following standards of the American Society of Testing
and Materials (ASTM), the American Association of State Highway and
Transportation Officials (AASHTO), and the North Carolina Department of
Transportation (NCDOT) are hereby made a part of these specifications.
ASTM C 76 Standard Specification for Reinforced Concrete Culvert,
Storm Drain, and Sewer Pipe.
ASTM C 150 Standard Specification for Portland Cement.
ASTM D 1248 Standard Specification for Polyethylene Plastics Molding
and Extrusion Materials For Wire and Cable.
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ASTM D 2321

ASTM D 3350

AASHTO M 36

AASHTO M 252

AASHTO M 294

NCDOT

B. MATERIALS

Standard Practice for Underground Installation of
Thermoplastic Pipe for Sewers and Other Gravity-Flow
Applications.

Standard Specification for Polyethylene Plastics Pipe and
Fittings Materials.

Specification for Corrugated Steel Pipe.

Specification for Corrugated Polyethylene Drainage
Tubing, 3 to 10 Inch Diameter.

Specification for Corrugated Polyethylene Pipe, 12 to 36
Inch Diameter.

Standard Specifications for Roads and Structures and
Roadway Standard Drawings.

1. Reinforced Concrete Pipe (RCP):

a. All reinforced concrete pipe shall be manufactured in accordance with
ASTM C 76, Wall Type B or C, and shall be of the class that equals or
exceeds the pipe class as shown on the Contract Drawings. All pipe shall
be aged at the manufacturing plant for at least fourteen (14) days before
delivery to the job site.

b. Minimum pipe laying lengths shall be four (4) feet.

C. Joints for the reinforced concrete pipe shall have bell and spigot ends with
flexible preformed plastic gaskets.

2. Corrugated Metal Pipe (CMP):

a. Corrugated metal pipe and fittings shall be of the sizes shown or specified
and shall conform to every aspect of AASHTO M 36.

b. Corrugated metal pipe shall be fabricated from galvanized steel sheets.
Corrugation profile shall be 2%/ inch crest to crest and % inch crest to
valley, and sheet thickness shall be 16 gage/.064 inch minimum,

c. Pipe sections shall be helically corrugated with each pipe end rerolled to
obtain no less than two (2) annular corrugations.
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d. Coupling Bands: CMP shall be firmly joined by coupling bands in
accordance with the manufacturer’s recommendations. These bands shall
be not more than two nominal sheet thicknesses lighter than the thickness
of the pipe to be connected and in no case lighter than 0.052 inches.

e. All CMP utilized for permanent installation shall have gasketed joints.

f. Asphaltic or bituminous coatings shall be applied in conformance with the
manufacturer’s requirements, as applicable.

Corrugated Polyethylene (CPE) Pipe:

CPE pipe and fittings shall be of the sizes and type shown on the Contract
Drawings and shall conform to every aspect of AASHTO M 252 (3 to 10 inch
diameters) or AASHTO M 294 (12 to 36 inch diameters). All Type S CPE pipe
shall have watertight joints.

Flared End Sections:

Flared end sections shall be reinforced and shall be fabricated from the same
materials meeting the same requirements as the pipe to which they are connected.
All reinforced concrete and corrugated metal flared end sections shall meet the
requirements of the NCDOT. Corrugated polyethylene flared end sections shall
be as recommended by the pipe manufacturer.

SUBMITTALS

The Contractor shall submit the following to the CQA Engineer:

1.

Submit a certification and summary of all required test results, prior to
installation, that all Storm Water Systems have been produced in accordance with
these Specifications.

Furnish copies of the delivery tickets or other approved receipts as evidence for
materials received that will be incorporated into construction.

CONSTRUCTION

1.

All piping shall be installed by skilled workmen and in accordance with the best
standards for piping installation. Proper tools and appliances for the safe and
convenient handling and installation of the pipe and fittings shall be used.

All pieces shall be carefully examined for defects, and no piece shall be installed
which is known to be defective. If any defective piece should be discovered after

Johnston County C&D Landfill - Area 2 Specifications

October 2005

STORM WATER SYSTEMS Page 02720-3



having been installed, it shall be removed and replaced at the Contractor's

expense.

3. Excavation and backfilling of pipe trenches shall be as described in Section
02222, Excavation and Section 02223, Embankment, respectively, of these
Specifications.

4. Following proper preparation of the trench subgrade, pipe and fittings shall be

carefully lowered into the trench so as to prevent dirt and other foreign substances
from gaining entrance into the pipe and fittings. Proper facilities shall be
provided for lowering sections of pipe into trenches. No materials shall be
dropped or dumped into the trench.

5. Water shall be kept out of the trench until jointing and backfilling are completed.
When work is not in progress, open ends of pipe, fittings, and valves shall be
securely closed so that no water, earth, or other substance will enter the pipes,
fittings, or valves. Pipe ends left for future connections shall be valved, plugged,
or capped, and anchored as required.

6. All piping shall be erected to accurate lines and grades with no abrupt changes in
line or grade.

7. The full length of each section of pipe shall rest solidly upon the bed of the trench,
with recesses excavated to accommodate bells, couplings, joints, and fittings.
Before joints are made, each pipe shall be well bedded on a solid foundation. No
pipe shall be brought into position until the preceding length has been thoroughly
bedded and secured in place. Pipe that has the grade or joint disturbed after laying
shall be taken up and relaid by the Contractor at his own expense.

8. The laying of reinforced concrete pipe shall conform to the applicable sections of
the Concrete Pipe Handbook as published by the American Concrete Pipe
Association.
END OF SECTION
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SECTION 02776

GEOSYNTHETIC CLAY LINER (GCL)

Geosynthetic Clay Liner (GCL): The GCL is used as a secondary hydraulic barrier beneath
the LLDPE Geomembrane.

A. DESCRIPTION

1. General;
The Contractor shall furnish all labor, material, and equipment to complete
installation of GCL in accordance with the Contract Drawings and these
Specifications.

2. Related Work:

Related Contract Work is described in the following sections of the

Specifications:
Work Section
Embankment 02223
Drainage Geocomposite 02712
LLDPE Geomembrane 02775
CQA Manual Attached
3, Reference Standards:

The latest revision of the following standards of the American Society of Testing
and Materials (ASTM) are hereby made a part of these specifications.

ASTM D 5887 Standard Test Method for Measurement of Index Flux
Through Saturated Geosynthetic Clay Liner Specimens
Using a Flexible Wall Permeameter.

ASTM D 5890 Standard Test Method for Swell Index of Clay Mineral
Component of Geosynthetic Clay Liners.

ASTM D 5891 Standard Test Method for Fluid Loss of Clay Component of
Geosynthetic Clay Liners.
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ASTM D 5993 Standard Test Method for Measuring Mass per Unit of
Geosynthetic Clay Liners,

ASTM D 6243 Standard Test Method for Determining the Internal and
Interface Shear Resistance of Geosynthetic Clay Liner by
the Direct Shear Method.

ASTM D 6496 Standard Test Method for Determining Average Bonding

Peel Strength Between the Top and Bottom Layers of
Needle-Punched Geosynthetic Clay Liners.

ASTM D 6768 Standard Test Method for Tensile Strength of Geosynthetic
Clay Liners.

4, Quality Control:

The Contractor shall perform Quality Control tests in accordance with Table 3 of
this section.

5, Quality Assurance:

Quality Assurance during installation of GCL will be provided by the Owner as
described in the accompanying Project CQA Manual.

6. Manufacturer Qualifications:

The GCL shall be furnished by a Manufacturer that has previously produced a
minimum of 10,000,000 square feet of the material for use in similar projects.

7. Installer Qualifications:

The GCL Installer shall have installed a minimum of 500,000 square feet of GCL
in the past two (2) years in similar landfill installations.

8. Warranties:
a. General: Should a defect occur, which is covered under warranty, the
Warrantor shall bear all costs for repair and/or relocation and replacement
of the GCL.

b. Workmanship: The Contractor shall furnish the Owner a warranty from
the GCL Installer which warrants their workmanship to be free of defects
on a prorata basis for five (5) years after the final acceptance of the Work.
This warranty shall include but not be limited to overlapped seams, anchor
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trenches, attachments to appurtenances, and penetration seals, as
applicable.

c. Manufacturer's Warranty: The Contractor shall furnish the Owner a
warranty from the GCL Manufacturer for the materials used. The material
warranty shall be for defects or failures related to manufacture on a prorata
basis for five (5) years after date of shipment.

B. MATERIALS
1. General:

The GCL shall consist of bentonite encased, top and bottom, with 6 oz./square
yard non-woven geotextiles needle-punched together for reinforcement. GCL
with a lighter non-woven geotextile on one side may be considered by the
Engineer as long as all other criteria are met. Needle-punched GCL shall be
essentially free of broken needles and fragments of needles that would negatively
effect the performance of the final product. The materials supplied under these
Specifications shall be first quality products designed and manufactured
specifically for the purposes of this work.

The GCL shall be supplied in rolls which have a minimum width of 14 feet. The
roll length shall be maximized to provide the largest manageable sheet for the
fewest overlaps. Labels on the roll shall identify the length, width, lot and roll
numbers, name of Manufacturer, proper direction of unrolling, and minimum
recommended overlap.

2. Needle Detection and Removal Procedures:

The GCL Manufacturer shall use continuous needle detection and removal
devices (e.g. metal detectors and magnets) in the manufacture of needle-punched
GCL.

3, Physical Properties:

Physical properties of GCL shall be as shown in Table 1 of this section.

C. SUBMITTALS

The Contractor shall submit the following to the CQA Engineer:

1. Pre-Installation Reguirements:

Prior to GCL installation, the Contractor shall submit the following:
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a. Mill Certificate and Sample: Prior to shipping to the site, the Contractor
shall submit a mill certificate or affidavit signed by a legally authorized
official of the Manufacturer for the GCL attesting that the GCL meets the
physical and manufacturing requirements stated in these Specifications
including needle detection and removal procedures. The Contractor shall
also submit a sample of the GCL to be used. The sample shall be labeled
with the product name and be accompanied by the Manufacturer's
specifications.

b. Qualifications:

(1) Submit list of equipment and personnel proposed for the Project.
Include equipment type and quantities. Include personnel
experience on similar projects.

2) Submit resume and references of Installation Supervisor to be
assigned to the Project, including data and duration of employment
and pertinent experience information.

c. Shipping, Handling, and Storage Instructions: The Manufacturer's
recommendations for shipping, handling, and storage shall be submitted

for review.

d. Delivery Date: Submit notification of the scheduled delivery date for the
materials.

€. Installation Procedures and Drawings:

Submit installation procedures and (shop) drawings for carrying out the
work. Procedures addressed by the Contractor shall include but not be
limited to material installation, repair, and protection to be provided in the
event of rain. Submit drawings showing typical details including pipe
penetrations (if applicable). Following review, these procedures and
drawings will be used for installation of the GCL. Any deviations from
these procedures and drawings must be approved by the Engineer and
CQA Engineer.

f. Quality Control Certificates: For GCL delivered to the site, quality control
certificates, signed by the Manufacturer's quality assurance manager shall
be provided which represent every roll of GCL. Each certificate shall have
the roll identification number(s), test methods, frequency, and test results.
At a minimum, the test results and frequency of testing shall be as shown
in Table 2 of this section. Each certificate shall also include a certification
that each roll of GCL has been continually checked by the Manufacturer
for needles and that any needles detected have been removed.

Johnston County C&D Landfill - Area 2 Specifications
October 2005 GCL Page 02776-4



2.

Contractor Quality Control Test Results: The Contractor shall provide the
results of required testing.

Furnish copies of the delivery tickets or other approved receipts as
evidence for materials received that will be incorporated into the
construction.

Post-Installation Requirements:

Upon completion of GCL installation the Contractor shall submit the following:

A certificate stating that the GCL has been installed in accordance with the
Drawings, Specifications, and the Manufacturer's recommendations.

Completed Manufacturer's and Workmanship Warranties.

Finalization of payment for GCL installation shall not be made until the above submittals
have been reviewed by the CQA Engineer.

CONSTRUCTION

1.

Shipping . Handling, and Storage:

The GCL shall be shipped, handled, and stored in strict accordance with the
Manufacturer's recommendations.

Failing COA Material Control Tests:

GCL that is rejected upon testing shall be removed from the project site and
replaced at Contractor's cost. Sampling and CQA testing of GCL supplied as
replacement for rejected material shall be performed by the CQA Engineer at
Contractor's cost.

Installation of GCL.:

The surface receiving the GCL shall be prepared to a relatively smooth
condition, free of obstructions, standing water, excessive depressions,
debris, and very soft, excessively wet, and/or loose pockets of soil. This
surface shall be approved by the CQA Engineer prior to GCL placement.

GCL shall be placed to the lines and grades shown on the Contract
Drawings. At the time of installation, GCL shall be rejected by the CQA
Engineer if it has defects, rips, holes, flaws, evidence of deterioration, or
other damage.
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C. The GCL shall not be placed during precipitation. Any material that
becomes hydrated shall be removed and replaced at Contractor expense.

d. The GCL shall be placed smooth and free of excessive wrinkles.

€. Where horizontal seams are required on sloped surfaces, the panels shall
be placed such that the "upstream" panel forms the upper panel and
overlaps the "downstream" panel in order to minimize infiltration
potential. All seams constructed on slopes > 6H:1V shall be vertical
seams, except where slope lengths exceed standard roll lengths and
elsewhere as approved in advance by the Engineer.

f. All vertical panels placed on slopes > 6H:1V shall extend a minimum of 5
feet beyond the grade break with a slope < 6H:1V.

g. The GCL shall be laid with a 6 inch minimum overlap seam along roll
edges and a 12 inch minimum overlap seam along roll ends. Granular
sodium bentonite shall be added between all overlapped seams at a rate of
approximately 0.25 lbs/linear foot. As an alternative to the addition of
bentonite along roll edges, GCL with slits cut in one of the geotextiles may
be used if approved in advance by the Engineer.

h. GCL shall be temporarily secured in a manner approved by the CQA
Engineer prior to placement of overlying materials.

1. Any GCL that is torn, punctured, or otherwise damaged shall be repaired
or replaced as directed by the CQA Engineer, by the Contractor at no
additional cost to the Owner. The repair shall consist of a patch of GCL
placed over the damaged areas and shall overlap the existing GCL a
minimum of 12 inches from any point of the damage.

J- GCL shall be covered with the overlying LLDPE Geomembrane or
otherwise protected from hydration due to rainfall (i.e. temporary tarps,
scrap geomembrane, etc.) within 24 hours of GCL placement, or sooner if
rain is imminent.

k. Penetrations: All penetrations of GCL shall be made in accordance with
the Contract Drawings and/or as directed by the Engineer.

4, Cover Placement;

Placement of materials over GCL shall be performed in a manner as to ensure that
GCL and the underlying geosynthetics are not damaged; minimal slippage of GCL
on the underlying geosynthetics occurs; no excess tensile stresses occur in the
GCL; and that no portion of the GCL develops excessive wrinkles or crimp.
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Wrinkles that exceed approximately 6 inches in height and cannot be eliminated
by amended placement and covering methods or GCL that becomes crimped shall
be cut and repaired by the Geosynthetics Installer in a method approved by the

Engineer.

TABLE 1: REQUIRED GCL PROPERTIES
PROPERTY TEST UNITS VALUE
METHOD
Clay:
Bentonite Swell Index ASTM D 5890 ml/2g 24
Bentonite Fluid Loss ASTM D 5891 ml <18
GCL:
Bentonite Content ASTM D 5993 pst 0.75
(@ 0% moisture)
Tensile Strength ASTM D 6768 Ibs/in 40
Peel Strength' ASTM D 6496 Ibs/in 7.5 Typ.
2.5 Min.
Hydraulic Conductivity ASTM D 5887 cm/sec <5x10°
Internal Shear Strength? ASTM D 6243 psf 500
(Hydrated) (Peak)
Interface Shear Strength ASTM D 6243 psf 125 pst (Load = 200 psf)
(Hydrated) (Peak)’ 1,000 psf (2,500 psf)
2,000 psf (5,000 psf)
4,000 psf (10,000 psf)
Notes:
1. Based on a 4 inch wide sample/4 inch grip width.
2. Peak value measured at a normal load of 200 psf after a minimum 24 hour
hydration period.
3. GCL shall have adequate adhesion against adjacent materials under low normal

loads to achieve the successful installation of overlying components without

slippage.
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TABLE 2: REQUIRED MANUFACTURER QUALITY CONTROL TESTS

PROPERTY TEST MINIMUM TEST
METHOD FREQUENCY

Clay:
Bentonite Swell Index ASTM D 5890 50 tons
Bentonite Fluid Loss ASTM D 5891 50 tons
GCL:
Bentonite Content ASTM D 5993 5,000 yd?
Tensile Strength ASTM D 6768 25,000 yd?
Peel Strength' ASTM D 6496 5,000 yd*
Hydraulic Conductivity ASTM D 5887 30,000 yd*
Minimum Shear Strength? ASTM D 6243 Periodic
(Hydrated)

Notes:

1. Conduct peel strength tests in accordance with the criteria given in Table 1.

2. Conduct shear strength tests in accordance with the criteria given in Table 1.

TABLE 3: REQUIRED CONTRACTOR QUALITY CONTROL TESTS

PROPERTY TEST MINIMUM TEST
METHOD FREQUENCY
Interface Shear Strength ASTM D 6243 (See Note 1)
Notes:
1. Test each interface to be used on this project using representative samples of

materials to be supplied under normal loads indicated and using test parameters as
specified by the Engineer. For this project, interfaces to be tested are:
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Base Liner - Type 1;

A. Textured LLDPE-GM (40 mil) against Compacted Soil Liner;
B. Drainage Geocomposite against textured LLDPE-GM (40 mil); and
C. Protective Cover against Drainage Geocomposite.

Base Liner - Type 2;

Geosynthetic Clay Liner against Subgrade;

Textured LLDPE-GM (40 mil) against Geosynthetic Clay Liner;
Drainage Geocomposite against textured LLDPE-GM (40 mil); and
Protective Cover against Drainage Geocomposite.

oOowy

If there are material differences in the surface of any of the geosynthetic materials
from one side to the other, then all possible combinations of interfaces shall be
tested. This testing shall be performed at Contractor cost by an independent GAI
accredited laboratory and submitted to the Engineer for review prior to shipping.
Upon review of test results, the Engineer may allow exceptions to the above
criteria.

For tests involving textured geomembranes, the laboratory shall also report the
asperity height (GRI GM12) for the material samples used in the actual direct
shear tests.

END OF SECTION
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SECTION 02778

LLDPE GEOMEMBRANE

LLDPE Geomembrane (LLDPE-GM): The LLDPE Geomembrane serves as the primary

hydraulic barrier in the landfill base liner system and in the final cover. It is of great
importance that the LLDPE-GM be free from defects and installed free from damage.

A. DESCRIPTION

1.

General:

The Contractor shall furnish all labor, material, and equipment to complete
installation of LLDPE-GM including all necessary and incidental items as detailed
or required to complete the installation in accordance with the Contract Drawings
and these Specifications.

Related Work:

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

Work Section

Compacted Soil Liner 02251
Vegetative Soil Layer 02258
Drainage Geocomposite 02712
Geosynthetic Clay Liner 02776
CQA Manual Attached

Reference Standards:

The latest revision of the following standards of the American Society of Testing
and Materials (ASTM) and the Geosynthetic Research Institute (GRI) are hereby
made a part of these Specifications.

ASTM D 792 Standard Test Method for Density and Specific Gravity
(Relative Density) of Plastics by Displacement.

ASTM D 1004 Standard Test Method for Initial Tear Resistance of Plastic
Film and Sheeting.

ASTM D 1505 Standard Test Method for Density of Plastics by the
Density-Gradient Technique.
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ASTM D 1603

Standard Test Method for Carbon Black in Olefin Plastics.

ASTM D 5199 Standard Test Method for Measuring Nominal Thickness of
Geotextiles and Geomembranes.

ASTM D 5321 Standard Test Method for Determining the Coefficient of
Soil and Geosynthetic or Geosynthetic and Geosynthetic
Friction by the Direct Shear Method.

ASTM D 5596 Standard Test Method for Microscopic Evaluation of the
Dispersion of Carbon Black in Polyolefin Geosynthetics.

ASTM D 5820 Standard Practice for Pressurized Air Channel Evaluation
of Dual Seamed Geomembranes.

ASTM D 5994 Standard Test Method for Measuring Core Thickness of
Textured Geomembrane.

ASTM D 6243 Standard Test Method for Determining the Internal and
Interface Shear Resistance of Geosynthetic Clay Liner by
the Direct Shear Method.

ASTM D 6392 Standard Test Method for Determining the Integrity of
Nonreinforced Geomembrane Seams Produced Using
Thermo-Fusion Methods.

ASTM D 6693 Standard Test Method for Determining Tensile Properties
of Nonreinforced Flexible Polyethylene and Nonreinforced
Polypropylene Geomembranes.

GRIGM9 Cold Weather Seaming of Geomembranes.

GRI GM12 Asperity Measurement of Textured Geomembranes Using a
Depth Gage.

GRIGM17 Standard Specification for Test Properties, Testing
Frequency and Recommended Warranty for Linear Low
Density Polyethylene (LLDPE) Smooth and Textured
Geomembranes.

4, Quality Control:
a. The Contractor shall perform Quality Control tests in accordance with

Table 2 of this section.
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b. The Geomembrane Installer shall follow the procedures and requirements
described in the accompanying Project CQA Manual during installation of
LLDPE-GM including performing and documenting trial seams,
nondestructive and destructive Quality Control tests, and repairs.

5. Quality Assurance:
Quality Assurance during installation of LLDPE-GM will be provided by the
Owner as described in the accompanying Project CQA Manual.

6. Manufacturers Qualifications:

The Manufacturer shall have previously demonstrated his ability to produce the

required LLDPE-GM by having successfully manufactured a minimum of

5,000,000 ft* of LLDPE-GM for hydraulic containment purposes.

7. Installer Qualifications:

a. Installation of the LLDPE-GM shall be performed by an Installer that has
installed a minimum of 5,000,000 ft* of LLDPE-GM (or similar material)
within the past five (5) years in similar landfill installations.

b. All Installation Supervisors assigned to the Project shall have previously
managed the installation of at least 2,000,000 ft* of LLDPE-GM (or
similar material) using the same techniques to be used on site.

C. All welding machine operators shall have shown proven performance on
previous LLDPE-GM installations. All welding machine operators shall
perform a demonstration of their welding technique and a test of the welds
which they have performed prior to any welding on the project.

8. Warranties:

a. General: Should a defect occur, which is covered under warranty, the
Warrantor shall bear all costs for repair and/or relocation and replacement
of the LLDPE-GM.

b. Workmanship: The Contractor shall furnish the Owner a warranty from
the Installer of the LLDPE-GM which warrants their workmanship to be
free of defects on a prorata basis for five (5) years after the final
acceptance of the Work. This warranty shall include but not be limited to
all field-welded seams, anchor trenches, attachments to appurtenances, and
penetration seals, as applicable.
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C. Manufacturer's Warranty: The Contractor shall furnish the Owner a
warranty from the LLDPE-GM Manufacturer for the materials used. The
material warranty shall be for defects or failures related to manufacture on
a prorata basis for five (5) years after the date of shipment,

B. MATERIALS

1.

General:

The materials supplied under these Specifications shall consist of new, first-
quality products designed and manufactured specifically for the purpose of this
work, which shall have been satisfactorily demonstrated, by prior use, to be
suitable and durable for such purposes. The LLDPE-GM and LLDPE-GM
Manufacturer shall be approved by the Engineer.

The LLDPE-GM shall be supplied in rolls which shall have a minimum width of
22 feet. The roll length shall be maximized to provide the largest manageable
sheet for the fewest seams. Labels on the roll shall identify the thickness, length,
width, lot and roll numbers, and name of Manufacturer.

LLDPE-GM Materials:

a. Textured LLDPE-GM shall be 40 mils thick for the base liner system and
30 mils thick for the final cover system. Resin and sheet properties of
LLDPE-GM shall meet or exceed the requirements of GRI GM17 and
Table 1 of this section.

b. Materials classified as Very Flexible Polyethylene (VFPE) which
otherwise meet the requirements of this section are also acceptable.

Extrusion Resin/Typical Extrudate:

Extrusion resin/typical extrudate used for extrusion welding of LLDPE-GM shall
be linear low density polyethylene (LLDPE). Physical properties shall be the
same as the LLDPE-GM sheet. The extrudate's additives shall be thoroughly
dispersed throughout the rod or bead. The extrudate shall be free of
contamination by moisture or foreign matter and shall be recommended for use
with the associated sheet material.

Texturing:

Textured LLDPE-GM, where required, shall be fabricated using coextrusion or
impingement methods and not by lamination or embossing methods. Texturing
applied to LLDPE-GM using impingement methods shall be bonded securely to
the parent LLDPE-GM. All texturing shall be uniform in appearance and
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coverage on the finished sheet. Textured LLDPE-GM shall be textured on both
sides of the sheet.

C. SUBMITTALS

The Contractor shall submit the following to the CQA Engineer:

1.

Pre-Installation Requirements:

Prior to LLDPE-GM installation, the Contractor shall submit the following:

a.

Mill Certificate and Sample: Prior to shipping to the site, the Contractor
shall submit a mill certificate or affidavit signed by a legally authorized
official of the Manufacturer for the LLDPE-GM attesting that the LLDPE-
GM meets the physical and manufacturing requirements stated in these
Specifications. The Contractor shall also submit a sample of the LLDPE-
GM to be used. The sample shall be labeled with the product name and be
accompanied by the Manufacturer's specifications.

Qualifications:

(1) Submit list of equipment and personnel proposed for the Project.
Include equipment type and quantities. Include personnel
experience on similar projects.

(2) Submit resume and references of Installation Supervisor to be
assigned to the Project, including data and duration of employment
and pertinent experience information.

3) Submit resumes and references of installation welders who will
perform seaming operations, including dates and durations of
employment and pertinent experience information,

Shipping, Handling, and Storage Instructions: The Manufacturer's plan for
shipping, handling, and storage shall be submitted for review.

Delivery Date: Submit notification of the scheduled delivery dates for the
materials.

Installation Procedures and Drawings:

Submit installation procedures and (shop) drawings for carrying out the
work.
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() Installation procedures to be addressed shall include but not be
limited to material installation, repair, and protection to be
provided in the event of rain or strong winds.

2) Shop drawings shall have LLDPE-GM sheet layout with proposed
size, number, position, and sequence of placing all panels, and
indicating the location of all field seams. Shop drawings shall also
show complete details and/or methods for anchoring the LLDPE-
GM, making field seams, and making seals around pipes and
structures penetrating the LLDPE-GM (if applicable).

Following review, these procedures and drawings will be used for
installation of the LLDPE-GM. Any deviations from these procedures and
drawings must be approved by the Engineer and CQA Engineer.

f. Quality Control Certificates: For LLDPE-GM delivered to the site, quality
control certificates, signed by the Manufacturer's quality assurance
manager shall be provided which represent every roll of LLDPE-GM.
Each certificate shall have the roll identification number(s), test methods,
frequency, and test results. At a minimum, the test results and frequency
of testing shall meet or exceed the requirements of GRI GM17.

g Contractor Quality Control Test Results: The Contractor shall provide the
results of required testing.

h. Furnish copies of the delivery tickets or other approved receipts as
evidence for materials received that will be incorporated into the
construction.

2. Post-Installation Requirements:

Upon completion of the LLDPE-GM installation, the Contractor shall submit the

following;:

a. Certificate stating that the LLDPE-GM has been installed in accordance
with the Drawings, Specifications, and the Manufacturer's
recommendations.

b. Completed Manufacturer's and workmanship warranties.

c. Record Information: Record information shall include but not be limited
to:
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(1 CQC Documentation: Includes trial weld logs, panel placement
logs, panel seaming logs, non-destructive seam testing report
forms, field destructive seam testing report forms, and repair logs.

(2) As-Built Drawing: Includes the requirements listed in Paragraph
D.8 (Surveying) of this Specification.

Finalization of payment for LLDPE-GM installation shall not be made until the above
submittals have been reviewed by the CQA Engineer.

D. CONSTRUCTION

I, Shipping. Handling, and Storage:

The LLDPE-GM shall be shipped, handled, and stored in strict accordance with
the Manufacturer's recommendations.

2. Failing COA Material Control Tests:

LLDPE-GM that is rejected upon testing shall be removed from the project site
and replaced at Contractor's cost. Sampling and CQA testing of LLDPE-GM
supplied as replacement for rejected material shall be performed by the CQA
Engineer at Contractor's cost.

3. Subgrade Preparation;

a. The surface of the subgrade shall be smooth, uniform, free from sudden
changes in grade (such as vehicular ruts), rocks or stones greater than %
inch in size, debris, and deleterious materials. During actual placing and
seaming of the LLDPE-GM, the subgrade shall be kept free of all standing
water. If the subgrade below the LLDPE-GM becomes excessively wet
and unstable as determined by the CQA Engineer, it shall be dried and
recompacted, and replaced if needed.

b. Before an individual panel of LLDPE-GM is installed; the Contractor and
Installer shall verify in writing and submit to the CQA Engineer:

(D Lines and grades are in conformance with the Drawings and
Specifications.

2) The surface area to be lined has been rolled and compacted, free of
irregularities and abrupt changes in grade.

C. The Contractor shall not proceed with LLDPE-GM installation until a
complete report on all Compacted Soil Liner or GCL (as required) CQA
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testing has been submitted and approved by the CQA Engineer. If the
Contractor proceeds with LLDPE-GM installation prior to completion of
these tests, the Contractor will do so at his own risk. If any tests fail, the
Contractor will be required to remove LLDPE-GM and reconstruct the
underlying materials to specification requirements. All costs associated
with such actions (including the costs of additional testing) will be paid for
entirely by the Contractor.

4. LLDPE-GM Placement:

a. Weather Conditions:

LLDPE-GM placement shall not proceed at an ambient temperature below
32" F or above 100" F unless otherwise authorized, in writing, by the
Engineer. Installation of LLDPE-GM at temperatures below 32" F, if
authorized by the Engineer, shall follow GRI GM9. LLDPE-GM
placement shall not be performed during precipitation, excessive moisture,
in an area of ponded water, or in excessive winds. Any portion of LLDPE-
GM or subgrade damaged due to weather conditions shall be repaired at
the Contractor's cost.

b. Method of Placement:

(1) Each panel of the LLDPE-GM shall be installed in accordance with
the approved shop drawings prepared by the Contractor. The
layout shall be designed to keep field seaming of the LLDPE-GM
to a minimum and consistent with proper methods of LLDPE-GM
installation.

(2)  Panels shall be oriented perpendicular to the line of the slope crest
(i.e., down and not across slope).

3) The LLDPE-GM shall be placed smooth and free of excessive
wrinkles.

“) LLDPE-GM rolls shall be placed using proper spreader and rolling
bars with cloth slings. If a sheet must be displaced a distance
greater than its width, a slip sheet shall be used.

(5)  The CQA Engineer shall inspect each panel, after placement and
prior to seaming, for damage and/or defects. Defective or damaged
panels shall be replaced or repaired, as approved by the CQA
Engineer and as described in this section.
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(6) The Installer shall avoid dragging the LLDPE-GM on rough soil
subgrades.

(N All LLDPE-GM shall be anchored as shown on the Contract
Drawings and consistent with Manufacturer's recommendations.

(8) Personnel working on the LLDPE-GM shall not smoke, wear
damaging shoes, or involve themselves in any activity that may
damage the LLDPE-GM, in the opinion of the CQA Engineer.

9) The LLDPE-GM shall be properly weighted to avoid uplift due to
wind.

(10)  Vehicular traffic across the LLDPE-GM shall not be allowed,
except that four-wheel (or greater) all-terrain vehicles (ATVs) with
low ground pressure may be allowed if approved in advance by the
Engineer. The Contractor shall submit proposed equipment and
procedures for use of ATVs to the CQA Engineer as part of his
submittals. If ATVs are allowed by the Engineer, each ATV will
be operated such that no sudden stops, starts, or turns are made.

(11)  All damage shall be recorded and located on the record drawings.
(12)  The LLDPE-GM shall be kept free of debris, unnecessary tools,
and materials. In general, the LLDPE-GM area shall remain neat

in appearance.

c. Pipe Penetrations:

All pipe penetrations through the LLDPE-GM shall be as shown in the
Contract Drawings. Alternative penetration details may be approved by
the Engineer and CQA Engineer.

5. Field Seams:

a. Individual panels of LLDPE-GM shall be laid out and overlapped by a
minimum of 4 inches prior to welding. The area to be welded shall be
cleaned and prepared in accordance with the Manufacturer's
recommendations.

b. Single or double track hot wedge fusion welds shall be used for straight
seams.
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c. Extrusion welds shall be used for cross seam tees, patches, repairs, and
penetration boots. To limit overgrinding, the amount of grinding exposed
after an extrusion seam is completed should be less than Y% inch.

d. The welding equipment used shall be capable of continuously monitoring
and controlling the temperatures in the zone of contact where the machine
is actually fusing the LLDPE-GM so as to ensure that changes in
environmental conditions will not affect the integrity of the weld.

e. All seams shall have a seam number that corresponds with the panel layout
numbers. The numbering system shall be used in the development of the
record drawings. Seam numbers shall be derived from the combination of
the two panel numbers that are to be welded together.

f. All fusion welded "T" seams (i.e., the result of panels placed perpendicular
to each other) shall be double welded where possible. The extrusion
process shall be used for the second weld.

g. All extrudate shall be free of dirt, dry, and protected from damage.

h. If an extrusion welder is stopped for longer than one minute, it shall be
purged to remove heat-degraded extrudate. All purged extrudate shall be
placed on a sacrificial sheet and disposed of.

1. Where horizontal seams are required on sloped surfaces, the panels shall
be placed such that the "upstream" panel forms the upper panel and
overlaps the "downstream" panel in order to minimize infiltration
potential. All seams constructed on slopes > 6H:1V shall be vertical
seams, except where slope lengths exceed standard roll lengths and
elsewhere as approved in advance by the Engineer.

je All vertical panels placed on slopes > 6H:1V shall extend a minimum of 5
feet beyond the grade break with a slope < 6H:1V.

k. All end seams shall be staggered a minimum of 5 feet in length between
contiguous panels.

1. To prevent moisture buildup during fusion welding, it may be necessary to
place a movable protective layer of plastic directly below each overlap of
LLDPE-GM that is to be seamed.

m. If required, a firm substrate shall be provided by using a flat board or
similar hard surface directly under the seam overlap to achieve proper
support.
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n. All seams shall extend to the full extent of the anchor trench.

0. All seams (including repairs) shall meet seam strength requirements
specified in Table 3 of this section.

p. No overlying material shall be placed over the LLDPE-GM until approved
by the CQA Engineer.

6. Anchor Trench;

a. The anchor trench shall be constructed as shown on the Contract Drawings
and as specified herein. The anchor trench shall be maintained by the
Contractor.

b. Slightly rounded corners shall be provided in the trench to avoid sharp

bends in the LLDPE-GM.

C. The anchor trench shall be adequately drained to prevent water ponding
and softening to adjacent soils. The anchor trench shall be backfilled with

controlled fill material and compacted to 90% standard Proctor dry density
(ASTM D 698).

d. If the anchor trench is located in a clay susceptible to desiccation, the
amount of trench open at any time shall be limited to one day of LLDPE-

GM installation capacity.

7. Repair Proced_ures:

a. Any portion of the LLDPE-GM exhibiting signs of defect or failing a
nondestructive or a destructive test, shall be repaired by the Geomembrane
Installer. Several procedures exist for the repair of these areas. The final
decision as to the appropriate repair procedure shall be made by the CQA
Engineer. The procedures available include:

(1) Patching - Apply a new piece of LLDPE-GM sheet over, and at
least 6-inches beyond the limits of a defect. The patch shall be
extrusion seamed to the underlying LLDPE-GM. This method
should be used to repair holes, tears, destructive test locations,
undispersed raw materials, contamination by foreign matter, dents,
pinholes, and pressure test holes.

2) Capping - Apply a new strip of LLDPE-GM along the length of a
delineated faulty seam. The cap strip shall extend at least 6-inches
beyond the limit of the seam and the edges will be extrusion
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seamed to the underlying LLDPE-GM. This method should be
used to repair lengths of extrusion or fusion seams.

(3) Replacement - The faulty seam is removed and replaced.
b. In addition, the following provisions shall be satisfied:

@) Surfaces of the LLDPE-GM which are to be repaired will be
abraded no more than one hour prior to the repair;

(2) All surfaces must be clean and dry at the time of the repair;

(3)  All seaming equipment used in repairing procedures must be
approved,;

@) The repair procedures, materials, and techniques will be approved
in advance of the specific repair by the CQA Engineer;

6)) Extrusion welding of flaps of double track hot wedge fusion
welded seams is not acceptable. A patch or cap strip shall be used;
and

(6) Patches or caps will extend at least 6-inches beyond the edge of the

8. Surveying:

defect, and all patch corners will be rounded.

a. After completion of a segment of LLDPE-GM, the Contractor shall survey
LLDPE-GM to obtain the following information:

¢)) Location and numbering of all panels/seams.
2) Location of all repairs/patches;
3) Location of all destructive test locations; and
(4)  Location of all pipe penetrations and other appurtenances (if
applicable).
b. No overlying materials shall be placed before survey information is
obtained.

c. The Contractor shall provide the CQA Engineer with updated survey
information when requested by the CQA Engineer to verify that the
required information is being obtained.
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9, Cover Placement;

Placement of materials over LLDPE-GM shall be performed in a manner as to
ensure that LLDPE-GM and the underlying geosynthetics are not damaged,
minimal slippage of LLDPE-GM on the underlying geosynthetics occurs; no
excess tensile stresses occur in the LLDPE-GM; and that no portion of the
LLDPE-GM develops excessive wrinkles or crimp. Wrinkles that exceed
approximately 6 inches in height and cannot be eliminated by amended placement
and covering methods or LLDPE-GM that becomes crimped shall be cut and
repaired by the Geosynthetics Installer in a method approved by the Engineer.

TABLE 1: REQUIRED LLDPE-GM PROPERTIES
PROPERTY TEST METHOD UNITS VALUE
30 mil 40 mil
Textured Textured
(Final Cover) | (Base Liner)
Interface Shear Strength ASTM D 5321 pst Base Liner:
(Peak)"? ASTM D 6243 (GCL) 125 psf (200 psf)
1,000 psf (2,500 psf)
2,000 pst (5,000 psf)
4,000 pst (10,000 pst)
Final Cover:
70 psf (100 psf)
125 psf (200 psf)
250 psf (400 pst)
Notes:
1. Textured LLDPE-GM shall have adequate adhesion against adjacent materials

under low normal loads to achieve the successful installation of overlying
components without slippage.
2. Note that the required values for textured LLDPE-GM may require an
aggressively textured sheet.
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TABLE 2:

REQUIRED CONTRACTOR QUALITY CONTROL TESTS

PROPERTY TEST METHOD MINIMUM TEST
FREQUENCY
Interface Shear Strength ASTM D 5321 (See Note 1)
ASTM D 6243 (GCL)

Notes:

Test each interface to be used on this project using representative samples of
materials to be supplied under normal loads indicated and using test parameters as
specified by the Engineer. For this project, interfaces to be tested are:

Base Liner - Type 1:

A. Textured LLDPE-GM (40 mil) against Compacted Soil Liner;
B. Drainage Geocomposite against textured LLDPE-GM (40 mil); and
C. Protective Cover against Drainage Geocomposite.

Base Liner - Type 2:

A. Geosynthetic Clay Liner against Subgrade;

B. Textured LLDPE-GM (40 mil) against Geosynthetic Clay Liner;

C. Drainage Geocomposite against textured LLDPE-GM (40 mil); and
D. Protective Cover against Drainage Geocomposite.

Final Cover;

A. Textured LLDPE-GM (30 mil) against existing cover soils (intermediate

cover);
B. Drainage Geocomposite against textured LLDPE-GM (30 mil); and
C. Vegetative Soil Layer against Drainage Geocomposite,

If there are material differences in the surface of any of the geosynthetic materials
from one side to the other, then all possible combinations of interfaces shall be
tested. This testing shall be performed at Contractor cost by an independent GAI
accredited laboratory and submitted to the Engineer for review prior to shipping.
Upon review of test results, the Engineer may allow exceptions to the above
criteria.
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For tests involving textured geomembranes, the laboratory shall also report the
asperity height (GRI GM12) for the material samples used in the actual direct

shear tests.

TABLE 3: REQUIRED SEAM STRENGTH PROPERTIES

PROPERTY TEST
METHOD MINIMUM VALUE
30 mil 40 mil
Bonded Shear Strength ASTM D 6392 40 Ib/inch and FTB' | 56 Ib/inch and FTB!

Seam Peel Adhesion ASTM D 6392 36 Ib/inch and FTB' | 48 Ib/inch and FTB!
Notes:
1. FTB = Film-Tear-Bond = Tearing in the membrane itself before ply separation of
the seam.

END OF SECTION
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SECTION 02782

GEOSYNTHETIC RAIN COVER

Geosynthetic Rain Cover (GRC): The Geosynthetic Rain Cover serves to minimize
infiltration of precipitation within inactive portions of the landfill into the underlying leachate
collection system. It is of great importance that the GRC be free from defects and installed
free from damage.

A. DESCRIPTION

L. General:
The Contractor shall furnish all labor, material, and equipment to install GRC
including all necessary and incidental items as detailed or required to complete the
installation in accordance with the Contract Drawings and these Specifications.

2. Related Work:

Related Contract Work is described in the following sections of the

Specifications:
Work Section
Protective Cover 02256
Drainage Aggregate (Leachate Management) 02710
CQA Manual Attached
3. Reference Standards:

The latest revision of the following standards of the American Society of Testing
and Materials (ASTM) are hereby made a part of these Specifications.

ASTM D 638 Standard Test Method for Tensile Properties of Plastics.
ASTM D 751 Standard Test Methods for Coated Fabrics.
ASTM D 792 Standard Test Method for Density and Specific Gravity
(Relative Density) of Plastics by Displacement.
ASTM D 1004 Standard Test Method for Initial Tear Resistance of Plastic
Film and Sheeting.
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ASTM D 1505

ASTM D 1603

ASTM D 4833

ASTM D 5199

ASTM D 5397

ASTM D 5596

ASTM G 154

Quality Assurance:

Standard Test Method for Density of Plastics by the
Density-Gradient Technique.

Standard Test Method for Carbon Black in Olefin Plastics.

Standard Test Method for Index Puncture Resistance of
Geotextiles, Geomembranes, and Related Products

Standard Test Method for Measuring Nominal Thickness of
Geotextiles and Geomembranes.

Standard Test Method for Evaluation of Stress Crack
Resistance of Polyolefin Geomembranes Using Notched
Constant Tensile Load Test.

Standard Test Method for Microscopic Evaluation of the
Dispersion of Carbon Black in Polyolefin Geosynthetics.

Standard Practice for Operating Fluorescent Light
Apparatus for UV Exposure of Nonmetallic Materials.

Quality Assurance during installation of GRC will be provided by the Owner as
described in the accompanying Project CQA Manual.

Manufacturers Qualifications:

The Manufacturer shall have previously demonstrated his ability to produce the
required GRC by having successfully manufactured a minimum of 5,000,000 ft*
of GRC (or similar material) for hydraulic containment purposes.

Installer Qualifications:

The GRC Installer shall have installed a minimum of 500,000 ft* of GRC (or
similar material) in similar landfill installations.

Warranties:

a. General: Should a defect occur, which is covered under warranty, the
Warrantor shall bear all costs for repair and/or relocation and replacement
of the GRC.

b. Material Performance: The Contractor shall furnish the Owner a warranty

from the Installer of the GRC which warrants the material performance on
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a non-prorata basis for one (1) year after the final acceptance of the Work.
This warranty shall include but not be limited to defects related to
workmanship and manufacturing and damage caused by exposure and
wind.

B. MATERIALS
1. General:

The materials supplied under these Specifications shall consist of first-quality
products designed and manufactured specifically for the purpose of this work,
which shall have been satisfactorily demonstrated, by prior use, to be suitable and
durable for such purposes.

The GRC shall be supplied in panels which shall be of maximum size to provide
the largest manageable sheet for the fewest seams. Labels on the panels shall
identify the thickness, length, width, lot and panel numbers, and name of
Manufacturer.

2. GRC Materials:

GRC shall be manufactured to meet the following requirements:

a.  Provide finished product free from holes, pin holes, bubbles, blisters,
excessive gels, undispersed resins and/or carbon black, contamination by
foreign matter, and nicks or cuts on edges.

b. GRC shall be either a high density polyethylene (HDPE) unreinforced
geomembrane, a reinforced geomembrane composed of a polyethylene,
polypropylene, or polyvinyl chloride (PVC) based material, or a woven
coated polyethylene material. GRC shall have the physical properties as
shown in Table 1 of this section

C. GRC shall be impermeable, capable of repelling water with no absorption.

3. Seaming Materials:

Materials used for seaming GRC (if used) shall be as recommended by the
Manufacturer and approved by the Engineer,

4, Ballast System:

In addition to anchoring the edges of the GRC within the Protective Cover (as
shown on the Contract Drawings, or, if not shown, in a 1 foot by 1 foot min.
anchor trench), the Contractor shall place tires (typical auto - off rim) (or other
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ballast as approved by the Owner and Engineer) on top of the GRC on 8§ foot
centers over the entire area covered by the GRC. Ballast shall have sufficient UV
resistance to maintain its integrity over the Contractor’s Performance Warranty
period. The Owner anticipates receiving an adequate supply of used tires on-site
(at convenience center) during the duration of the project which the Contractor
may use as ballast. The Contractor shall coordinate with the Owner to collect and
move these tires as required by the Owner.

For slopes > 5H:1V, the Contractor shall tie bags together with ¥ inch min. nylon
rope on a horizontal and vertical grid with anchors at the top of the slope for the
rope. Anchors shall be 1 inch by 1 inch (actual dimensions) by 2 foot long treated
wood stakes, or approved equal.

C. SUBMITTALS

The Contractor shall submit the following to the CQA Engineer:

1. Pre-Installation Requirements:

Prior to GRC installation the Contractor shall submit the following:

a.

Mill Certificate and Sample: Prior to shipping to the site, the Contractor
shall submit a mill certificate or affidavit signed by a legally authorized
official of the Manufacturer for the GRC attesting that the GRC meets the
physical and manufacturing requirements stated in these Specifications.
The Contractor shall also submit a sample of the GRC to be used. The
sample shall be labeled with the product name and be accompanied by the
Manufacturer's specifications.

Shipping, Handling, and Storage Instructions: The Manufacturer's plan for
shipping, handling, and storage shall be submitted for review.

Installation Procedures:

Submit installation procedures for carrying out the work. Installation
procedures to be addressed shall include but not be limited to material
installation, repair, and protection to be provided in the event of rain or
strong winds. With regard to protection, the Contractor shall provide a
plan of anchoring the GRC sufficient to satisfy the Contractor’s
Performance Warranty. At a minimum, this plan shall meet the criteria
described in Paragraph B.4 above and shall indicate the selected spacing
and weight of the ballast to be used. This plan shall be approved by the
Engineer prior to construction.
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d. Furnish copies of the delivery tickets or other approved receipts as
evidence for materials received that will be incorporated into the
construction.

Post-Installation Requirements:

Upon completion of the GRC installation, the Contractor shall submit the
following:

a. Completed material performance warranty:.

Finalization of payment for GRC installation shall not be made until the above submittals
have been reviewed by the CQA Engineer.

D. CONSTRUCTION

Shipping, Handling, and Storage:

The GRC shall be shipped, handled, and stored in strict accordance with the
Manufacturer's recommendations.

Subgrade Preparation:

The surface of the subgrade shall be smooth, uniform, free from sudden changes
in grade (such as vehicular ruts), rocks or stones greater than %2 inch in maximum
size (except for gravel columns), debris, and deleterious materials. During actual
placing and seaming of the GRC, the subgrade shall be kept free of all standing
water. If the subgrade below the GRC becomes excessively wet and unstable, as
determined by the CQA Engineer it shall be dried and recompacted, and replaced
if needed.

GRC Placement:

a. Weather Conditions:

GRC placement shall not proceed at an ambient temperature below 32" F
or above 100° F unless otherwise authorized, in writing, by the Engineer.
GRC placement shall not be performed during precipitation, excessive
moisture, in an area of ponded water, or in excessive winds. Any portion
of GRC or subgrade damaged due to weather conditions shall be repaired
at the Contractor's cost.
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b. Method of Placement:

(H Each panel of the GRC shall be installed in accordance with the
Manufacturer’s recommendations.

2) The CQA Engineer shall inspect each panel, after placement and
prior to seaming, for damage and/or defects. Defective or damaged
panels shall be replaced or repaired, as approved by the CQA
Engineer and as described in this section.

3) The Installer shall avoid dragging the GRC on rough soil
subgrades.

4) Personnel working on the GRC shall not smoke, wear damaging
shoes, or involve themselves in any activity that may damage the
GRC, in the opinion of the CQA Engineer.

(5) The GRC shall be properly weighted to avoid uplift due to wind.

(6) Vehicular traffic across the GRC shall not be allowed.

(7 The GRC shall be kept free of debris, unnecessary tools, and
materials. In general, the GRC area shall remain neat in
appearance.

c. Pipe Penetrations:

All pipe penetrations through the GRC shall be as shown in the Contract
Drawings. Alternate penetration details may be approved by the Engineer.

4, Field Seams:

a. Field seams shall be made according to the Manufacturer’s
recommendations and may include fusion welding, taping, chemical
fusion, or other methods as appropriate for the selected material and as
approved by the Engineer.

b. Individual panels of GRC shall be laid out and overlapped by a minimum
of 4 inches prior to seaming. The area to be seamed shall be cleaned and
prepared in accordance with the Manufacturer's recommendations.

C. All seams constructed on sloped surfaces shall be vertical seams. Where
horizontal seams are required and no other option is available on sloped
surfaces, the panels shall be placed such that the "upstream" panel forms
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the upper panel and overlaps the "downstream" panel in order to minimize
infiltration potential.

5. Repair Procedures:

a. Any portion of the GRC exhibiting signs of defect shall be repaired.
Several procedures exist for the repair of these areas. The final decision as
to the appropriate repair procedure shall be made by the CQA Engineer.

0. Ballasting:
The Contractor shall add ballasting in accordance with the approved plan.

7. No overlying material shall be placed over the GRC until approved by the CQA
Engineer.
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TABLE 1:

REQUIRED GRC PROPERTIES

PROPERTY TEST METHOD UNITS VALUE®

Unreinforced Geomembranes:

Thickness (Nominal)? ASTM D 5199 mils 20

Density ASTM D 1505/D 792 g/em’ >0.940

Carbon Black Content? ASTM D 1603 % 2.0-3.0

Carbon Black Dispersion® ASTM D 5596 category See Note 3

Tensile Properties: ASTM D 638 Type IV

) . (See Note 4) )

Tensile Strength at Yield Ib/inch >30

Tensile Strength at Break Ib/inch > 60

Elongation at Yield % > 10

Elongation at Break % > 500

Tear Resistance ASTM D 1004 Ibs. >10

Puncture Resistance ASTM D 4833 Ibs. > 36

Stress Crack Resistance ASTM D 5397 (App.) hrs. > 400

Reinforced Geomembranes/Woven Coated Polyethylene Materials:

Thickness (Nominal) ASTM D 5199 mils 12

(Measured Across

Reinforcement)

Grab Tensile Strength ASTM D 751 Proc. A 1bs. >200 MD
>170 CD

(See Note 5)

Mullen Burst ASTM D 751 psi >300

Trapezoidal Tear ASTM D 4533 Ibs. >45MD
>35CD

(See Note 5)
Accelerated Weathering ASTM G 154 % > 95% Strength Retained
(2,000 Hours)
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Notes:

1. The lowest individual thickness of 10 values = -10%.

2. Carbon black content and carbon black dispersion are applicable to black HDPE
sheet only. Where white HDPE is used or where a white HDPE layer is
coextruded with a black HDPE layer, the white HDPE shall be UV stabilized.

3. Carbon black dispersion for 10 different views:

- minimum 8 of 10 in Categories 1 or 2
- all 10 in Categories 1, 2, or 3.

4, Yield elongation calculated with a gauge length of 1.3 inches. Break elongation
calculated with a gauge length of 2.0 inches.

5. MD = Machine Direction; CD = Cross Direction.

0. The Engineer may allow alternates to these requirements.

END OF SECTION
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SECTION 02930

REVEGETATION

Revegetation: Revegetation includes permanent Revegetation of all site areas disturbed by the
Contractor whether inside the Contract Limits or not.

A, DESCRIPTION

1.

General:

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

Related Work:

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

Work Section
Embankment 02223
Protective Cover 02256
Erosion and Sedimentation Control 02270
Rolled Erosion Control Products 02275

Warranty:

The Contractor shall be responsible for the satisfactory establishment and growth
of a permanent stand of vegetation for a period of one year following the final
seeding as judged by the Engineer. During this period, the Contractor shall be
responsible for the maintenance items described in Paragraph D.4 (Maintenance)
of this Specification.

B. MATERIALS

1. Limestone: Unless otherwise defined by specific soil tests, supply agricultural
grade ground limestone conforming to the current “Rules, Regulations, and
Standards of the Fertilizer Board of Control.”
2. Fertilizer: Unless otherwise defined by specific soil tests, supply commercial
fertilizer of 10-20-10 analysis, meeting applicable requirements of State and
Federal law. Do not use cyanamic compounds of hydrated lime. Deliver fertilizer
in original containers labeled with content analysis.
Johnston County C&D Landfill - Area 2 Specifications
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5.

6.

Grass Seed: Supply fresh, clean, new-crop seed as specified in Table 1 of this
section. Do not use seed which is wet, moldy, or otherwise damaged. Deliver
seed in standard sealed containers labeled with producer’s name and seed analysis,
and in accord with US Department of Agriculture Rules and Regulations under
Federal Seed Act.

Mulch: Supply clean, seed-free, threshed straw of oats, wheat, barley, rye, beans,
or other locally available mulch material.

a. Do not use mulch containing a quantity of matured, noxious weed seeds or
other species that will be detrimental to seeding, or provide a menace to

surrounding land.

b. Do not use mulch material which is fresh or excessively brittle, or which is
decomposed and will smother or retard growth of grass.

Binder: Supply emulsified asphalt or synthetic binder.

Water: Supply potable, free of substances harmful to growth.

SUBMITTALS

The Contractor shall submit the following to the Engineer:

1.

Results of soil tests performed and proposed modifications, if any, to the specified
requirements.

Certificates for each grass seed mixture, stating botanical and common name,
percentage by weight, and percentages of purity, germination, and weed seed.
Certify that each container of seed delivered is fully labeled in accordance with
Federal Seed Act and equals or exceeds specification requirements.

Copies of invoices for fertilizer, showing grade furnished and total quantity
applied.

CONSTRUCTION

1.

The Contractor shall establish a smooth, healthy, uniform, close stand of grass
from the specified seed. Prior to Revegetation, the Contractor shall adequately
test the soils to be revegetated to ensure the adequacy of the specified
requirements. Any modifications to these requirements deemed necessary after
the review of soil test results, shall be at the Contractor’s sole expense. The
Engineer will perform the observations to determine when successful
Revegetation is achieved.
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2. Soil Preparation:

a. Limit preparation to areas which will be planted soon after preparation.
b. Loosen surface to minimum depth of four (4) inches.
c. Remove stones, sticks, roots, rubbish and other extraneous matter over

three (3) inches in any dimension.

d. Spread lime uniformly over designated areas at the rate specified in Table
1 of this section.

e. After application of lime, prior to applying fertilizer, loosen areas to be
seeded with double disc or other suitable device if soil has become hard or
compacted. Correct any surface irregularities in order to prevent pocket or
low areas which will allow water to stand.

f. Distribute fertilizer uniformly over areas to be seeded at the rate specified
in Table 1 of this section.

(D Use suitable distributor.
(2) Incorporate fertilizer into soil to depth of a least two (2) inches.

3) Remove stones or other substances which will interfere with turf
development or subsequent mowing.

g Grade seeded areas to smooth, even surface with loose, uniformly fine
texture.

(1)  Roll and rake, remove ridges and fill depressions, as required to
meet finish grades.

2) Fine grade just prior to planting.
3. Seeding:

a. Use approved mechanical power driven drills or seeders, mechanical hand
seeders, or other approved equipment.

b. Distribute seed evenly over entire area at the rate specified in Table 1 of
this section.
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C. Stop work when work extends beyond most favorable planting season for
species designated, or when satisfactory results cannot be obtained because
of drought, high winds, excessive moisture, or other factors.

d. Resume work only when favorable condition develops, or as directed by
the Engineer.

e. Lightly rake seed into soil followed by light rolling or cultipacking.

f. Immediately protect seeded areas against erosion by mulching or placing
Rolled Erosion Control Products in accordance with Section 02275 of
these Specifications, where applicable.

(1) Spread mulch in a continuous blanket at the rate specified in Table
1 of this section.

2) Immediately following spreading mulch, secure with evenly
distributed binder at the rate specified in Table 1 of this section.

4. Maintenance:

The Contractor shall be responsible for maintaining all seeded areas through the
end of his warranty period. The Contractor shall provide, at his expense,
protection of all seeded areas against damage at all times until acceptance of the
work. Maintenance shall include, but not be limited to, the following items:

a. Regrade and revegetate all eroded areas until adequately stabilized by
grass.
b. Remulch with new mulch in areas where mulch has been disturbed by

wind or maintenance operations sufficiently to nullify its purpose. Anchor
as required to prevent displacement.

c. Replant bare areas using same materials specified.
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TABLE 1: SEEDING SCHEDULE

MATERIAL SEED TYPE APPLICATION RATE'
Lime | e 4,000 Ibs/acre
Fertilizer |  eee- 1,000 lbs/acre
Seed
Permanent; Kentucky 31 Tall Fescue 80 Ibs/acre
Pensacola Bahiagrass 50 Ibs/acre
Sericea Lespedeza’ 30 Ibs/acre
Kobe Lespedeza 10 lbs/acre
Seasonal Nurse Crop® See Note 2
Temporary: Seasonal Nurse Crop® See Note 2
Mulch | e 4,000 - 5,000 lbs/acre
Binder | = eeee 150 gallons/acre
Notes:
1. Application rates and/or chemical analysis shall be confirmed or established by a
soil test.
2. Use seasonal nurse crop in accordance with seeding dates as stated below:
April 15 - August 15 10 Ibs/acre German Millet or
15 Ibs/acre Sudangrass
August 16 - April 14 25 lbs/acre Rye (grain).
3. From September 1 - March 1, use unscarified Sericea seed.

END OF SECTION
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SECTION 03310

CONCRETE WORK

Concrete Work: Concrete will be used as ballast at leachate risers and pipe cleanouts, and for

thrust blocking and valve footings.

A. DESCRIPTION

1. General:
The Contractor shall furnish all labor, material, and equipment to complete
installation of all concrete including all necessary and incidental items, in
accordance with the Contract Drawings and these Specifications.
2. Related Work:
Related Contract Work is described in the following sections of the
Specifications:
Work Section
HDPE Pipe 02614
Valves 02640
3. Reference Standards:
The latest revision of the following standards of the American Concrete Institute
(ACI) and the American Society for Testing and Materials (ASTM) are hereby
made a part of these specifications:
ACI 301 Specifications for Structural Concrete for Buildings.
ASTM C 31 Standard Method of Making and Curing Concrete Test
Specimens in the Field.
ASTM C 39 Standard Method of Test for Compressive Strength of
Cylindrical Concrete Specimens.
ASTM C 42 Standard Test Method for Obtaining and Testing Drilled
Cores and Sawed Beams of Concrete.
ASTM C 94 Standard Specification for Ready Mixed Concrete.
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ASTM C 143 Standard Method of Test for Slump of Portland Cement

Concrete.
ASTM C 150 Standard Specification for Portland Cement.
ASTM C 172 Standard Method of Sampling Fresh Concrete.
ASTM C 309 Standard Specification for Liquid Membrane-Forming

Compounds for Curing Concrete.

4, Quality Control:

The Contractor will perform Quality Control testing on Concrete Work as
described in this section.

B. MATERIALS

1. Portland Cement;

Cement shall be Portland cement Type II conforming to ASTM C 150, unless
otherwise acceptable to the Engineer. Cement shall be proportioned in the mix for

the specified class of concrete in conformity with the applicable provisions of ACI
301.

2. Water: Potable.

3. Class B Concrete:

Nonstructural concrete (Class B) may be used for fill concrete, thrust blocks, etc.
Class B concrete shall conform to the following requirements:

Compressive Strength (28 day): 3,000 psi.

C. SUBMITTALS

1. The Contractor shall submit concrete mix designs to the Engineer for approval at
least 15 days prior to the first concrete placement.

D. CONSTRUCTION

1. Concrete shall be placed per the procedures specified in ACI 301.

2. Inserted and Embedded Items:

Pipes, anchor bolts, steps, and other inserts, as indicated on the Contract Drawings
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or as required, shall be encased in concrete.

3. Concrete thrust blocks and valve footings shall be poured in-place and shall
satisfy the minimum bearing surface requirements as shown on the Contract
Drawings.

4, Structures shall be formed, chamfered, and finished in a workman-like manner.

5. Curing:

Curing shall be with curing compound conforming to ASTM C309, Type 2, Class
A in two uniform thoroughly covering coats applied at right angles to each other.

END OF SECTION
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SECTION 11314

LEACHATE PUMPS AND CONTROLS

Leachate Pumps And Controls: Leachate pumps will be used to pump leachate from the
landfill sump to the leachate storage lagoon.

A. DESCRIPTION

1. General:

The Contractor shall furnish all labor, material, and equipment to complete
installation of all Leachate Pumps And Controls, including all necessary and
incidental items, in accordance with the Contract Drawings and these
Specifications.

2. Related Work:

Related Contract Work is described in the following sections of the

Specifications:
Work Section
Precast Concrete Structures 02608
HDPE Pipe 02614
Valves 02640
CQA Manual Attached
3, Manufacturers Qualifications:

The manufacturer shall be a UL listed shop for industrial control systems and shall
provide evidence of such on request from the Engineer or Owner.

4, Warranty:

All equipment shall be warranted by the manufacturer against defects in material,
installation, and workmanship for a period of one year. Warranties shall become

effective (initiate) upon field service/start-up by the manufacturer’s representative
as required in this section.
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B.

MATERIALS

General:

The materials supplied under these Specifications shall consist of new, first-
quality products designed and manufactured specifically for the purpose of this
work, which shall have been satisfactorily demonstrated, by prior use, to be
suitable and durable for such purposes.

Leachate Sump and Side Risers:

The leachate sump and side risers shall be fabricated to the dimensions shown on
the Contract Drawings and the side risers shall be in accordance with Section
02614, HDPE Pipe, of these Specifications. The Contractor and pump supplier
shall verify that the selected pumps will fit within the dimensions of the side risers
with an adequate factor of safety to account for internal pipe diameter, bends,
fusion beads, etc.

Leachate Forcemain Valve Box:

The leachate forcemain valve box shall be fabricated to the dimensions shown on
the Contract Drawings and shall be in accordance with Section 02608, Precast
Concrete Structures, of these Specifications.

Pumps:
a. General:

The pumps shall be capable of the pumping conditions listed in Table 1 of
this section. The pumps shall be suitable for vertical or side slope riser
installations as shown on the Contract Drawings.

b. Design:

Each pump shall be capable of pumping leachate. A transmitter mount
shall be welded to the pump for liquid level control. The pump shall
permit the unit to “pump down” to within 12 inches of the sump or wet
well bottom without any loss of performance or damage to the pump.
External “priming” or “pump down” systems shall not be allowed. The
pump shall be equipped with a vent valve to assist with the evacuation of
air from the pump.
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c. Materials:

Major components shall be made of 300 series stainless steel, seal rings
and bearings shall be made of Teflon. In addition, all fasteners shall be
300 series stainless steel.

d. Check Valve;

Each pump shall include a built-in check valve, with housing and disc of
300 series stainless steel and check valve seat of Teflon.

€. Shatft:

The shaft shall be of 300 series stainless steel and rotate on Teflon
bearings which are product lubricated.

f. Diffuser Chamber:

The diffuser chambers for each impeller shall be of 300 series stainless
steel and they shall be fitted with Teflon impeller seal rings.

g. Impellers:
The impeller(s) shall be closed and consist of 300 series stainless steel.

h. Motor;

The motor shall be a submersible, hermetically sealed Franklin (or
approved equal) motor in 300 series stainless steel construction. The
motor shall be designed for continuous duty, capable of sustaining up to
100 starts per day. The motor shall be connected to the pump via a motor
adaptor and coupling in 300 series stainless steel. Single phase motors
shall have thermal protection in the motor windings to protect the
windings from over-load. The unit will restart automatically after the
motor cools down. Three phase motors shall have thermal protection
located in the control panel which is to be manually reset.

i Motor Lead Wire:

The lead wire shall be no-splice with a waterproof and chemically resistant
insulation and shall be of the length required for each pump to be installed.

5. Guide Rails and Brackets and Lifting Cables:

Guide rails and brackets for vertical installations shall be as recommended by the
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pump manufacturer and shall include a disconnect system for ease in installation
and service. Lifting cables for side slope riser installations shall be stainless steel
and of sufficient length and strength to raise the pump unit.

6. Electrical and Controls:

a. General:

The control system shall be designed to operate the required number of
pumps specified on the Contract Drawings.

The control function shall provide for the operation of the pumps under
normal conditions and shall alternate the pumps on each pump down cycle
to equalize the run time. In the event the incoming flow exceeds the
pumping capacity of the lead pump, subsequent pumps shall automatically
start to handle the increased flow. As the flow decreases, the pumps shall
cut off at the elevations as shown on the Contract Drawings.

The control system shall function as described below. The equipment
listed below is a guide and does not relieve the supplier from supplying a
system that will function as required.

b. Enclosure:
The enclosure shall be a NEMA 4X rated steel enclosure. The enclosure
shall be a pole mount type with a minimum depth sized to adequately
house all of the components. The door shall open a minimum of 180

degrees.

c. Inner Dead Front Door:

A polished aluminum dead front shall be mounted on a continuous aircraft
type hinge and shall contain cutout for mounted equipment and provide
protection of personnel from live internal wiring. Cutouts for breaker
handles shall be provided to allow operation of breakers without entering
the compartment. All control switches, indicator pilot lights, elapsed time
meters, duplex receptacle, and other operational devices shall be mounted
on the external surface of the dead front. The dead front shall open a
minimum of 150 degrees to allow access to equipment for maintenance. A
% inch break shall be formed around the perimeter of the dead front to
provide rigidity.

d. Back Plate:

The back plate shall be manufactured of 14 gauge steel and be finished
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with a primer coat and two (2) coats of baked on white enamel. All
hardware mounted to the subpanel shall be accomplished with machine
thread tapped holes. Sheet metal screws are not acceptable. All devices
shall be permanently identified.

Power Distribution;

The panel power distribution shall include all necessary components and
be completely wired with stranded copper conductors rated at 90" C. All
conductor terminations shall be as recommended by the device
manufacturer.

Circuit Breakers:

All circuit breakers shall be heavy duty thermal magnetic or motor circuit
protectors similar and equal to Square D type FAL. Each motor breaker
shall be adequately sized to meet the pump motor operating characteristics
and shall have a minimum of 10,000 amps interrupting capacity for 230
VAC and 14,000 amps at 480 VAC. The control circuit and the duplex
receptacle shall individually be controlled by heavy duty breakers.

Circuit breakers shall be indicating type, providing "On-Off-Trip"
positions of the operating handle. When the breaker is tripped
automatically, the handle shall assume a middle position indicating "Trip".

Thermal magnetic breakers shall be quick-make and quick-break on
manual and automatic operation and have inverse time characteristics
secured through the use of bimetallic tripping elements supplemented by a
magnetic trip.

Breakers shall be designed so that an overload on one pole automatically
trips and opens all legs. Field installed handle ties shall not be acceptable.

Motor Starters:

Motor starters shall be open frame, across the line, NEMA rated with
individual overload protection in each leg. Motor starter contact and coil
shall be replaceable from the front of the starter without removing from its
mounted position. Overload heaters shall be block type, utilizing melting
alloy spindlers and shall have visual trip indication. Overload shall be
sized for the full load amperage draw of the pumps. Adjustable type
overloads, definite purpose contactors, fractional size starters and
horsepower rated contactors or relays shall not be acceptable.
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h. Transformers:
Control Transformers shall be provided to provide the 120 VAC and/or 24
VAC for control circuits. Transformers shall be fused on the primary and

secondary circuits. The secondaries shall be grounded.

1. Lightning-Transit Protection:

A lightning -transit protector with tell-tale warning lights on each phase to
indicate loss of protection on the individual phases shall be provided. The
device shall be solid state with a response time of less than 5 nanoseconds
withstanding surge capacity of 6,500 amperes. Unit shall be instant
recovery, long life, and have no holdover currents.

J. Phase Monitor:

A line voltage rated, adjustable phase monitor shall be installed to sense
low voltage, loss of power, reversed phasing, and loss of a phase. Control
circuit shall de-energize upon sensing any of the faults and shall
automatically restore service upon return to normal power.

k. Alarm System:
The alarm light shall be a weatherproof-shatterproof red light fixture with
a 40 watt bulb to indicate alarm conditions. The alarm light shall be

turned on by the alarm level.

L. Level Controls:

Each pump shall be equipped with a liquid level control. The level control
shall be as recommended by the pump manufacturer. A control meter
shall be provided for each pump’s level control and shall be mounted on
the inner door of the control panel. Control meters shall provide digital
read-out and have the capability to monitor and maintain pumping
operations and at least two other level signals. Level controls shall be
accurate to within 0.1 inch.

m. Control System Operation:

The control system shall provide for the automatic and manual control and
alternation of the pumps to maintain a pumped down condition of the wet
well. Levels shall be sensed by level controls adjusted to the levels
depicted on the Contract Drawings. The level controls shall sense the
“Off”, “Lead”, “Lag” and “Alarm” levels. As the level in the wet well or
sump rises, the lead pump shall start and pump to the “Off” position. In
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s,

the event the incoming flow exceeds the capacity of the lead pump, the lag
pump shall start and both pumps shall run to the “Off” level. The
alternator shall switch lead pumps when the “Off” level is reached. If the
level continues to rise, alarm functions shall be excited and the alternate
lag pump shall start. The control system shall include but not be limited to
the ancillary equipment listed below.

Flow Meters:

Flow meters shall be installed where shown on the Contract Drawings.
Each flow meter shall be the electromagnetic type capable of true
volumetric measurement. Each flow meter shall register total product
flow and record totalized flow rate and shall be integrated into the pump
control system. Flow meters shall have flanged connections and be
constructed of materials compatible with leachate. Flow meters shall have
the following characteristics:

(D Accuracy to +0.25% of Rate

(2) Intelligent Micro-processor Based Transmitter
(3) Pressure Limits from Full Vacuum to 200 psi
4) Temperature Limits to 250° F

(5) NEMA 4X Environmental Rating

(6) Accidental and Total Submergence Protection

Flow meters shall be as manufactured by Foxboro, Badger, ABB, or
approved equal.

Valve boxes for flow meters shall be as shown on the Contract Drawings.
Valve boxes shall be approved by the Engineer prior to installation.

Intrinsic Safe Duplex Controller:;

The duplex controller control system shall be a UL listed control unit
consisting of a plug-in programmed solid state controller. The controller
shall include the following listed functions:

(H Alternator

2) Hand-Off-Auto (HOA) Switches
(3) Time Delay Relays

(4) Alternator Selector Switch

(5) Float Indicating Led's

(6) Output Led's

(7) Alternator Test Switch

All AC inputs and outputs shall be transient protected to eliminate
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introduced transients by inductive loads. The controller shall be UL listed
as a control device with intrinsically safe output level of 630 microwatts at
5 VDC applied to the float regulators assuring adherence to UL 913
publication for Division 1, Class 1, intrinsically safe apparatus.

p. Ancillary Equipment:

The Ancillary equipment listed below will be provided unless otherwise

indicated:

(1)

(2)

3)

(4)

®)

(©6)

7. Gauges:

HOA Switches: A three position HOA Switch shall be
provided for each pump. The switch shall be NEMA 4X
rated with 10 Amp contacts. A position indicating legend
plate shall be provided. The HOA switches shall be
mounted on the inner dead front door.

Run Indicators: A green LED run pilot indicator shall be
mounted on the dead front door for each pump.

Elapsed Time Meter: An elapsed time meter shall be
mounted on the dead front door for each pump. The meter
shall operate on 120 VAC, shall indicate in hours (6 digits)
and tenths and shall be non-resetable.

Drawings: A final as-built drawing encapsulated in mylar
shall be attached to the inside of the front door. A list of all
legends shall be included.

Panel Markings: All component parts in the control panel
shall be permanently marked and identified as they are
indicated on the drawing. Marking shall be on the back
plate adjacent to the component. All control conductors
shall be identified with wire markers at each end as close as
practical to the end of conductor termination.

Testing: All panels shall be tested to the necessary power
requirements to assure proper operation of all the
components. Each control function shall be activated to
check for proper indication.

Gauges shall be furnished and installed under this section. All gauges shall be the
Bourdon tube type with a black phenolic case conforming to NEMA 4
requirements and a 2% inch diameter dial face. Gauge windows shall be
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constructed of a shatterproof glass. The gauge dial shall have black scale
markings on a white background evenly spaced over a 270 degree arc. Gauges
shall be provided on the discharge of the submersible pumps in a location as
directed by the Engineer.

Each gauge installation shall include a diaphragm seal with flushing connection
and a %2 inch 300 series stainless steel shutoff cock. The diaphragm seal shall be
designed for continuous duty and the diaphragm shall be constructed of 316
stainless steel with a silicone fill liquid. The diaphragm seal body shall be
constructed of carbon steel with a ¥4 inch, minimum, threaded connection on the
process side and a % inch, minimum, threaded connection on the gauge side.

Discharge gauges shall be graduated in psi from zero to approximately 25% above
the respective pump shutoff head.

The Contractor shall coordinate with the various pump manufacturers so that all
gauges are supplied by one gauge manufacturer. Gauges shall be as manufactured
by Ashcroft Gauge, Division of Dresser Industries, U.S. Gauge Division of
Ametek, or equal.

C. SUBMITTALS
The Contractor shall submit the following to the Engineer:
1. The Contractor shall submit shop drawings for the Leachate Pumps And Controls
for approval at least 4 weeks prior to construction.
2. Operation and maintenance manuals shall be provided for all the equipment
specified in this section.
3. The pump supplier shall submit documentation that the pumps will work with this
application and provide certified performance curves.
4. The Contractor shall submit the manufacturer’s warranty for each pump supplied.
D. CONSTRUCTION
1. Installation:
The Leachate Pumps And Controls shall be constructed as shown on the Contract
Drawings and with the manufacturer’s standard dimensions and tolerances for the
pumps specified.
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2. Field Tests:

The Contractor shall provide the services of the pump, control, and alarm system
manufacturer's representatives to check the installation, make adjustments, and
place the equipment in operation. Provide a minimum of one eight hour day on-
site for start-up and checks of the system.

3. Equipment Identification:

The pumps shall be provided with a substantial stainless steel nameplate, securely
fastened in a conspicuous place and clearly inscribed with the manufacturer's
name, year of manufacture, serial number, and principal rating data. Nameplate
data shall include the rating in gallons per minute, rated head, speed, and
efficiency.

TABLE 1: PUMP REQUIREMENTS

PROPERTY LEACHATE
PUMPS

Quantity 2

Model Leachator LPS150MSTG12075-04, or equal
Capacity (gpm) 100

Total Head (feet) 205

Shutoff Head (feet) 250

Horsepower 7.5

Voltage 230

Phase 3

END OF SECTION
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SECTION 13255

LANDFILL GAS SYSTEM

Landfill Gas System: The Landfill Gas System includes a network of surface collector
trenches and landfill gas flares installed under the piggyback liner system in order to collect
and vent/burn landfill gas, which builds up due to the decomposition of waste,

A. DESCRIPTION

1. General:
The Contractor shall furnish all labor, material, and equipment to complete
installation of the Landfill Gas System in accordance with the Contract Drawings
and these Specifications.

2. Related Work:

Related Contract Work is described in the following sections of the

Specifications:
Work Section
Excavation 02222
Geotextiles 02240
HDPE Pipe 02614
Drainage Geocomposite 02712
3. Reference Standards:

The latest revision of the following standards of the North Carolina Department of
Transportation (NCDOT) are hereby made a part of these specifications.

NCDOT Standard Specifications for Roads and Structures.

B. MATERIALS

1. All pipe used for construction of Landfill Gas System shall be either solid (riser
pipe) or perforated (collector pipe) HDPE Pipe in accordance with Section 02614,
HDPE Pipe, of these Specifications. The pipe SDR and diameter shall be as
shown on the Contract Drawings.

2. Backfill for collector trenches shall be NCDOT #57 stone.

Johnston County C&D Landfill - Area 2 Specifications
October 2005 LANDFILL GAS SYSTEM Page 13255-1



3. Geotextiles used for collector trenches shall conform to the requirements outlined
in Section 02240, Geotextiles, of these Specifications.

4, Drainage Geocomposite used for collector trenches shall conform to the
requirements outlined in Section 02712, Drainage Geocomposite, of these
Specifications.

5. Landfill Gas Utility Flares: Landfill gas utility flares shall be solar ignited.
Utility flares shall be Model CF-5 as manufactured by Landfill Technologies, Inc.,
or approved equal.

C. SUBMITTALS

1. Submit a certification and summary of all required test results, prior to
installation, that all Landfill Gas System components manufactured for the project
have been produced in accordance with these Specifications.

2. Submit Shop Drawings for all components and accessories prior to installation.
Submittals shall include all layout dimensions, size and materials of construction
for all components, information on support and anchoring where necessary, and
complete descriptive information to demonstrate full compliance with the
Contract Documents.

3. Furnish copies of the delivery tickets or other approved receipts as evidence for
materials received that will be incorporated into construction.

4. Operation and maintenance manuals and installation instructions shall be
submitted for all utility flares and accessories. The Manufacturer(s) shall delete
all information which does not apply to the equipment being furnished.

D. CONSTRUCTION

1. All Landfill Gas System components shall be constructed at the locations and
according to the details shown on the Contract Drawings. Care shall be taken to
ensure that these locations are not in areas which are prone to pond water.

2. The depth of surface collector trenches shall be adjusted such that the perforated
HDPE piping and stone backfill breaches the existing final/intermediate cover or
to a maximum depth of four feet if no waste is encountered.

3. The Contractor shall exercise caution as excavations will extend into existing
municipal solid waste. The Contractor shall construct surface collector trenches
such that Contractor personnel are not required to enter the excavation.
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4. All waste materials removed during construction of Landfill Gas System
components shall be disposed of on site in the active lined landfill as directed by
the Owner and Engineer. The Contractor shall weigh waste materials at the
facility scales prior to disposal. No tipping fee will be charged to the Contractor
for disposal of these wastes.

END OF SECTION
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SECTION 1.0
GENERAL

1.1 INTRODUCTION

This Construction Quality Assurance (CQA) Manual has been prepared to provide the Owner,
(Design) Engineer, and CQA Engineer the means to govern the construction quality and to satisfy
landfill certification requirements under current solid waste management regulations.

More specifically, this CQA Manual addresses the soils and geosynthetics components of the
liner system, the leachate management system, and the final cover system. The liner system, as
referenced herein, consists of a soil subgrade and a composite liner (consisting of a compacted
soil liner and/or GCL and LLDPE geomembrane). The leachate management system consists of
a leachate collection system (LCS) and a leachate discharge and storage system. The final cover
system consists of a LLDPE geomembrane, overlying granular and geosynthetic drainage
material with collection piping, and overlying vegetative soil layer.

The CQA Manual is divided into the following sections:

Section 1.0 General

Section 2.0 CQA Documentation

Section 3.0 Earthwork CQA

Section 4.0 Compacted Soil Liner CQA

Section 5.0 Geomembrane CQA

Section 6.0 Leachate Management System CQA
Section 7.0 Geotextile CQA

Section 8.0 Drainage Geocomposite CQA
Section 9.0 Geosynthetic Clay Liner CQA
Section 10.0  Final Cover System CQA

1.2 DEFINITIONS RELATING TO CONSTRUCTION QUALITY

1.2.1 Construction Quality Assurance (CQA)

In the context of this Manual, Construction Quality Assurance is defined as a planned and
systematic program employed by the Owner to assure conformity of the liner, leachate
management, and final cover systems installation with the project drawings and the project
specifications. CQA is provided by the CQA Engineer as a representative of the Owner
and is independent from the Contractor and all manufacturers. The CQA program is
designed to provide adequate confidence that items or services meet contractual and
regulatory requirements and will perform satisfactorily in service.
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1.3

1.2.2 Construction Quality Control (COQC)

Construction Quality Control refers to actions taken by manufacturers, fabricators,
installers, and/or the Contractor to ensure that the materials and the workmanship meet the
requirements of the project drawings and the project specifications. The manufacturer's
specifications and quality control (QC) requirements are included in this CQA Manual by
reference only. A complete updated version of each geosynthetic component
manufacturer's QC Plan shall be incorporated as part of the Contractor's CQC Plan.

1.2.3 CQA Certification Document

At the completion of construction, a certification document will be prepared by the CQA
Engineer and submitted to State Solid Waste Regulators. The certification report will
include all QC testing performed by the Geosynthetics Manufacturers, all CQC testing
performed by the Geosynthetic Installers, and all CQA testing performed by the CQA
Engineer.

1.2.4 Discrepancies Between Documents

The Contractor is instructed to bring discrepancies to the attention of the CQA Engineer
who shall then notify the Engineer for resolution. The Engineer has the sole authority to
determine resolution of discrepancies existing within the Contract Documents (this may
also require the approval of State Solid Waste Regulators). Unless otherwise determined
by the Engineer, the more stringent requirement shall be the controlling resolution.

PARTIES TO CONSTRUCTION QUALITY ASSURANCE

1.3.1 Description of the Parties

The parties to Construction Quality Assurance and Quality Control include the Owner,
Engineer, Contractor, Geosynthetics Manufacturer, Geosynthetics Installer, CQA Engineer,
Geosynthetics CQA Laboratory, and Soils CQA Laboratory.

1.3.1.1 Owner

The Owner is Johnston County, who owns and/or is responsible for the facility.

1.3.1.2 Engineer

The Engineer is responsible for the engineering design, drawings, and project
specifications for the liner, leachate management, and final cover systems. The
Engineer is an official representative of the Owner. The Engineer serves as
communications coordinator for the project, initiating the meetings outlined in
Section 1.7. The Engineer shall also be responsible for proper resolution of all

Johnston County C&D Landfill - Area 2 CQA Manual
October 2005 GENERAL Page 1.0-2



quality issues that arise during construction. The Engineer is G.N. Richardson &
Associates, Inc.

1.3.1.3 Contractor

The Contractor is responsible for the construction of the subgrade, earthwork, and
for placement of the liner, leachate management, and final cover systems. The
Contractor is responsible for the overall CQC on the project and coordination of
submittals to the CQA Engineer. Additional responsibilities of the Contractor are
defined by the project specifications.

1.3.1.4 Geosynthetics Manufacturer

The Geosynthetics Manufacturer(s) is (are) responsible for the production of the
geosynthetic components used in landfill construction. The Manufacturer(s) is (are)
responsible for Quality Control (QC) during manufacture of the geosynthetic
components, certification of the properties of the geosynthetic components, and
field installation criteria.

1.3.1.5 Geosynthetics Installer

The Geosynthetics Installer(s) is (are) routinely a subcontractor of the Contractor
and is (are) responsible for field handling, storing, placing, seaming, protection of
(against wind, etc.), and other aspects of the geosynthetics installations. The
Installer may also be responsible for transportation of these materials to the site, and
for the preparation and completion of anchor trenches.

1.3.1.6 CQA Engineer

The CQA Engineer is a representative of the Owner, is independent from the
Contractor, and is responsible for observing, testing, and documenting activities
related to the CQA of the earthworks at the site, and the installation of the soil and
geosynthetic components of the liner, leachate management, and final cover
systems. The CQA Engineer may make field observations and review submittals
for the Engineer and is responsible for notifying the Owner and Engineer of all
quality issues that arise during construction. The CQA Engineer is also responsible
for issuing a facility certification report, sealed by a Professional Engineer
registered in The State of North Carolina.

1.3.1.7 Geosynthetics CQA Laboratory

The Geosynthetics CQA Laboratory is a party, independent from the Owner, that is
responsible for conducting tests on conformance samples of geosynthetics used in
the liner, leachate management, and final cover systems. The Geosynthetics CQA
Laboratory service cannot be provided by any party involved with the manufacture,
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fabrication, or installation of any of the geosynthetic components. The services of
the Geosynthetics CQA Laboratory are coordinated by the CQA Engineer and are
paid for by the Owner.

1.3.1.8 Soils COA Laboratory

The Soils CQA Laboratory is a party, independent from the Owner, that is
responsible for conducting geotechnical tests on conformance samples of soils and
aggregates used in structural fills and the liner, leachate management, and final
cover systems. The services of the Soils CQA Laboratory are coordinated by the
CQA Engineer and are paid for by the Owner.

1.3.2  Qualifications of the Parties

The following qualifications are required of all parties involved with the manufacture,
fabrication, installation, transportation, and CQA of all materials for the liner, leachate
management, and final cover systems. Where applicable, these qualifications must be
submitted by the Contractor to the Owner and Engineer for review and approval.

1.3.2.1 Contractor

Qualifications of the Contractor are specific to the construction contract and
independent of this CQA Manual.

1.3.2.2  Geosynthetics Manufacturers

Each Geosynthetics Manufacturer must satisfy the qualifications presented in the
project specifications.

1.3.2.3 Geosynthetic Installer(s)

The Geosynthetic Installer(s) will be trained and qualified to install the
geosynthetics components of the liner, leachate management, and final cover
systems. Each Geosynthetics Installer must meet the requirements of the project
specifications and be approved by the Enginee