
 

August 24, 2012 
 
Ms. Donna Wilson 
Permitting Engineer 
NCDENR – Division of Waste Management 
1646 Mail Service Center  
Raleigh, NC  27699-1646 
 
RE: Permit Amendment Application 
 Johnston County C&D Landfill – Area 2 (Permit No. 51-03) 
 
Dear Ms. Wilson: 
 
On behalf of Johnston County, Smith Gardner, Inc. (S+G) has prepared this permit amendment 
application for the continued operation of the Area 2 construction and demolition debris (C&D) 
landfill unit at the County’s landfill facility in Smithfield.  Cell 1 of this landfill unit was constructed in 
2006-07 and an operating permit (Permit No. 51-03) was issued on August 24, 2007.  This permit 
application includes the following components following Rule 15A NCAC 13B .0535(b): 
 

1. Engineering Plan 
2. Construction Quality Assurance (CQA) Plan 
3. Operation Plan 
4. Closure and Post-Closure Plan 
5. Monitoring Plans 

 
Additionally, modifications have been made to the landfill’s facility boundary to address comments 
from the Division of Waste Management (see below). 
 
ENGINEERING PLAN 
 
The engineering plan provided in the following approved permit application still currently reflects 
the design of the Area 2 landfill unit (including the yet to be constructed Cell 2): 
 
 Permit to Construct Application 
 Johnston County C&D Landfill – Area 2 
 As Revised Through May 2006. 
 
Note that based on the most recent survey of the landfill performed on May 31, 2012, existing Cell 1 
is not anticipated to reach capacity until mid-2014 based on a disposal rate of 25,000 tons/year.  
Thus, the County currently anticipates construction of Cell 2 in FY 2013-14. 
 
A copy of this plan and the associated drawings are provided as Attachment A. 
 
CONSTRUCTION QUALITY ASSURANCE (CQA) PLAN 
 
The construction quality assurance (CQA) manual provided in the following approved permit 
application is applicable for planned construction at the facility: 
 
 Permit Amendment Application 
 Johnston County MSW Landfill – Phase 4A – Cell 3 
 As Revised Through January 2009. 
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A copy of this plan is provided as Attachment B. 

OPERATION PLAN 

The current operations manual for the facility was updated in December 2011 as part of a permit 
modification related to the landfill gas ILFGI system. Figure 1 of this document has been revised to 
reflect the new facility boundary and monitoring locations [see Monitoring Plans and Facility 
Boundary Modifications below). All other text of the document remains the same. 

A copy of the updated Operations Manual is provided as Attachment C. 

CLOSURE AND POST -CLOSURE PLAN 

The current closure and post-closure plan for the facility was updated in December 2011 as part of a 
permit modification related to the landfill gas ILFGI system. 

A copy of this plan is provided as Attachment D. 

UPDATED MONITORING PLANS 

As part of this application, an updated water quality monitoring plan has been prepared which 
incorporates all water quality monitoring activities for the facility [MSW and C&D landfill units! 
Additionally, a separate landfill gas ILFGI monitoring plan has been prepared for the facility. 

Copies of the water quality monitoring plan and the LFG monitoring plan are provided as Attachment 
E and Attachment F, respectively. 

FACILITY BOUNDARY MODIFICATIONS 

The attached Figure 1 includes a revised facility boundary. A total of approximately 34.4 acres have 
been added along the east and southeast side of the facility to include the limits of the current yard 
waste processing area and a strip of property to the southeast of MSW Phases 1 & 2 and the Area 2 
C&D landfill unit. The yard waste processing area has been in operation on County-owned property 
for a number of years but a portion of the operations has been outside the previously approved 
facility boundary. The strip of property to the southeast of MSW Phases 1 & 2 and the Area 2 C&D 
landfill unit was previously contemplated as an addition to the facility boundary in 1997 but was not 
recorded. Subsequently the County purchased a large tract of land to the east [known as the 
Heavener-Holding Property! in 2001. Upon the approval of the revised boundary, the County will 
have the facility boundary modifications recorded . 

Pieter K. Scheer, P.E. 

-
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Attachments:  Figure 1 – Existing Site Conditions Drawing 
  A.  Engineering Plan & Drawings 
  B.  CQA Manual 
  C.  Operations Manual 
  D.  Closure and Post-Closure Plan 
  E.  Water Quality Monitoring Plan 
  F.  LFG Monitoring Plan 
 
cc:  Rick Proctor, Johnston County 
 Tim Broome, P.E., Johnston County 
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1.1 OVERVIEW 

SECTION 1.0 
INTRODUCTION 

The Johnston County Landfill facility is located on County Home Road off Highway 210 near 
Smithfield, North Carolina and operates underNC Solid Waste Pennit 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 debiis (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 1 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 is 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 Sl 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. 
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2.1 OVERVIEW 

SECTION 2.0 
FACILITY REPORT 

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 108,7 51 tons of MSW and 31 ,23 3 
tons ofC&D waste from 7/1/04 to 6/30/05 (MSW: average 9,063 tons per month 
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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 ofMSW and 0.21 tons/person/year ofC&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 
2016-2025 
2026-2035 
2036-2045 
2046-2055 

350,000 tons/year (1,122 tons/day) 
401,000 tons/year (1 ,285 tons/day) 
452,000 tons/year (1 ,449 tons/day) 
505,000 tons/year (1,619 tons/day) 
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 ofNorth Carolina. 

2.2.5 Procedures for Waste Segregation 

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 
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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. 

2.3 LANDFILL CAPACITY 

2.3.1 Total Operating Capacity and Life Expectancy 

2.3.1.1 MSW Landfill Units 

Drawing 82 (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 1 V slope, then transition at flatter slopes (5-8%) to 
the peak elevations. 

2.3.1.2 C&D Landfill Units 

Drawing 82 (Site Development Plan - Base Grades) identifies the conceptual 
sub grade grades for the development of Area 2. Drawing 83 (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 1 V 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) 
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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. 

2.4 AVAILABLE SOIL RESOURCES AND REQUIRED SOIL QUANTITIES 

2.4.1 Earthwork Quantities 

The soils required to construct and operate the existing and planned MSW 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 Soil 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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2.4.3 Leachate Collection Svstem (LCS) and Protective Cover 

Overlying the liner system is the leachate collection system and protective cover. This 
layer is 24 inches thick on both the landfill base and side slopes. The required in-place 
volume of protective cover for each 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 intennediate 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. 

2.5 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. 
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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, Title 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 2:: 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 sub grade 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 Band C, respectively. Geosynthetics 
used in the Area 2 construction are discussed in greater detail in Section 3.0 (Geosynthetics 
Design) ofthis 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 (NCAC .1624(b )(7)) . The sub grade elevations will be 
achieved by excavation or placement of compacted structural fill (embankment). During 
excavation, a determination ofunsuitable 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. 
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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 lined C&D landfill units. The specific design requirements are discussed in the 
pennit 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 10-7 em/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 4A- Cell3: 

• a 40 mil LLDPE geomembrane liner; 
• a drainage geocomposite (leak detection system); 
• a geosynthetic clay liner (GCL); 
• a 60 mil HOPE 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 1 o-s em/sec.; 

• geosynthetic clay liner (GCL); 
• a 60 mil HOPE 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 SS (Area 2- Composite 
Liner Grading and Leachate Collection System Plan). Area 2 will have a liner 
system consisting of the following components (bottom-up): 
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Type 1: 

• a 12 inch thick compacted soil liner with a permeability of no more 
than 1 x 10·5 em/sec.; 

• a 40 mil LLDPE geomembrane liner; and 
• a leachate 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 1 o-9 em/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-
1 0) 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 (LCS) 

The LCS will be constructed directly above the geomembrane on both the base and side 
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slopes ofthe 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 storm water- 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 
geomembrane, 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 1 o-s em/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 stonn event, and confonn to the 
requirements of the North Carolina Sedimentation Pollution Control Law (I SA, 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 ofthe 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 closed 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 ofLFG 
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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 ofleachate 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 Alternative Liner Systems 

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

Year Popula tion 

2005 145,968 

2006 150,557 

2007 155,226 

2008 159,970 

2009 164,801 

2010 169,566 

2011 173,978 

2012 178,498 

2013 183,133 

2014 187,923 

2015 192,811 

2016 197,748 

2017 202,850 

2018 208,113 

2019 213,560 

2020 218,946 

2021 223,754 

2022 228,689 

2023 233,760 

2024 239,003 

2025 244,330 

2026 249,653 

2027 255,141 

2028 260,783 

2029 266,606 

2030 271,075 

Johnston County C&D Landfill - Area 2 
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Projected Annual 
MSWTonnage 

108,75 1 

112,169 

115,648 

119,182 

122,782 

126,33 2 

129,619 

132,986 

136,440 

140,008 

143,650 

147,328 

151,129 

155,050 

159,109 

163,121 

166,703 

170,380 

174,158 

178,064 

182,033 

185,999 

190,088 

194,291 

198,629 

201,959 

Projected Average Projected Monthly 
Monthly MSW Variance(± 20%) 

Tonnag-e 

9,063 7,250- 10,875 

9,347 7,478 - 11,217 

9,637 7,710 - 11 ,565 

9,932 7,945- 11 ,918 

10,232 8,185 - 12,278 

10,528 8,422 - 12,633 

10,802 8,641- 12,962 

11 ,082 8,866 - 13,299 

11,370 9,096- 13,644 

11,667 9,334- 14,001 

11,971 9,577- 14,365 

12,277 9,822 - 14,733 

12,594 10,075 - 15,113 

12,921 10,337- 15,505 

13,259 10,607 - 15,91 I 

13,593 10,875-16,312 

13,892 I 1,114 - 16,670 

14,198 11 ,359 - 17,038 

14,513 11,611 - 17,416 

14,839 11,871 - 17,806 

15,169 12,136 - 18,203 

15,500 12,400 - 18,600 

15,841 12,673- 19,009 

16,191 12,953- 19,429 

16,552 13,242- 19,863 

16,830 13,464-20,196 

Facility And Engineering Plan 
FACILITY REPORT Page 2.0-12 



Year Population 

2031 275,619 

2032 280,239 

2033 284,937 

2034 289,713 

2035 294,569 

2036 299,507 

2037 304,527 

2038 309,632 

2039 314,822 

2040 320,099 

2041 325,465 

2042 330,921 

2043 336,468 

2044 342,108 

2045 347,843 

2046 353,673 

2047 359,602 

2048 365,630 

2049 371,758 

2050 377,990 

205 1 384,326 

2052 390,768 

2053 397,319 

5054 403,979 

2055 410,751 
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Projected Annual 
MSW Tonnage 

205,344 

208,786 

2 12,286 

215 ,845 

219,463 

223,142 

226,882 

230,685 

234,552 

238 ,484 

242,481 

246,546 

250,679 

254,881 

259,153 

263,497 

267,914 

272,405 

276,97 1 

281,614 

286,335 

291,134 

296,014 

300,976 

306,021 

Projected Average Projected Monthly 
Monthly MSW Variance(± 20% ) 

Tonnage 

17,112 13,690 - 20,534 

17,399 13,919-20,879 

17,691 14,152 - 21,229 

17,987 14,390-21,584 

18,289 14,631 - 21,946 

18,595 14,876- 22,314 

18,907 15,125 - 22,688 

19,224 15,379- 23,069 

19,546 15,637 - 23 ,455 

19,874 15,899- 23,848 

20,207 16,165-24,248 

20,545 16,436- 24,655 

20,890 16,712- 25,068 

21 ,240 16,992 - 25,488 

21 ,596 17,277 -25,915 

21 ,958 17,566-26,350 

22,326 17,861 - 26,791 

22,700 18,160-27,241 

23,081 18,465-27,697 

23,468 18,774-28,161 

23,861 19,089 - 28,663 

24,261 19,409- 29,113 

24,668 19,734- 29,601 

25,08 1 20,065 - 30,098 

25,502 20,401 - 30,602 
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TABLE 2.1B 
PROJECTED (COUNTY-ONLY) C&D TONNAGES 

Year Population 

2005 145,968 

2006 150,557 

2007 155,226 

2008 159,970 

2009 164,801 

2010 169,566 

2011 173,978 

2012 178,498 

2013 183,133 

2014 187,923 

2015 192,811 

2016 197,748 

2017 202,850 

2018 208,113 

2019 213,560 

2020 218,946 

2021 223,754 

2022 228,689 

2023 233,760 

2024 239,003 

2025 244,330 

2026 249,653 

2027 255,141 

2028 260,783 

2029 266,606 

2030 271,075 
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Projected Annual 
C&D Tonnage 

31 ,233 

32,215 

33,214 

31,229 

35,262 

36,282 

37,226 

38,193 

39,185 

40,210 

41,256 

42,312 

43,404 

44,530 

45,695 

46,848 

47,877 

48,933 

50,018 

51,139 

52,279 

53,418 

54,593 

55,800 

57,046 

58,002 

Projected Aver·age Projected Monthly 
MonthlyC&D Variance(± 20%) 

Tonnage 

2,603 2,082-3 ,123 

2,685 2,148 - 3,221 

2,768 2,214-3,321 

2,852 2,282 - 3,423 

2,939 2,351 - 3,526 

3,024 2,419-3 ,628 

3,102 2,482- 3,723 

3,183 2,546- 3,819 

3,265 2,612-3,918 

3,351 2,681-4,021 

3,438 2,750- 4,126 

3,526 2,821-4,231 

3,617 2,894 - 4,340 

3,711 2,969 - 4,453 

3,808 3,046- 4,570 

3,904 3,123- 4,685 

3,990 3,192- 4,788 

4,078 3,262- 4,893 

4,168 3,335 - 5,002 

4,262 3,409- 5,114 

4,357 3,485 - 5,228 

4,452 3,561 - 5,342 

4,549 3,640- 5,459 

4,650 3,720- 5,580 

4,754 3,803- 5,705 

4,833 3,867- 5,800 
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TABLE 2.2A 
TOTAL OPERATING CAPACITY AND LIFE EXPECTANCY - MSW LANDFILL UNITS 

Landfill Unit Ar ea 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 25.4 1,174,139 819,136 CY Closed 
491 ,482 Tons 

Phase 4 37.3 1,63 1,731 1,133,533 CY Closed 
680,120 Tons 

Total (Unlined): 84.8 3,538,233 2,448,459 CY Closed 
1,469,076 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- 2.61 

(Cells 1&2) 521 ,078 Tons 

Phase 4A 7.4 1,426,682 1,117,815 CY 2.8-6.1 
(Cell3) 782,471 Tons 

Phase 6 21.1 1,402,016 1,163,319 CY 2.5 - 4.8 
697,992 Tons 

Phase 7 19.8 1,758,991 1,456,422 CY 3.0 - 5.3 
873,853 Tons 

Phase 8 25.2 1,844,867 1,482,308 CY 2.9-4.8 
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 4.8 - 5.5 
1,755,665 Tons 

Tota_l (Lined): 154.7 18,367,420 15,135,600 CY 29.4-46.3 
. 9,954,101 Tons 

Total.(Overall): 239.5 . 21,905,653 · 17,584,059 CY 29.4 -46.3 
... 11,423,177 Tons 

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) 

Area 1 16.2 572,734 479,645 CY 2.0- 2.4 1 

289,285 Tons 

Area 2 - Cell 1 11.3 451,611 389,897 CY 5.5 - 6.4 
233,938 Tons 

Area 2 - Cell 2 4.5 462,658 387,062 CY 4.6-5.3 
232,237 Tons 

Total: 32.0 1,487,003 1,256,604 CY 11.9- 14.2 
755,460 Tons 

Notes: 
1. Life expectancy for the active Area 1 unit shown above is from 3/21105 . 

TABLE2.3 
GENERAL EARTHWORK QUANTITIES 

I Landltll Unie I Cut (CY} 

MSW Landfill Units 

4A- Cell3 362 

Phase 6 279,493 

Phase 7 222,037 

Phase 8 242,630 

Phase 9 68,999 

Phase 10 151 ,736 

C&D Landfill Units 

Area2 44,610 

Notes: 
1. Includes site roads and infrastructure. 

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

I Fill (CY) I 

3,275 

55,613 

85,202 

105,976 

178,758 

21,326 

77,952 
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TABLE2.4 
SOIL LINER QUANTITIES 

I Landfill Unit I Reguired Volume (CY} I 
MSW Landfill Units 

Phase 6 51,062 

Phase 7 47,916 

Phase 8 60,984 

Phase 9 54,450 

Phase 10 42,350 

C&D Landfill Units 

Area 2 1 25,491 

Notes: 
1. Or structural fill layer. 

TABLE2.5 
LEACHATE COLLECTION SYSTEM/PROTECTIVE COVER QUANTITIES 

I Landfill Unit 

4A- Ce11 3 

Phase 6 

Phase 7 

Phase 8 

Phase 9 

Phase 10 

Area 2 
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I Reguired Volume (CY} I 
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23,877 

68,083 

63,888 

81,3 12 

72,600 

56,467 
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50,981 
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TABLE2.6 
DAILY AND INTERMEDIATE COVER QUANTITIES 

I Landfill Unit I Reguired Volume (CY} I 
MSW Landfill Units 

4A - Cells 1 & 2 86,088 1 

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 

Area 1 18,075 1 

Area 2 86,329 

Notes: 
I. Volumes shown above for Phase 4A Cells 1&2 and Area 1 is from 3/21/05. 
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I 

I 

I 

TABLE 2.7 
VEGETATIVE SOIL LAYER QUANTITIES 

Landfill Unit I 

Phase 4A 

Phase 5 

Phase 6 

Phase 7 

Phase 8 

Phase 9 

Phase 10 

Area 1 

Area2 

Material 

Excavation 

Structural Fill 

Soil Liner 

LCS/Protective Cover1 

Reguired Volume (CY} 

MSW Landfill Units 

94,864 

61,952 

68,083 

63,888 

81,312 

72,600 

56,467 

C&D Landfill Units 

35,816 

50,981 

TABLE2.8 
SOIL SUMMARY 

I Quantit~ {CY) 

1,009,867 

(528,102) 

(282,253) 

(417,208) 

Daily/Intermediate Cover (2,619,507) 

Vegetative Soil Layer (585,963) 

· TotaJ2: 1· (3,423,166) 

1. A portion of this material will come from off-site sources. 
2. Soil deficit shown will be made up from off-site sources. 

I 

I 

I 
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SECTION 3.0 
GEOSYNTHETICS DESIGN 

3.1 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 {GCL) 

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 1 o·9 

em/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: 1 V 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 geocomposite will consist of a polyethylene drainage net (geonet) bonded 
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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 
10-4m3 /m/sec and 1 x 10-3 m3 /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 
requirement 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 chemicalleachates 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 LCS 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 SS 
(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 ofleachate 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 I 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 of7.5 x IO-'~ m3/rn/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) 
(I.D. = 5.8-inches) will handle a maximum drainage area of 17 acres with a factor of 
safety of 2.0. This maximum drainage area exceeds the maximum drainage area to be 
drained by any 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 
tum 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. 

4.3 LEACHATE DISCHARGE AND STORAGE SYSTEM 

Leachate from the Area 2 LCS is collected in the leachate sump as shown on Drawing S7 
(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 of3). 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 7 5 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 keep the head on the liner system to a minimum. 

4.3.2 Leachate Discharge Piping 

The leachate discharge piping consists ofHDPE (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 Stora2e 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 freeboard). The leachate 
storage lagoon is lined with a composite liner system consisting of 24 inches of 
compacted clay liner (k :S 1 x 10·7 em/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 oflandfill 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. 

4.5 LEACHATE GENERATION 

The leachate management system for Area 2 has been designed to minimize head on the liner 
system and to maximize effective operations. The leachate generation rate for the landfill is 
heavily dependent on the following: 

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

An evaluation of leachate generation rates was performed to estimate flow rates during active, 
interim, and closed conditions (see Appendix A). The Hydrologic Evaluation of Landfill 
Performance (HELP) Model (version 3.07) was used to confirm the volume ofleachate 
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 1 00 gpapd for final 
were applied to the proposed operational scenarios. Each operational scenario is basically a 
"snapshot" developed to depict the typical combination of areas which are being operated, under 
active, interim, and final cases. 

In order to simulate a "surge" volume, 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 pending 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 pending of leachate will occur in the landfill when the lagoon 
can handle the entire design storm. 

In order to minimize the pending potential in the landfill, the County will remove leachate from 
the storage lagoon at a rate to maintain a typical volume of3,000,000 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. 

• Function with a minimum of maintenance over the life of the landfill. 

Each component is described below. Refer to Drawings FCl, 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 Landlill Gas (LFG) 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 infiltration 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 of2 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 faci lity plan represent a significant change in the 
capacity of the landfill facility. Thus, local govemment 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 Citv'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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JOHNSTON COUNTY 

JOHNSTON COUNTY LANDFILL 
RESOLUTION TO APPROVE THE AREA 2 C&D LANDFILL UNIT AND AMENDED 

LANDFILL FACILITY PLAN 

BE IT RESOLVED that the Board of County Commissioners of Johnston County hereby grants 
approval for the issuance of a landfill permit by the Division of Waste Management for the Area 
2 construction and demolition debris (C&D) landfill unit including an amended facility plan for 
the entire landfill facility in compliance with North Carolina Solid Waste Management Rules 
T15A NCAC 13B.l618(c)(5)(A). The proposed Area 2landfill unit consists ofup to 
approximately 15.8 acres of waste footprint located within the previously approved landfill 
facility boundary (approximate 500 acre tract owned by the County) as shown on Drawing S2 of 
Permit Drawings dated October 2005 (see attached). The Board of County Commissioners 
hereby approves the following items related to the proposed landfill unit and amended landfill 
facility plan: 

1. Service Area: 
The landfill serves the State ofNorth Carolina. 

2. Disposal Rates: 
The landfill facility will accept waste at the following maximum rates (tons/day is based 
on 312 operating days per year): 

2006-2015 
2016-2025 
2026-2035 
2036-2045 
2046-2055 

350,000 tons/year (1,122 tons/day) 
,. '401 ,000 tons/year (1 ,285 tons/day) 

452,000 tons/year (1 ,449 tons/day) 
505,000 tons/year (1,619 tons/day) 
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. 

3. Landfill Volumes: 
The landfill facility will provide the following gross volumes (volume of waste plus 
periodic and final cover soil) consistent with the contours shown on the Drawing S3 of 
the Permit Drawings dated October 2005 (see attached): 

Landfill Units Total Waste Gross Volume 
Footprint 

Lined MSW (Phases 4A and 5- 154.7 AC 18,367,420 CY 
10) 

C&D (Areas 1 and 2) 32.0 AC 1,489,824 CY 



4. Landfill Service Life: 
Depending upon the actual disposal rates, the landfill is projected to have an approximate 
service life of between 29 and 46 years (MSW units) and between 12 to 14 years (C&D 
units) . 

Adopted, this )~ day of January, 2006. 

JOHNSTON COUNTY BOARD OF COMMISSIONERS 

Cookie Pope, Chairman 

b 

Attest: April N. Byrd 
Clerk to the Board 
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PLANNING & ZONING DEPARTMENT 

"H 'T'. S " ere 10 erve ... 

February 01,2006 

Mr. Edward F. Mussier, P.E. 
NC DENR Division of Waste Management 
401 Oberlin Road, Suite 150 
Raleigh, North Carolina 27605 

RE: Johnston County Landfill- Permit No. 51-03 
C&D Landfill - Area 2 
Demonstration of Consistency with Zoning Ordinances 

Dear Mr. Mussier: 

In compliance with 15A NCAC 13B.500(l)(e)(ii) and 13B.1618(c)(5)(B), this letter is to notify 
you that the proposed Area 2 C&D landfill unit at the Johnston County Landfill is part of the 
currently permitted landfill site and that this site meets the applicable zoning requirements of 
Johnston County. 

Should you have any questions or require clarification, please contact me at your earliest 
convemence. 

Sincerely, 

Johnston County Plaillling Director 

cc: Pieter Scheer, G.N. Richardson & Associates 

309 East Market Street • Smithfield, NC 27577 
Telephone (919) 989-5150 • (Fax)(919) 989-5426 

www.johnstonnc.com 



February 01, 2006 

Mr. Edward F. Mussier, P .E. 

$~rri~ 
DEPARTMENT OF PUBLIC UTILITIES 

POST OFFICE BOX 2263 

SMITHFIELD, N.C. 27577 

(919) 989-5075 

NC DENR Division of Waste Management 
1646 Mail Service Center 
Raleigh, North Carolina 27699-1646 
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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, leachate management, and the final cover systems (as applicable) for both the MSW and 
C&D landfill units at the facility. 

The CQA Manual is divided into the following sections: 

1.2 

• Section 1.0 General 
• Section 2.0 CQA Documentation 
• Section 3.0 Earthwork CQA 
• Section 4.0 Soil Liner CQA 
• Section 5.0 Geomembrane CQA 
• Section 6.0 Leachate Management System CQA 
• Section 7.0 Geotextile CQA 
• Section 8.0 Drainage Geocomposite CQA 
• Section 9.0 Geosynthetic Clay Liner CQA 
• Section 10.0 Final Cover System CQA 

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. 

1.2.2 Construction Quality Control (CQC) 

Construction Quality Control refers to actions taken by manufacturers, fabricators, 
installers, and/or the Contractor to ensure that the materials and the workmanship meet the 
requirements of the project drawings and the project specifications. The manufacturer's 
specifications and quality control (QC) requirements are included in this CQA Manual by 
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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. 

1.3 PARTIES TO CONSTRUCTION QUALITY ASSURANCE 

1.3.1 Description of the Parties 

The parties to Construction Quality Assurance and Quality Control include the Owner, 
Engineer, Contractor, Geosynthetics Manufacturer, Geosynthetics Installer, CQA Engineer, 
Geosynthetics CQA Laboratory, and Soils CQA Laboratory. 

1.3.1.1 Owner 

The Owner is 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 will also be responsible for proper resolution of all 
quality issues that arise during construction. The Engineer is Richardson Smith 
Gardner & 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 
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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 ofNorth Carolina. 

1.3 .1. 7 Geosynthetics CQA Laboratory 

The Geosynthetics CQA Laboratory is a party, independent from the Owner, that is 
responsible for conducting tests on conformance samples of geosynthetics used in 
the liner, leachate management, and final cover systems. The Geosynthetics CQA 
Laboratory service cannot be provided by any party involved with the manufacture, 
fabrication, or installation of any of the geosynthetic components. The services of 
the Geosynthetics CQA Laboratory are coordinated by the CQA Engineer and are 
paid for by the Owner. 
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1.3 .1. 8 Soils CQA Laboratory 

The Soils CQA Laboratory is a party, independent from the Owner, that is 
responsible for conducting geotechnical tests on conformance samples of soils and 
aggregates used in structural fills and the liner, leachate management, and final 
cover systems. The services of the Soils CQA Laboratory are coordinated by the 
CQA Engineer and are paid for by the Owner. 

1.3.2 Qualifications of the Parties 

The following qualifications are required of all parties involved with the manufacture, 
fabrication, installation, transportation, and CQA of all materials for the liner, leachate 
management, and final cover systems. Where applicable, these qualifications must be 
submitted by the Contractor to the Owner and Engineer for review and approval. 

1.3 .2.1 Contractor 

Qualifications of the Contractor are specific to the construction contract and 
independent of this CQA Manual. 

1.3 .2.2 Gee synthetics Manufacturers 

Each Geosynthetics Manufacturer must satisfy the qualifications presented in the 
project specifications. 

1.3.2.3 Geosynthetic Installer(s) 

The Geosynthetic Installer(s) will be trained and qualified to install the 
geosynthetics components of the liner, leachate management, and final cover 
systems. Each Geosynthetics Installer must meet the requirements of the project 
specifications and be approved by the Engineer. 

1.3.2.4 CQA Engineer 

The CQA Engineer will act as the Owner's Quality Assurance Representative. The 
CQA Engineer will perform CQA testing to satisfy the requirements of this CQA 
Manual and will prepare the CQA certification document. The CQA Engineer will 
have experience in the CQA aspects of the construction and testing oflandfillliner, 
leachate management, and final cover systems, and be familiar with ASTM and 
other related industry standards. The activities of the CQA Engineer will be 
performed under the supervision of a Registered Professional Engineer. 
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1.3.2.5 Geosynthetics CQA Laboratory 

The Geosynthetics CQA Laboratory should be certified by the Geosynthetics 
Accreditation Institute, will have experience in testing geosynthetics, and be 
familiar with ASTM, GRI, and other applicable test standards. The Geosynthetics 
CQA Laboratory will be capable of providing test results within 24 hours or a 
reasonable time after receipt of samples depending on the test(s) to be conducted, as 
agreed to at the outset of the project by affected parties, and will maintain that 
standard throughout the installation. 

1.3.2.6 Soils CQA Laboratory 

The Soils CQA Laboratory will have experience in testing structural fills, soil liners, 
and aggregates, and be familiar with ASTM and other applicable test standards. 
The Soils CQA Laboratory will be capable of providing test results within 24 hours 
or a reasonable time after receipt of samples depending on the test(s) to be 
conducted, as agreed to at the outset of the project by affected parties, and will 
maintain that standard throughout the installation. 

1.4 SCOPE OF CONSTRUCTION QUALITY ASSURANCE MANUAL 

The scope of this CQA Manual includes the CQA of the soils and geosynthetic components of 
the liner, leachate management, and final cover systems for the subject facility. The CQA for the 
selection, evaluation, and placement of the soils is included in the scope. 

1.5 UNITS 

In this CQA Manual, all properties and dimensions are expressed in U.S. units. 

1.6 REFERENCES 

The CQA Manual includes references to the most recent version of the test procedures of the 
American Society of Testing and Materials (ASTM) and/or the Geosynthetic Research Institute 
(GRI). Appendix A contains a list of these procedures. 

1.7 CQA MEETINGS 

To facilitate the specified degree of quality during installation, clear, open channels of 
communication are essential. To that end, meetings are critical. 

1.7.1 Soil Liner CQA Meeting 

Prior to the start of the soil liner system construction a CQA Meeting will be held. This 
meeting will include all parties then involved, including the Engineer, the CQA Engineer, 
and the Contractor. 
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The purpose of this meeting is to begin planning for coordination of tasks, anticipate any 
problems which might cause difficulties and delays in construction, and, above all, review 
the CQA Manual to all of the parties involved. It is very important that the rules regarding 
testing, repair, etc., be known and accepted by all. 

This meeting should include all of the activities referenced in the project specifications. 

The meeting will be documented by the Engineer and minutes will be transmitted to all 
parties. The Soil Liner CQA Meeting and the Geosynthetics CQA Meeting may be held as 
one meeting or separate meetings, depending on the direction of the Engineer. 

1.7.2 Geosynthetics CQA Meeting 

A CQA Meeting will be held at the site prior to placement of the geosynthetics. At a 
minimum, the meeting will be attended by the Engineer, the CQA Engineer, the Contractor, 
and the Geosynthetic Installation Superintendent(s). 

The purpose of this meeting is to begin planning for coordination of tasks, anticipate any 
problems which might cause difficulties and delays in construction, and, above all, review 
the CQA Manual to all of the parties involved. It is very important that the rules regarding 
testing, repair, etc., be known and accepted by all. 

This meeting should include all of the activities referenced in the project specifications. 

The meeting will be documented by the Engineer and minutes will be transmitted to all 
parties. The Soil Liner CQA Meeting and the Geosynthetics CQA Meeting may be held as 
one meeting or separate meetings, depending on the direction of the Engineer. 

1.7.3 CQA Progress Meetings 

Progress meetings will be held between the Engineer, the CQA Engineer, the Contractor, 
the Geosynthetic Installation Superintendent(s), and representatives from any other 
involved parties at the frequency dictated in the project specifications or, at a minimum, 
once per month during active construction. These meetings will discuss current progress, 
planned activities for the next week, and any new business or revisions to the work. The 
CQA Engineer will log any problems, decisions, or questions arising at this meeting in his 
daily or periodic reports. Any matter requiring action which is raised in this meeting will 
be reported to the appropriate parties. These meetings will be documented by the Engineer 
and minutes will be transmitted to affected parties. 

1.7.4 Problem or Work Deficiency Meetings 

A special meeting will be held when and if a problem or deficiency is present or likely to 
occur. At a minimum, the meeting will be attended by the Engineer, the CQA Engineer, 
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the Contractor, and representatives from any other involved parties. The purpose of the 
meeting is to define and resolve the problem or work deficiency as follows: 

• define and discuss the problem or deficiency; 
• review alternative solutions; and 
• implement an action plan to resolve the problem or deficiency. 

The meeting will be documented by the Engineer and minutes will be transmitted to 
affected parties. 

1.8 CONTROL VERSUS RECORD TESTING 

1.8.1 Control Testing 

In the context of this CQA Manual, Control Tests are those tests performed on a material 
prior to its actual use in construction to demonstrate that it can meet the requirements of the 
project plans and specifications. Control Test data may be used by the Engineer as the 
basis for approving alternative material sources. 

1.8.2 Record Testing 

Record Tests are those tests performed during the actual placement of a material to 
demonstrate that its in-place properties meet or exceed the requirements of the project 
drawings and specifications. 
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SECTION 2.0 
CQA DOCUMENTATION 

2.1 DOCUMENTATION 

An effective CQA plan depends largely on recognition of construction activities that should be 
monitored and on assigning responsibilities for the monitoring of each activity. This is most 
effectively accomplished and verified by the documentation of quality assurance activities. The 
CQA Engineer will document that quality assurance requirements have been addressed and 
satisfied. 

The CQA Engineer will provide the Owner and Engineer with his daily and weekly progress 
reports including signed descriptive remarks, data sheets, and logs to verity that required CQA 
activities have been carried out. These reports will also identifY potential quality assurance 
problems. The CQA Engineer will also maintain at the job site a complete file of project 
drawings, reports, project specifications, a CQA Manual, checklists, test procedures, daily logs, 
and other pertinent documents. 

2.2 DAILY CQA REPORT 

The CQA Engineer's reporting procedures will include preparation of a daily report which, at a 
minimum, will include the following information, where applicable: 

• a unique identifYing sheet number for cross referencing and document control; 

• date, project name, location, and other identification; 

• data on weather conditions; 

• a reduced-scale Site Plan showing all proposed work areas and test locations; 

• descriptions and locations of ongoing construction; 

• descriptions and specific locations of areas, or units, of work being tested and/or 
observed and documented; 

• locations where tests and samples were taken; 

• a summary of test results; 

• calibrations or recalibrations of test equipment, and actions taken as a result of 
recalibration; 

• off-site materials received, including quality verification documentation; 
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• decisions made regarding acceptance of units of work, and/or corrective actions to 
be taken in instances of substandard quality; 

• summaries of pertinent discussions with the Contractor and/or Geosynthetic 
Installers; and 

• the CQA Engineer's signature. 

The daily report must be completed at the end of each CQA Engineer's shift, prior to 
leaving the site. This information will be submitted weekly to and reviewed by the Owner 
and Engineer. 

2.3 CQA PROGRESS REPORTS 

The CQA Engineer will prepare a summary progress report each week, or at time intervals 
established at the pre-construction meeting. As a minimum, this report will include the 
following information, where applicable: 

• a unique identifying sheet number for cross-referencing and document control; 

• the date, project name, location, and other information; 

• a summary of work activities during the progress reporting period; 

• a summary of construction situations, deficiencies, and/or defects occurring during 
the progress reporting period; 

• summary of all test results, failures and retests, and 

• signature of the CQA Engineer. 

The CQA Engineer's progress reports must summarize the major events that occurred during that 
week. Critical problems that occur shall be communicated verbally to the Engineer immediately 
as well as being included in the weekly reports. The CQA Engineer's weekly report must be 
submitted to the Owner and Engineer no later than the Monday following the week reported. 

2.4 CQA PHOTOGRAPHIC REPORTING 

Photographs will be taken by the CQA Engineer at regular intervals during the construction 
process and in all areas deemed critical by the CQA Engineer. 

These photographs will serve as a pictorial record of work progress, problems, and mitigation 
activities. These records will be presented to the Engineer upon completion of the project. 

In lieu of photographic documentation, videotaping may be used to record work progress, 
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problems, and mitigation activities. The Engineer may require that a portion of the 
documentation be recorded by photographic means in conjunction with videotaping. 

2.5 DEFICIENCIES 

The Owner and Engineer will be made aware of any significant recurring nonconformance with 
the project specifications. The Engineer will then determine the cause of the non-conformance 
and recommend appropriate changes in procedures or specification. When this type of evaluation 
is made, the results will be documented, and any revision to procedures or project specifications 
will be approved by the Owner and Engineer. 

2.6 DESIGN AND/OR PROJECT TECHNICAL SPECIFICATION CHANGES 

Design and/or project specification changes may be required during construction. In such cases, 
the CQA Engineer will notify the Engineer. The Engineer will then notify the appropriate 
agency, if necessary. 

Design and/or project specification changes will be made only with the written agreement of the 
Engineer, and will take the form of an addendum to the project specifications. All design 
changes will include a detail (if necessary) and state which detail it replaces in the plans. 

2.7 FINAL CQA REPORT 

At the completion of each major construction activity at the landfill unit, the CQA Engineer will 
certify all required forms, observation logs, field and laboratory testing data sheets including 
sample location plans, etc. The CQA Engineer will also provide a final report which will certify 
that the work has been performed in compliance with the plans and project technical 
specifications, and that the supporting documents provide the necessary information. 

The CQA Engineer will also provide summaries of all the data listed above with the report. The 
Record Drawings will include scale drawings depicting the location of the construction and 
details pertaining to the extent of construction (e.g., depths, plan dimensions, elevations, soil 
component thicknesses, etc.). All surveying and base maps required for development of the 
Record Drawings will be done by the Contractor's Construction Surveyor. These documents will 
be certified by the Contractor and delivered to the CQA Engineer and included as part of the fmal 
CQA (Certification) report. 

It may be necessary to prepare interim certifications, as allowed by the regulatory agency to 
expedite completion and review. 

At a minimum, the items shown in Table 2.1 will be included in the Final CQA Report. Note 
that some items may not be applicable to all projects. 
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2.8 STORAGE OF RECORDS 

All handwritten data sheet originals, especially those containing signatures, will be stored by the 
CQA Engineer in a safe repository on site. Other reports may be stored by any standard method 
which will allow for easy access. All written documents will become property of the Owner. 

TABLE 2.1A: FINAL CQA REPORT GENERAL OUTLINE (LINER SYSTEM) 

1.0 Introduction 
2.0 Project Description 
3.0 CQA Program 

3 .I Scope of Services 
3.2 Personnel 

4.0 Earthwork CQA 
5.0 Soil Liner CQA 
6.0 GCLCQA 
7.0 Geomembrane CQA 
8.0 Leachate Management System CQA 
9.0 Geotextile CQA 
I 0.0 Drainage Geocomposite CQA 
11.0 Summary and Conclusions 
12.0 Project Certification 

Appendices 

Appendix A 
Appendix B 
Appendix C 
Appendix D 
Appendix E 

AppendixF 

Appendix G 

Appendix H 
Appendix I 

Design Clarifications and Modifications 
Piezometer Abandonment (if applicable) 
Geophysical Investigation (if applicable) 
Photographic Documentation 
CQA Reporting 
El. CQA Reports 
E2. CQA Meeting Minutes 
Earthwork CQA Data 
Fl. CQA Test Results- Control Tests 
F2. CQA Test Results- Record Tests 
Soil Liner CQA Data 
Gl. CQA Test Results- Control Tests 
G2. CQA Test Results -Record Tests 
Interface Shear Strength Test Data 
GCLCQAData 
Il. Manufacturer's Product Data Submittals and Quality Control 

Certificates 
12. Geosynthetics Inventory - GCL 
13. CQA Test Results- Material Control Tests 
14. GCL Installation Certification 
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TABLE 2.1A (CONTINUED): 

Appendix 1 

AppendixK 

Appendix L 

Appendix M 

Appendix N 

Geomembrane CQA Data 
11. Manufacturer's Product Data Submittals and Quality Control 

Certificates 
12. Geosynthetics Inventory- Geomembrane(s) 
13. CQA Test Results- Material Control Tests 
14. Subgrade Acceptance Certificates 
15. Trial Seam Logs 
16. Panel Placement Logs 
J7. Panel Seaming Logs 
18. CQC Test Results- Nondestructive Seam Testing Report Forms 
19. CQC Test Results- Destructive Seam Testing Report Forms 

(Field) 
110. CQA Test Results- Destructive Seam Testing Report Forms 

(Laboratory) 
Jll. Repair Logs 
112. Geomembrane Installation Certification 
Leachate Management System CQA Data 
Kl. Manufacturer's Product Data Submittals and Quality Control 

Certificates 
K2. CQA Test Results -Drainage Aggregate 
K3. CQA Test Results- Protective Cover 
K4. CQC Test Results- Pressure Testing ofHDPE Transmission 

Piping 
K5. Documentation of Pump Start Up 
Geotextile CQA Data 
Ll. Manufacturer's Product Data Submittals and Quality Control 

Certificates 
L2. Geosynthetics Inventory- Geotextiles 
L3. CQA Test Results- Material Control Tests 
Drainage Geocomposite CQA Data 
MI. Manufacturer's Product Data Submittals and Quality Control 

Certificates 
M2. Geosynthetics Inventory - Drainage Geocomposite 
M3. CQA Test Results- Material Control Tests 
Record Drawings 
Nl. Subgrade As-Built 
N2. Soil Liner As-Built 
N3. Geomembrane As-Built(s) 
N4. Leachate Collection Media As-Built 
N5. HDPE Pipe As-Built 
N6. Protective Cover As-Built 
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TABLE 2.1B: FINAL CQA REPORT GENERAL OUTLINE (FINAL COVER SYSTEM) 

1.0 Introduction 
2.0 Project Description 
3.0 CQA Program 

3.1 Scope of Services 
3.2 Personnel 

4.0 Earthwork CQA 
5.0 Final Cover System CQA 
6.0 Geomembrane CQA 
7.0 Geotextile CQA 
8.0 Drainage Geocomposite CQA 
9.0 Summary and Conclusions 
10.0 Project Certification 

Appendices 

Appendix A 
Appendix B 
Appendix C 

AppendixD 

Appendix E 

Appendix F 
Appendix G 

Design Clarifications/Modifications 
Photographic Documentation 
CQA Reporting 
Cl. CQA Reports 
C2. CQA Meeting Minutes 
Earthwork CQA Data 
D 1. CQA Test Results- Control Tests 
D2. CQA Test Results- Record Tests 
Final Cover System CQA Data 
El. Manufacturer's Product Data Submittals and Quality Control 

Certificates 
E2. CQA Test Results - Drainage Aggregate 
E3. CQA Test Results- Vegetative Soil Layer 
E4. CQC Test Results- Pressure Testing ofHDPE Piping 
Interface Shear Strength Test Data 
Geomembrane CQA Data 
Gl. Manufacturer's Product Data Submittals and Quality Control 

Certificates 
G2. Geosynthetics Inventory - Geomembrane 
G3. CQA Test Results- Material Control Tests 
G4. Subgrade Acceptance Certificates 
GS. Trial Seam Logs 
G6. Panel Placement Logs 
G7. Panel Seaming Logs 
G8. CQC Test Results- Nondestructive Seam Testing Report Forms 
G9. CQC Test Results- Destructive Seam Testing Report Forms 

(Field) 
G 10. CQA Test Results- Destructive Seam Testing Report Forms 

(Laboratory) 
G 11. Repair Logs 
G 12. Geomembrane Installation Certification 
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TABLE 2.18 (CONTINUED): 

Appendix H Geotextile CQA Data 
HI. Manufacturer's Product Data Submittals and Quality Control 

Certificates 
H2. Geosynthetics Inventory - Geotextiles 
H3. CQA Test Results- Material Control Tests 

Appendix I Drainage Geocomposite CQA Data 
Il. Manufacturer's Product Data Submittals and Quality Control 

Certificates 
12. Geosynthetics Inventory- Drainage Geocomposite 
I3. CQA Test Results- Material Control Tests 

Appendix J Record Drawings 
Jl Subgrade As-Built 
J2 Geomembrane As-Built 
J3 HDPE Pipe As-Built 
J4 Vegetative Soil Layer As-Built 
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3.1 INTRODUCTION 

SECTION3.0 
EARTHWORK CQA 

This section of the CQA Manual addresses earthwork (excavation and embankment) and outlines 
the soils CQA program to be implemented with regard to material approval, subgrade approval, 
field control and record tests, and resolution of problems. 

3.2 EMBANKMENT MATERIAL APPROVAL 

All material to be used as compacted embankment shall be approved in advance by the CQA 
Engineer. Approval is based upon successful completion of CQA control testing outlined below. 
Such testing can be performed either during excavation and stockpiling or from existing 
stockpiles prior to use. 

3.2.1 Control Tests 

The procedure for CQA testing during excavation and stockpiling (including existing 
stockpiles) is outlined below. 

Each load of soil will be examined either at the borrow source or the stockpile area. Any 
unsuitable material will be rejected or routed to separate stockpiles consistent with its end 
use. Appropriate entries will be made in the daily log. 

During stockpiling operations, control tests, as shown on Table 3.1, will be performed by 
the CQA Engineer prior to placement of any compacted embankment. 

3.3 SUBGRADE APPROVAL 

The CQA Engineer will verify that the compacted embankment sub grade is constructed in 
accordance with the project specifications. 

3.4 EARTHWORK CONSTRUCTION 

3.4.1 Construction Monitoring 

A. Earthwork shall be performed as described in the project specifications. 

B. Only soil previously approved by the CQA Engineer (see Section 3.2) shall be used 
in construction of the compacted embankment. Unsuitable material will be 
removed prior to acceptance by the CQA Engineer. 

C. All required field density and moisture content tests shall be completed before the 
overlying lift of soil is placed. The surface preparation (e.g. wetting, drying, 
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scarification, etc.) shall be completed before the CQA Engineer will allow 
placement of subsequent lifts. 

D. The CQA Engineer will monitor protection of the earthwork during and after 
construction. 

3.4.2 Control Tests 

The control tests, as shown on Table 3.2, will be performed by the CQA Engineer prior to 
placement of compacted embankment. 

3.4.3 Record Tests 

The record tests, as shown on Table 3.2, will be performed by the CQA Engineer during 
placement of compacted embankment. 

3.4.3.1 Record Test Failure 

Recompaction of the failed area shall be performed and retested until the area meets 
or exceeds requirements outlined in the specifications. 

3.4.4 Judgmental Testing 

During construction, the frequency of control and/or record testing may be increased at the 
discretion of the CQA Engineer when visual observations of construction performance 
indicate a potential problem. Additional testing for suspected areas will be considered 
when: 

• the rollers slip during rolling operation; 
• the lift thickness is greater than specified; 
• the fill material is at an improper moisture content; 
• fewer than the specified number of roller passes are made; 
• dirt-clogged rollers are used to compact the material; 
• the rollers may not have used optimum ballast; 
• the fill materials differ substantially from those specified; or 
• the degree of compaction is doubtful. 

3.5 DEFICIENCIES 

The CQA Engineer will immediately determine the extent and nature of all defects and 
deficiencies and report them to the Owner and Engineer. All defects and deficiencies will be 
documented by the CQA Engineer. The Contractor shall correct defects and deficiencies to the 
satisfaction of the CQA Engineer. The CQA Engineer will observe all retests on repaired 
defects. 
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TABLE 3.1: CQA TESTING PROGRAM FOR EMBANKMENT 
MATERIAL APPROVAL 

PROPERTY TEST MINIMUM TEST 
METHOD FREQUENCY 

CONTROL TESTS: 

Visual Classification ASTMD2488 Each Soil 

Moisture-Density Relationship ASTMD698 5,000 CY 
per Each Soil 

TABLE 3.2: CQA TESTING PROGRAM FOR COMPACTED EMBANKMENT 

PROPERTY TEST MINIMUM TEST 
METHOD FREQUENCY 

CONTROL TESTS: (See Table 3.1) 

RECORD TESTS: 

Lift Thickness ----- Each Lift 

In-Place Density ASTMD6938 1 20,000 if per lift & 
1 per 500 LF/lift of Berms 

( < 200 ft. base width) 

Moisture Content ASTMD 69382 20,000 ft2 per lift & 
1 per 500 LF/lift of Berms 

( < 200 ft. base width) 

Notes: 

1. Optionally use ASTM D 1556, ASTM D 2167, or ASTM D 2937. For every 10 
nuclear density tests perform at least 1 density test by ASTM D 1556, ASTM D 
2167, or ASTM D 2937 as a verification of the accuracy of the nuclear testing 
device. 

2. Optionally use ASTM D 2216, ASTM D 4643, or ASTM D 4959. For every 10 
nuclear moisture tests perform at least 1 moisture test by ASTM D 2216, ASTM D 
4643, or ASTM D 4959 as a verification of the accuracy of the nuclear testing 
device. 
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4.1 INTRODUCTION 

SECTION 4.0 
SOIL LINER CQA 

This section of the CQA Manual addresses the soil liner component of the liner system and 
outlines the soils CQA program to be implemented with regard to material approval, subgrade 
approval, test fill construction, field and laboratory control and record tests, and resolution of 
problems. 

4.2 SOIL LINER MATERIAL APPROVAL 

All material to be used as soil liner shall be approved in advance by the CQA Engineer. 
Approval is based upon successful completion ofCQA control testing outlined below. Such 
testing can be performed either during excavation and stockpiling or from existing stockpiles 
prior to use. 

4.2.1 Control Tests 

The procedure for CQA testing during excavation and stockpiling (including existing 
stockpiles) is outlined below. 

Each load of soil will be examined either at the borrow source or the stockpile area. Any 
unsuitable material will be rejected or routed to separate stockpiles consistent with its end 
use. Appropriate entries will be made in the daily log. 

During stockpiling operations, control tests, as shown on Table 4.1, will be performed by 
the CQA Engineer prior to placement of any soil liner material. 

4.3 SUBGRADE APPROVAL 

The CQA Engineer will verify that the soil liner subgrade is constructed in accordance with the 
project specifications. 

4.4 TEST FILL CONSTRUCTION 

A test fill meeting the requirements of the project specifications will be constructed using the 
same construction methods, equipment, and material to be used for the soil liner component. 
The test fill construction will be conducted prior to or coincide with the beginning of 
construction of the soil liner component. 

Construction equipment and methods will be reviewed by the CQA Engineer prior to test fill 
placement. 
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4.4.1 Control Tests 

The control tests, as shown on Table 4.2, will be performed by the CQA Engineer prior to 
placement of soil liner material in the test fill. 

4.4.2 Record Tests 

The record tests, as shown on Table 4.2, will be performed by the CQA Engineer during 
placement of soil liner material in the test fill. 

4.4.3 Test Fill Completion 

The test fill program is completed when the Contractor has shown that the soil liner 
constructed using the same construction methods, equipment, and material to be used in 
construction of the soil liner will satisfy project specifications. No soil liner can be placed 
until the test fill program is completed. 

4.5 SOIL LINER CONSTRUCTION 

4.5.1 Construction Monitoring 

A. Soil liner shall be placed as described in the applicable section(s) of the project 
specifications using the construction methods, equipment, and material 
demonstrated in the test fill construction. 

B. Only soil previously approved by the CQA Engineer (see Section 4.2) shall be used 
in construction of the soil liner. Unsuitable material will be removed prior to 
acceptance by the CQA Engineer. 

C. All required field density and moisture content tests shall be completed before the 
overlying lift of soil is placed. The surface preparation (e.g. wetting, drying, 
scarification, etc.) shall be completed before the CQA Engineer will allow 
placement of subsequent lifts. 

D. The CQA Engineer will monitor protection of the soil liner during and after 
construction. 

E. The liner surface shall be sprinkled with water as needed to prevent desiccation. 
Should desiccation occur, the last lift shall be reconstructed in accordance with the 
project specifications. Standing water should not be present on the soil liner. 

F. Frost heave or other damage due to freezing shall require lift reconstruction in 
accordance with the project specifications. 

G. The CQA Engineer will inspect the soil liner and certify that it is in accordance with 
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the project specifications and approved plans prior to the Contractor beginning 
installation of overlying geosynthetics. 

H. The finished soil liner shall be free of all rock protrusions. All cracks and voids 
shall be filled and the surface made uniform. This shall be accomplished by final 
dressing of the soil liner with smooth-drum rollers and hand raking. No rubber tired 
vehicles are permitted on the final dressed surface unless authorized by the CQA 
Engineer. 

L The surface on which the overlying geosynthetics are to be placed shall be 
maintained in a firm, clean, and smooth condition and shall be within the acceptable 
moisture range before and during the geosynthetics installation. 

4.5.2 Control Tests 

The control tests, as shown on Table 4.3, will be performed by the CQA Engineer prior to 
placement of soil liner material. 

4.5.3 Record Tests 

The record tests, as shown on Table 4.3 and as described below, will be performed by the 
CQA Engineer during placement of soil liner material. 

A. Each lift will be checked visually for soil clods, rocks, debris, plant materials and 
other foreign material. Any such material which does not meet specified 
requirements shall be identified and removed prior to and during the compaction 
process. 

B. The thickness of the loose lift will be measured at random locations after spreading 
and leveling is completed. Loose lift thickness should not exceed the depth of 
penetration of the compaction feet. 

C. Moisture content will be monitored by the CQA Engineer prior to compaction. If 
the soil is drier than the specified minimum moisture content, water will be added 
and the lift will be disced to distribute the moisture evenly. 

Results of testing will be certified within 7 days of soil liner placement. 

4.5.3.1 Record Test Failure 

The following procedures shall be used in the event of density or hydraulic 
conductivity test failure: 

A. Failed Density Test: Recompaction of the failed area shall be performed 
and retested until the area meets or exceeds requirements outlined in the 
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specifications. 

B. Failed Hydraulic Conductivity Test: The area of failure shall be localized 
and reconstructed in accordance with the project specifications. This area 
will be retested as outlined within the plan by the CQA Engineer. 
Optionally, at least five replicate samples shall be obtained and tested by 
the Contractor in the immediate vicinity of the failed test. If all five 
samples pass, then the initial failing test will be discounted. However, 
should the replicate samples confirm the failure of the soil liner to meet 
specifications, the area of failure shall be localized, reconstructed, and 
retested as described above. 

4.5.4 Judgmental Testing 

During construction, the frequency of control and/or record testing may be increased at the 
discretion of the CQA Engineer when visual observations of construction performance 
indicate a potential problem. Additional testing for suspected areas will be considered 
when: 

• the rollers slip during rolling operation; 
• the lift thickness is greater than specified; 
• the fill material is at an improper moisture content; 
• fewer than the specified number of roller passes are made; 
• dirt-clogged rollers are used to compact the material; 
• the rollers may not have used optimum ballast; 
• the fill materials differ substantially from those specified; or 
• the degree of compaction is doubtful. 

4.5.5 Perforations In Soil Liner 

All holes shall be patched with compacted soil liner (if allowed by the project 
specifications) or sodium bentonite compacted and hydrated in the holes. 

4.6 DEFICIENCIES 

The CQA Engineer will immediately determine the extent and nature of all defects and 
deficiencies and report them to the Owner and Engineer. All defects and deficiencies will be 
documented by the CQA Engineer. The Contractor shall correct defects and deficiencies to the 
satisfaction of the CQA Engineer. The CQA Engineer will observe all retests on repaired 
defects. 
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TABLE 4.1: CQA TESTING PROGRAM FOR SOIL LINER MATERIAL APPROVAL 

PROPERTY 

CONTROL TESTS: 

Visual Classification 

Moisture Content 

Grain Size Analysis 

Atterberg Limits 

Moisture-Density Relationship 

Hydraulic Conductivity- Lab 
Remolded 
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TEST 
METHOD 

ASTMD2488 

ASTM D 2216 

ASTMD422 

ASTM D 4318 

ASTMD698 

ASTMD 50843 

MINIMUM TEST 
FREQUENCY 

Each Soil 

2,000 CY 
per Each Soil 

2,000 CY 
per Each Soil 

2,000 CY 
per Each Soil 

5,000 CY 
per Each Soil 

10,000 CY 
per Each Soil 
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TABLE 4.2: CQA TESTING PROGRAM FOR SOIL LINER TEST FILL 

PROPERTY 

CONTROL TESTS: (See Table 4.1) 

Moisture-Density Relationship 

Hydraulic Conductivity- Lab 
Remolded 

RECORD TESTS: 

Lift Thickness 

Atterberg Limits 

Grain Size Analysis 

In-Place Density 

Moisture Content 

Hydraulic Conductivity- Undisturbed 
(Shelby Tube) 
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TEST 
METHOD 

ASTM D 50843
'
4 

ASTM D 4318 

ASTM D 69382 

ASTM D 69383 

MINIMUM TEST 
FREQUENCY 

1 per lift 

1 per lift 

Each Lift 

1 per lift 

1 per lift 

3 per lift 

3 per lift 

1 per lift 
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TABLE 4.3: CQA TESTING PROGRAM FOR SOIL LINER 

PROPERTY TEST MINIMUM TEST 
METHOD FREQUENCY 

CONTROL TESTS: (See Table 4.1) 

RECORD TESTS: 

Lift Thickness ----- Each Lift 

In-Place Density 1 10,000 ft2 per lift 

Moisture Content ASTM D69382 10,000 ft2 per lift 

Hydraulic Conductivity- Undisturbed ASTM D 50843 80,000 ft2 per lift 
(Shelby Tube) 

Notes: 

1. Optionally use ASTM D 1556, ASTM D 2167, or ASTM D 2937. For every 10 
nuclear density tests perform at least 1 density test by ASTM D 1556, ASTM D 
2167, or ASTM D 2937 as a verification of the accuracy of the nuclear testing 
device. 

2. Optionally use ASTM D 2216, ASTM D 4643, or ASTM D 4959. For every 10 
nuclear moisture tests perform at least 1 moisture test by ASTM D 2216, ASTM D 
4643, or ASTM D 4959 as a verification of the accuracy of the nuclear testing 
device. 

3. Maximum effective confining pressure and hydraulic gradient as required by the 
project specifications. Backpressure as recommended by ASTM D 5084. 

4. These tests performed on the test fill may count toward the minimum frequencies 
established in Table 4.1. 
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5.1 INTRODUCTION 

SECTION 5.0 
GEOMEMBRANE CQA 

This section of the CQA Manual addresses the geomembrane components of the liner and final 
cover systems and outlines the CQA program to be implemented with regard to manufacturer and 
installer approval, material approval, subgrade approval, field and laboratory control and record 
tests, repairs, and resolution of problems. 

5.2 GEOMEMBRANE MANUFACTURER AND INSTALLER APPROVAL 

The Contractor shall submit the qualifications of the Geomembrane Manufacturer and the 
Geomembrane Installer, as described in the specifications, to the CQA Engineer for approvaL 

5.3 GEOMEMBRANE MATERIAL APPROVAL 

5.3.1 Geomembrane Product Data 

The CQA Engineer will review the Contractor's submittals for conformance with the 
project specifications. 

5.3.2 Shipment And Storage 

During shipment and storage, all geomembrane will be protected as required by the project 
specifications. The CQA Engineer will observe rolls upon delivery at the site. 

5.3.3 Quality Control Certificates 

Upon delivery, the CQA Engineer will: 

• verify that the Manufacturer's quality control certificates have been 
provided at the specified frequency and that each certificate identified the 
rolls or sheets related to it; and 

• review the Manufacturer's quality control certificates and verify that the 
certified properties meet the project technical specifications. 

5.3.4 Material Control Tests 

Samples for material control tests, as shown on Table 5.1, will be obtained by the CQA 
Engineer at the indicated frequencies upon delivery of the geomembrane. Alternatively, 
samples may be randomly obtained at the manufacturing site by the CQA Engineer or 
representatives of the Geosynthetics CQA Laboratory. 
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Unless otherwise specified, samples will be 3 feet long by the roll or sheet width. The 
CQA Engineer will mark the machine direction on the samples with an arrow. 

All material control tests will be performed by the Geosynthetics CQA Laboratory. 

All control test results must be available at the site prior to the deployment of all 
geomembrane. The CQA Engineer will examine all results from laboratory conformance 
testing. 

5.3.4.1 Material Control Test Failure 

The following procedure will apply whenever a sample fails a material control test: 

A. The Geomembrane Installer will replace the roll or sheet of geomembrane 
that is in nonconformance with the project specifications with a roll or 
sheet that meets project specifications. 

B. The Geomembrane Installer will remove conformance samples for testing 
by the Geosynthetics CQA Laboratory from the closest numerical roll or 
sheet on both sides of the failed roll or sheet. These two samples must 
both conform to project specifications. If either of these samples fail, then 
the next numerical roll or sheet will be tested until a passing roll or sheet is 
found. This additional conformance testing will be at the expense of the 
Geomembrane Installer. If either of the two closest rolls or sheets fail, the 
Engineer will dictate the frequency of additional testing. 

The CQA Engineer will document actions taken in conjunction with material 
control test failures. 

5.4 GEOMEMBRANE INSTALLATION 

5.4.1 Handling 

The Geosynthetic Installer will handle all geomembrane in such a manner as required by 
the project specifications. 

5.4.2 Earthwork 

5.4.2.1 Surface Preparation 

The Geomembrane Installer will certify in writing that the surface on which the 
geomembrane will be installed meets line and grade, and the surface preparation 
requirements of the project specifications. The certificate of acceptance will be 
given to the CQA Engineer prior to commencement of geomembrane installation in 
the area under consideration. The CQA Engineer will give a copy of this certificate 
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to the Engineer. 

To ensure a timely covering of the subgrade (or soil liner) surface, the Engineer may 
allow subgrade acceptance in areas as small as one acre. After the supporting soil 
has been accepted by the Geomembrane Installer, it will be the Geomembrane 
Installer's responsibility to indicate to the Engineer and CQA Engineer any change 
in the supporting soil condition that may require repair work. If the CQA Engineer 
concurs with the Geomembrane Installer, then the Engineer will ensure that the 
supporting soil is repaired. 

5.4.2.2 Anchorage System 

The CQA Engineer will verify that anchor trenches have been constructed and 
backfilled according to project specifications and design drawings. 

5.4.3 Geomembrane Placement 

5.4.3.1 Field Panel Identification 

The CQA Engineer will document that the Geomembrane Installer labels each field 
panel with an "identification code" (number or letter-number consistent with the 
layout plan) agreed upon by the Geomembrane Installer and CQA Engineer at the 
Geosynthetics CQA Meeting (see Section 1.7.2). 

The Geomembrane Installer will establish a table or chart showing correspondence 
between roll or sheet numbers and field panel identification codes. This 
documentation shall be submitted to the CQA Engineer weekly for review and 
verification. The field panel identification code will be used for all quality control 
and quality assurance records. 

5.4.3.2 Field Panel Placement 
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5.4.3.2.1 

5.4.3.2.2 

Location: The CQA Engineer will verify that field panels 
are installed at the location indicated in the Geomembrane 
Installer's layout plan, as approved or modified in Section 
5.4.3.1. 

Installation Schedule: The CQA Engineer will evaluate 
every change in the schedule proposed by the 
Geomembrane Installer and advise the Engineer on the 
acceptability of that change. 

The CQA Engineer will record the identification code, 
location, and date of installation of each field panel. 
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5.4.3.2.3 

5.4.3.2.4 

5.4.4 Field Seaming 

5.4.4.1 Seam Layout 

Placement of Geomembrane: The CQA Engineer will 
verify that project specification related restrictions on 
placement of geomembrane are fulfilled. Additionally, the 
CQA Engineer will verify that the supporting soil has not 
been damaged by weather conditions. 

Damage: The CQA Engineer will visually observe each 
panel, after placement and prior to seaming, for damage. 
The CQA Engineer will advise the Engineer which panels, 
or portion of panels, should be rejected, repaired, or 
accepted. Damaged panels or portions of damaged panels 
which have been rejected will be marked and their removal 
from the work area recorded by the CQA Engineer. 
Repairs will be made according to procedures described in 
this section. 

As a minimum, the CQA Engineer will document that: 

• the panel is placed in such a manner that it is 
unlikely to be damaged; and 

• any tears, punctures, holes, thin spots, etc. are either 
marked by the Geomembrane Installer for repair or 
the panel is rejected. 

The Geomembrane Installer will provide the CQA Engineer with a seam layout 
drawing, i.e., a drawing of the area to be lined showing all expected seams. The 
CQA Engineer and Engineer will review the seam layout drawing and verify that it 
is consistent with the accepted state of practice and this CQA Manual. 

A seam numbering system compatible with the panel numbering system will be 
agreed upon at the Geosynthetics CQA Meeting (see Section 1.7.2). An on-going 
written record of the seams and repair areas shall be maintained by the 
Geomembrane Installer with weekly review by the CQA Engineer. 

5.4.4.2 Requirements of Personnel 

The Geomembrane Installer will provide the CQA Engineer with a list of proposed 
seaming personnel and their experience records. This document will be reviewed 
by the CQA Engineer for compliance with project specifications. 
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5.4.4.3 Seaming Eguipment and Products 

Field seaming processes must comply with project specifications. Proposed 
alternate processes will be documented and submitted to the Engineer and CQA 
Engineer for their approval. Only seaming apparatus which have been specifically 
approved by make and model will be used. The CQA Engineer will submit all 
documentation to the Engineer for his concurrence. 

5.4.5 Field Seam Control Tests 

5.4.5.1 Trial Seams 

A. Prior to production seaming, after four ( 4) hours of continuous seaming, 
and/or when significant changes in geomembrane or ambient temperature 
occurs, the Geomembrane Installer shall perform trial seams to verify that 
seaming conditions and procedures are adequate. Trial seams shall be 
performed by each operator of extrusion welders and by the primary 
operator of each wedge welder using seaming equipment to be used in 
production seaming. 

B. Trial seams shall be made on appropriate sized pieces of identical or 
equivalent geomembrane material. 

C. Hot wedge trial seams shall be approximately 72" x 12" with the seam 
centered lengthwise. Extrusion fillet trial seams shall be approximately 
36" x 12" with the seam centered lengthwise. A minimum of four coupons 
shall be tested in peel and shear (two each) (ASTM D 6392) by the 
Geomembrane Installer using a field tensiometer. All coupons shall meet 
the minimum seam strength requirements as shown in the project 
specifications. 

D. Each trial seam shall be assigned a number and the test results recorded in 
the appropriate log by the Geomembrane Installer. The CQA Engineer 
will observe all trial seams and compile all trial seam logs. 

5.4.6 Field Seam Record Tests 

5.4.6.1 Nondestructive Seam Continuity Testing 

The Geomembrane Installer shall test and document all seams continuously over 
their full length using one ofthe following nondestructive seam tests. This testing 
shall be performed simultaneously with geomembrane deployment as the work 
progresses and not at the completion of all field seaming. 

A. Vacuum Testing shall conform to ASTM D 5641 requirements. 
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B. Air Pressure Testing (for double seam with an enclosed space) shall 
conform to ASTM D 5820 requirements and the requirements listed in 
Table 5.2. 

The CQA Engineer will observe the nondestructive testing on a full time basis to 
ensure conformance with this CQA Manual and the project specifications. 

5.4.6.2 Field Destructive Seam Testing 

A. The Geomembrane Installer shall obtain 12" x 30" (or longer as needed) 
samples of field seams with the seam centered lengthwise, suitable for 
testing, at an average frequency of one sample per 500 linear feet of seam. 
The sample shall be cut into two equal-length pieces, one for field 
destructive seam testing by the Geosynthetics Installer and one given to the 
CQA Engineer as an archive sample. The date, time, equipment, seam 
number, and seaming parameters will be marked on each sample and 
recorded by the CQA Engineer. 

B. The Geomembrane Installer shall perform and document field destructive 
seam testing using a field tensiometer. A minimum of five coupons each 
will be tested in peel and shear (ASTM D 6392). Coupons shall meet the 
minimum seam strength requirements as shown in the project 
specifications. 

C. The CQA Engineer or the Owner may require additional random samples 
to be taken for testing in areas which visually appear defective and not in 
accordance with the project requirements. 

D. All holes in the geomembrane resulting from destructive seam sampling 
shall be immediately repaired in accordance with repair procedures 
described in this manual. 

5.4.6.3 Geosynthetics CQA Laboratory Destructive Testing 

A. The Geomembrane Installer shall obtain 12" x 30" (or longer as needed) 
samples of field seams with the seam centered lengthwise, suitable for 
testing, at an average frequency of one sample per day to confirm field 
destructive seam tests. The sample shall be cut into two equal-length 
pieces, both to be given to the CQA Engineer for laboratory destructive 
seam testing and as an archive sample. The date, time, equipment, seam 
number, and seaming parameters will be marked on each sample and 
recorded by the CQA Engineer. 

B. Laboratory destructive test samples will be packaged and shipped to the 
Geosynthetics CQA Laboratory by the CQA Engineer in a manner that 
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will not damage the test sample. 

C. A minimum of five coupons each will be tested in peel and shear (ASTM 
D 6392) by the Geosynthetics CQA Laboratory. Coupons shall meet the 
minimum seam strength requirements as shown in the project 
specifications. 

D. All geomembrane destructive test samples that fail to meet project 
specifications will be saved and sent to the CQA Engineer for observation. 

E. The CQA Engineer will review laboratory test results as soon as they 
become available. 

5.4.6.4 Field Seam Record Test Failure 

For noncomplying tests, the CQA Engineer will: 

• observe continuity testing of the repaired areas performed by the 
Geomembrane Installer; 

• confirm the record location, date, test unit number, name of tester, and 
compile the record of testing provided by the Geomembrane Installer; 

• provide a walk-through inspection of all impacted seam areas and verifY 
that the areas have been tested in accordance with the CQA Manual and 
project specifications; and 

• verifY that the Geomembrane Installer has marked repair areas with the 
appropriate color-coded marking pencil. 

5.4.6.5 Defining Extent of Field Seam Record Test Failure 

All defective seam test failures must be bounded by acceptable destructive tests. 
The CQA Engineer will document repair actions taken in conjunction with all seam 
test failures. 

5.4.7 Repairs & Verification 

5.4.7.1 Repair Procedures 

A All repair procedures shall be in accordance with the project 
specifications. The CQA Engineer will observe all repair procedures. 

B. All surfaces shall be clean and dry at the time of the repair. 
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C. After an extrusion seam is made, no more than ~ inch of abrasion shall be 
visible beyond the weld. 

5.4.7.2 Repair Verification 

A. Each repair shall be numbered and logged by the Geomembrane Installer. 

B. Each repair shall be non-destructively tested by the Geomembrane Installer 
using the methods described above. Repairs which pass non-destructive 
testing shall be taken as an indication of an adequate repair. 

C. Repairs more than 150 feet long may be of sufficient length to require 
destructive test sampling, at the discretion of the CQA Engineer. A failed 
test indicates that the repair shall be redone and retested until passing test 
results are achieved. 

5.5 LINER SYSTEM ACCEPTANCE 

The geomembrane component of the liner system will be accepted by the Owner when: 

• the installation is finished; 

• verification of the adequacy of all seams and repairs, including associated testing, is 
complete; 

• CQA Engineer provides the Engineer with a final copy of the nondestructive test 
documentation, repair information, and as-built drawings, as submitted by the 
Geomembrane Installer; 

• CQA Engineer provides the Engineer with a certification, submitted by the 
Geomembrane Installer that the geomembrane was installed in accordance with the 
Geomembrane Manufacturer's recommendations as well as the project drawings and 
project specifications; and 

• all documentation of the installation is completed including the CQA Engineer's 
final report. 

5.6 MATERIALS IN CONTACT WITH GEOMEMBRANES 

The quality assurance procedures indicated in this subsection are only intended to assure that the 
installation of these materials does not damage the geomembrane. All reasonable measures to 
protect the geomembrane and provide additional quality assurance procedures are necessary to 
assure that systems built with these materials will be constructed to ensure proper performance. 
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5.6.1 Soils 

Prior to placement, the CQA Engineer will visually confirm that all soil materials to be 
placed against the geomembrane comply with project specifications. The Geomembrane 
Installer will provide the CQA Engineer a written surface acceptance certificate in 
accordance with Section 5.4.2. All soil materials shall be placed and compacted in 
accordance with project specifications. 

5.6.2 Sumps and Appurtenances 

The CQA Engineer will verify that: 

• installation of the geomembrane in appurtenance areas, and connection of 
the geomembrane to appurtenances have been made according to the 
project specifications; 

• extreme care is taken while seaming around appurtenances since neither 
nondestructive nor destructive testing may be feasible in these areas; and 

• the geomembrane or appurtenances have not been visibly damaged while 
making connections to appurtenances. 

5.7 DEFICIENCIES 

The CQA Engineer will immediately determine the extent and nature of all defects and 
deficiencies and report them to the Owner and Engineer. All defects and deficiencies will be 
documented by the CQA Engineer. The Contractor shall correct defects and deficiencies to the 
satisfaction of the CQA Engineer. The CQA Engineer will observe all retests on repaired 
defects. 
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TABLE 5.1: CQA TESTING PROGRAM FOR GEOMEMBRANE 
MATERIAL APPROVAL 

PROPERTY TEST METHOD 

Thickness ASTM D 5199/D 5994 

Density ASTM D 1505/D 792 

Carbon Black Content ASTMD 1603 

Carbon Black Dispersion ASTMD 5596 

Tensile Properties: ASTM D 6693 (Type IV) 

Tensile Strength at Yield 

Tensile Strength at Break 

Elongation at Yield 

Elongation at Break 

Tear Resistance ASTMD 1004 

Notes: 

1. Whichever provides the larger number of tests. 
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TEST FREQUENCY 

100,000 ft2 or 
1 per Lot1 

100,000 ft2 or 
1 per Lot1 

100,000 ft2 or 
1 per Lot1 

100,000 ft2 or 
1 per Lot1 

100,000 ft2 or 
1 per Lot1 

100,000 ft2 or 
1 per Lot1 

1 00,000 ft2 or 
1 per Lot1 

100,000 ft2 or 
1 per Lot1 

100,000 ft2 or 
1 per Lot1 
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TABLE 5.2 AIR PRESSURE TEST REQUIREMENTS 

MATERIAL 

30 Mil LLDPE 

> 60 MilHDPE 
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MIN. PRESSURE (PSI) 

15 

25 

MAX. PRESSURE DROP 
(PSI) AFTER 
5MINUTES 

3 

3 
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SECTION 6.0 
LEACHATE MANAGEMENT SYSTEM CQA 

6.1 INTRODUCTION 

This section of the CQA Manual addresses the components of the leachate management system 
including components ofthe leachate collection system (LCS) (drainage aggregate, collection 
pipe, protective cover, and geosynthetic rain cover), leak detection system (LDS) (Phase 4A 
only), and the leachate transmission and storage system (sumps, transmission piping, manholes, 
valves, etc.). By reference to Sections 7.0 and 8.0 of this CQA Manual, this section also 
addresses the geotextiles and drainage geocomposite that are components of the LCS. This 
section outlines the CQA program to be implemented with regard to material approval, 
construction monitoring, and resolution of problems. 

6.2 LEACHATE MANAGEMENT SYSTEM MATERIAL APPROVAL 

The CQA Engineer will verifY that the following are provided and installed in accordance with 
the project drawings, specifications, and this CQA Manual. 

6.2.1 Coarse Aggregate (Drainage Aggregate) 

A. Receipt of Contractor's submittals on coarse aggregate. 

B. Review of submittals for coarse aggregate for conformity to the project 
specifications. 

C. VerifY that coarse aggregate in stockpiles or at borrow sources conforms to the 
project specifications. 

D. Conduct material control tests in accordance with Table 6.1. 

6.2.2 Leachate Collection Media (Drainage Aggregate) 

A. Receipt of Contractor's submittals on leachate collection media. 

B. Review of submittals for leachate collection media for conformity to the project 
specifications. 

C. VerifY that collection media in stockpiles or at borrow sources conforms to the 
project specifications. 

D. Conduct material control tests in accordance with Table 6.1. 
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6.2.3 High Density Polyethylene (HDPE) Pipe 

A. Receipt of Contractor's submittals on HDPE pipe. 

B. Review of submittals for HDPE pipe for conformity to the project specifications. 

6.2.4 Geotextiles (VerifY for each type ofGeotextile) 

The CQA program for geotextiles is presented in Section 7.0 of this CQA Manual. 

6.2.5 Drainage Geocomposite 

The CQA program for drainage geocomposite is presented in Section 8.0 of this CQA 
Manual. 

6.2.6 Protective Cover 

A. Review the proposed source of protective cover for conformance with the project 
specifications. 

B. Conduct material control tests in accordance with Table 6.1. 

6.2.7 Geosynthetic Rain Cover 

A. Receipt of Contractor's submittals on Geosynthetic Rain Cover. 

B. Review of submittals for Geosynthetic Rain Cover for conformity to the project 
specifications. 

6.2.8 Sumps/Manholes/Leachate Storage 

A. Receipt of Contractor's submittals on sumps/manholes/leachate storage. 

B. Review of submittals for sumps/manholes/leachate storage for conformity to the 
project specifications. 

6.2.9 Valves 

A. Receipt of Contractor's submittals on valves. 

B. Review of submittals for valves for conformity to the project specifications. 
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6.3 LEACHATE MANAGEMENT SYSTEM INSTALLATION 

6.3.1 Leachate Collection System (LCS) 

The CQA Engineer will allow installation of the LCS to proceed only after he has been 
provided certification of the installed HDPE geomembrane. 

The CQA Engineer will monitor and document the construction of all LCS components for 
compliance with the project specifications. Monitoring the construction work includes the 
following: 

• monitoring the minimum vertical buffer maintained between field 
equipment and the geomembrane; 

• monitoring that the placement of the LCS components does not fold or 
damage the geomembrane or other underlying layers; and 

• witness and verify the installation of collection piping and gravel columns. 

6.3.2 Leachate Transmission and Storage System 

The CQA Engineer will monitor and document the construction of all leachate transmission 
and storage system components for compliance with the project specifications. Monitoring 
the construction work includes the following: 

• witness and verify the installation of transmission piping; 

• witness and verify the leak testing of transmission piping; and 

• witness and verify the leak testing of manholes, etc. (where applicable). 

6.4 DEFICIENCIES 

The CQA Engineer will immediately determine the extent and nature of all defects and 
deficiencies and report them to the Owner and Engineer. All defects and deficiencies will be 
documented by the CQA Engineer. The Contractor shall correct defects and deficiencies to the 
satisfaction of the CQA Engineer. The CQA Engineer will observe all retests on repaired 
defects. 
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TABLE 6.1: CQA TESTING PROGRAM FOR LEACHATE MANAGEMENT SYSTEM 

COMPONENT PROPERTY TEST MINIMUM 
METHOD TEST 

FREQUENCY 

CONTROL TESTS: 

Coarse Aggregate: Gradation ASTMC 136 5,000 CY 

Carbonate Content ASTMD3042 1 per source 

Leachate Collection Media: Gradation ASTM C 136 ,000 CY 

Permeability1 ASTMD2434 1G,GOO CY 

Carbonate Content ASTMD 3042 1 per source 

Protective Cover: Visual ASTMD2488 Each Load 
(Soil Only- See Note 2) Classification 

Grain Size ASTMD422 5,000 CY 
Analysis per Each Soil 

1. Option for Failed Permeability Test: 
In the case of a failed permeability test value within 20% of the specified value, an 
additional three tests may be run on the proposed material. If all three tests pass, 
then the results from the first test can be discounted. Otherwise a different material 
or material from a different source shall be submitted. The cost for additional 
testing shall be borne solely by the Contractor. 

2. If protective cover consists of additional leachate collection media, perform control 
tests in accordance with the requirements for leachate collection media. 
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7.1 INTRODUCTION 

SECTION7.0 
GEOTEXTILE CQA 

This section of the CQA Manual addresses geotextiles and outlines the CQA program to be 
implemented with regard to material approval, material control tests, repairs, and resolution of 
problems. 

7.2 GEOTEXTILE MATERIAL APPROVAL 

7.2.1 Geotextile Product Data 

For each type of geotextile to be used, the CQA Engineer will review the Contractor's 
submittals for conformance with the project specifications. 

7 .2.2 Shipment And Storage 

During shipment and storage, all geotextiles will be protected as required by the project 
specifications. The CQA Engineer will observe rolls upon delivery at the site. 

7 .2.3 Quality Control Certificates 

Upon delivery, the CQA Engineer will: 

• verify that the Manufacturer's quality control certificates have been 
provided at the specified frequency and that each certificate identified the 
rolls related to it; and 

• review the Manufacturer's quality control certificates and verify that the 
certified properties meet the project technical specifications. 

7.2.4 Geotextile Material Control Tests 

Samples for material control tests, as shown on Table 7.1, will be obtained by the CQA 
Engineer at the indicated frequencies upon delivery of the geotextiles. Alternatively, 
samples may be randomly obtained at the manufacturing site by the CQA Engineer or 
representatives of the Geosynthetics CQA Laboratory. 

Unless otherwise specified, samples will be 3 feet long by the roll width. The CQA 
Engineer will mark the machine direction on the samples with an arrow. 

All material control tests will be performed by the Geosynthetics CQA Laboratory. 

All test results must be available at the site prior to the deployment of all geotextiles. The 
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CQA Engineer will examine all results from laboratory testing. 

7.2.4.1 Material Control Test Failure 

The following procedure will apply whenever a sample fails a material control test: 

A. The Geosynthetic Installer will replace the roll of geotextile that is in 
nonconformance with the project specifications with a roll that meets 
project specifications. 

B. The Geosynthetic Installer will remove samples for testing by the 
Geosynthetics CQA Laboratory from the closest numerical roll on both 
sides of the failed roll. These two samples must both conform to project 
specifications. If either of these samples fail, then the next numerical roll 
will be tested until a passing roll is found. This additional testing will be 
at the expense of the Geosynthetic Installer. If either of the two closest 
rolls fail, the Engineer will dictate the frequency of additional testing. 

The CQA Engineer will document actions taken in conjunction with material 
control test failures. 

7.3 GEOTEXTILE INSTALLATION 

7.3.1 Handling And Placement 

The Geosynthetic Installer will handle and place all geotextiles in such a manner as 
required by the project specifications. 

7.3.2 Seams And Overlaps 

All geotextiles will be seamed or overlapped in accordance with project specifications or as 
approved by the CQA Engineer and Engineer. 

7 .3.3 Repairs 

Any holes or tears in the geotextile will be repaired in accordance with the project 
specifications. The CQA Engineer will observe any repair. 

7 .3.4 Placement Of Overlying Materials 

All soil materials located on top of a geotextile shall be placed in accordance with the 
project specifications. 
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7.4 DEFICIENCIES 

The CQA Engineer will immediately determine the extent and nature of all defects and 
deficiencies and report them to the Owner and Engineer. All defects and deficiencies will be 
documented by the CQA Engineer. The Contractor shall correct defects and deficiencies to the 
satisfaction of the CQA Engineer. The CQA Engineer will observe all retests on repaired 
defects. 

TABLE 7.1: CQA TESTING PROGRAM FOR GEOTEXTILE 
MATERIAL APPROVAL 

I 
PROPERTY 

I 
TEST METHOD 

I 
CONTROL TESTS: 

Tensile Properties ASTMD4632 

Puncture Resistance ASTMD 4833 

Trapezoidal Tear Strength ASTMD4533 

Apparent Opening Size (AOS) ASTM D 4751 
(Type GT -S Geotextile Only) 

Notes: 

1. Whichever provides the larger number of tests. 

TEST FREQUENCY 

100,000 ft2 or 
1 per Lot1 

100,000 ft2 or 
1 per Loe 

100,000 ft2 or 
1 per Lot1 

100,000 ft2 or 
1 per Lot1 

2. CQA testing is not required for geotextiles placed outside of the containment area. 

I 
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SECTION 8.0 
DRAINAGE GEOCOMPOSITE CQA 

8.1 INTRODUCTION 

This section of the CQA Manual addresses drainage geocomposite (DGC) and outlines the CQA 
program to be implemented with regard to material approval, material control tests, repairs, and 
resolution of problems. 

8.2 DGC MATERIAL APPROVAL 

8.2.1 DGC Product Data 

The CQA Engineer will review the Contractor's submittals for conformance with the 
project specifications. 

8.2.2 Shipment And Storage 

During shipment and storage, all DGC will be protected as required by the project 
specifications. The CQA Engineer will observe rolls upon delivery at the site. 

8.2.3 Quality Control Certificates 

Upon delivery, the CQA Engineer will: 

• verify that the Manufacturer's quality control certificates have been 
provided at the specified frequency and that each certificate identified the 
rolls related to it; and 

• review the Manufacturer's quality control certificates and verify that the 
certified properties meet the project technical specifications. 

8.2.4 DGC Material Control Tests 

Samples for material control tests, as shown on Table 8.1, will be obtained by the CQA 
Engineer at the indicated frequencies upon delivery of the DGC. Alternatively, samples 
may be randomly obtained at the manufacturing site by the CQA Engineer or 
representatives of the Geosynthetics CQA Laboratory. 

Unless otherwise specified, samples will be 3 feet long by the roll width. The CQA 
Engineer will mark the machine direction on the samples with an arrow. 

All material control tests will be performed by the Geosynthetics CQA Laboratory. 

All test results must be available at the site prior to the deployment of all DGC. The CQA 
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Engineer will examine all results from laboratory testing. 

8.2.4.1 Material Control Test Failure 

The following procedure will apply whenever a sample fails a material control test: 

A. The Geosynthetic Installer will replace the roll ofDGC that is in 
nonconformance with the project specifications with a roll that meets 
project specifications. 

B. The Geosynthetic Installer will remove samples for testing by the 
Geosynthetics CQA Laboratory from the closest numerical roll on both 
sides of the failed roll. These two samples must both conform to project 
specifications. If either of these samples fail, then the next numerical roll 
will be tested until a passing roll is found. This additional testing will be 
at the expense of the Geosynthetic Installer. If either of the two closest 
rolls fail, the Engineer will dictate the frequency of additional testing. 

The CQA Engineer will document actions taken in conjunction with material 
control test failures. 

8.3 DGC INSTALLATION 

8.3.1 Handling And Placement 

The Geosynthetic Installer will handle and place all DGC in such a manner as required by 
the project specifications. 

8.3.2 Stacking And Joining 

When several layers ofDGC are stacked, care should be taken to ensure that stacked DGC 
are placed in the same direction. Stacked DGC will never be laid in perpendicular 
directions to the underlying DGC (unless otherwise specified by the Engineer). The CQA 
Engineer will observe the stacking of DGC. 

Adjacent rolls ofDGC will be joined according to construction drawings and project 
specifications. 

8.3.3 Repairs 

Any holes or tears in the DGC will be repaired in accordance with the project 
specifications. The CQA Engineer will observe any repair. 
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8.3.4 Placement Of Overlying Materials 

All soil materials located on top of DGC shall be placed in accordance with the project 
specifications. 

8.4 DEFICIENCIES 

The CQA Engineer will immediately determine the extent and nature of all defects and 
deficiencies and report them to the Owner and Engineer. All defects and deficiencies will be 
documented by the CQA Engineer. The Contractor shall correct defects and deficiencies to the 
satisfaction of the CQA Engineer. The CQA Engineer will observe all retests on repaired 
defects. 

TABLE 8.1: CQA TESTING PROGRAM FOR DGC MATERIAL APPROVAL 

I 
PROPERTY 

I 
TEST METHOD 

I 
TEST FREQUENCY 

CONTROL TESTS: 

Thickness (geonet only) ASTM D 5199 100,000 ft? or 
1 per Lot1 

Density ASTM D 1505 100,000 ff or 
(geonet only) 1 per Lof 

Ply Adhesion ASTM D 413/ 100,000 ft? or 
GRIGC7 1 per Loti 

Transmissivity ASTM D 47162 1 per Resin Lot 

Notes: 

1. Whichever provides the larger number of tests. 
2. Conduct tests for transmissivity in accordance with the conditions given in the 

project specifications. 

I 
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SECTION 9.0 
GEOSYNTHETIC CLAY LINER (GCL) CQA 

9.1 INTRODUCTION 

This section of the CQA Manual addresses geosynthetic clay liner (GCL) and outlines the CQA 
program to be implemented with regard to material approval, material control tests, repairs, and 
resolution of problems. 

9.2 GCL MANUFACTURER AND INSTALLER APPROVAL 

The Contractor shall submit the qualifications of the GCL Manufacturer and the GCL Installer, 
as described in the specifications, to the CQA Engineer for approval. 

9.3 GCL MATERIAL APPROVAL 

9.3.1 GCL Product Data 

The CQA Engineer will review the Contractor's submittals for conformance with the 
project specifications. 

9.3.2 Shipment And Storage 

During shipment and storage, GCL will be protected as required by the project 
specifications. The CQA Engineer will observe rolls upon delivery at the site. 

9.3.3 Quality Control Certificates 

Upon delivery, the CQA Engineer will: 

• verify that the Manufacturer's quality control certificates have been 
provided at the specified frequency and that each certificate identified the 
rolls related to it; and 

• review the Manufacturer's quality control certificates and verify that the 
certified properties meet the project technical specifications. 

9.3.4 GCL Material Control Tests 

Samples for material control tests, as shown on Table 9.1, will be obtained by the CQA 
Engineer at the indicated frequencies upon delivery of the GCL. Alternatively, samples 
may be randomly obtained at the manufacturing site by the CQA Engineer or 
representatives of the Geosynthetics CQA Laboratory. 

Unless otherwise specified, samples will be 3 feet long by the roll width. The CQA 
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Engineer will mark the machine direction on the samples with an arrow. 

All material control tests will be performed by the Geosynthetics CQA Laboratory. 

All test results must be available at the site prior to the deployment of all GCL. The CQA 
Engineer will examine all results from laboratory testing. 

9.3.4.1 Material Control Test Failure 

The following procedure will apply whenever a sample fails a material control test: 

A. The Geosynthetic Installer will replace the roll of GCL that is in 
nonconformance with the project specifications with a roll that meets 
project specifications. 

B. The Geosynthetic Installer will remove samples for testing by the 
Geosynthetics CQA Laboratory from the closest numerical roll on both 
sides of the failed roll. These two samples must both conform to project 
specifications. If either ofthese samples fail, then the next numerical roll 
will be tested until a passing roll is found. This additional testing will be 
at the expense of the Geosynthetic Installer. If either of the two closest 
rolls fail, the Engineer will dictate the frequency of additional testing. 

The CQA Engineer will document actions taken in conjunction with material 
control test failures. 

9.4 GCL INSTALLATION 

9.4.1 Handling And Placement 

The Geosynthetic Installer will handle and place all GCL in such a manner as required by 
the project specifications. 

9 .4.2 Seams And Overlaps 

All GCL will be seamed or overlapped in accordance with project specifications or as 
approved by the CQA Engineer and Engineer. 

9.4.3 lteJ>airs 

Any holes or tears in the GCL will be repaired in accordance with the project 
specifications. The CQA Engineer will observe any repair. 

Johnston County Landfill 
June 2007 

CQAManual 
GCL CQA Page 9.0-2 



9.4.4 Placement Of Overlying Materials 

All soil materials located on top of the GCL shall be placed in accordance with the project 
specifications. 

9.5 DEFICIENCIES 

The CQA Engineer will immediately determine the extent and nature of all defects and 
deficiencies and report them to the Owner and Engineer. All defects and deficiencies will be 
documented by the CQA Engineer. The Contractor shall correct defects and deficiencies to the 
satisfaction of the CQA Engineer. The CQA Engineer will observe all retests on repaired 
defects. 

TABLE 9.1: CQA TESTING PROGRAM FOR GCL MATERIAL APPROVAL 

I 
PROPERTY 

I 
TEST METHOD 

I 
TEST FREQUENCY 

ONTROL TESTS: 

Hydraulic Conductivity ASTM D 5084/D 5887 100,000 ft2 or 
1 per Lot1 

Bentonite Content ASTMD 5993 100,000 ff or 
(@ 0% moisture) 1 per Lot1 

Peel Strength ASTMD6496 100,000 ft2 or 
1 per Lot1 

Notes: 

1. Whichever provides the larger number of tests. 

I 
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SECTION 10.0 
FINAL COVER SYSTEM CQA 

10.1 INTRODUCTION 

This section of the CQA Manual addresses the landfill gas (LFG) system, drainage aggregate and 
piping, and the vegetative soil layer of the final cover system. By reference to Sections 5.0, 7.0, 
and 8.0 of this CQA Manual, this section also addresses the geomembrane, geotextiles, and 
drainage geocomposite that are included in the final cover system. This section outlines the 
CQA program to be implemented with regard to material approval, construction monitoring, and 
resolution of problems. 

10.2 FINAL COVER SYSTEM MATERIAL APPROVAL 

The CQA Engineer shall verify that the following are provided and installed in accordance with 
the project drawings, specifications, and this CQA Manual. 

10.2.1 High Density Polyethylene (HDPE) Pipe 

A. Receipt of Contractor's submittals on HDPE pipe. 

B. Review of submittals for HDPE pipe for conformity to the project specifications. 

10.2.2 Polyvinyl Chloride (PVC) Pipe 

A. Receipt of Contractor's submittals on PVC pipe. 

B. Review of submittals for PVC pipe for conformity to the project specifications. 

10.2.3 Corrugated Polyethylene (CPE) Pipe 

A. Receipt of Contractor's submittals on CPE pipe. 

B. Review of submittals for CPE pipe for conformity to the project specifications. 

10.2.4 LFG System Components 

A. Receipt of Contractor's submittals on LFG system components. 

B. Review of submittals for LFG system components for conformity to the project 
specifications. 

10.2.5 Aggregates (Verify for each type of aggregate) 

A. Receipt of Contractor's submittals on aggregates. 
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B. Review of submittals for aggregates for conformity to the project specifications. 

C. Verify that aggregates in stockpiles or at borrow sources conform to the project 
specifications. 

D. Conduct material control tests in accordance with Table 10.1. 

10.2.6 Geomembrane 

The CQA program for geomembranes is presented in Section 5.0 of this CQA Manual. 

10.2.7 Geotextiles 

The CQA program for geotextiles is presented in Section 7.0 of this CQA Manual. 

10.2.8 Drainage Geocomposite 

The CQA program for drainage geocomposite is presented in Section 8.0 of this CQA 
Manual. 

10.2.9 Vegetative Soil Layer 

A. Review the proposed source of vegetative soil layer for conformance with the 
project specifications. 

B. Conduct material control tests in accordance with Table 10.1. 

10.3 FINAL COVER SYSTEM INSTALLATION 

The CQA Engineer will monitor and document the construction of all final cover system 
components for compliance with the project specifications. Monitoring the construction work 
for the components of the final cover system includes the following: 

• verify location and depth of LFG wells; 

• verify location of all piping; 

• monitoring the minimum vertical buffer maintained between field equipment and 
geosynthetics/piping; and 

• monitoring that the placement of the final cover system components does not fold or 
damage the geosynthetics or other underlying layers. 
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10.4 DEFICIENCIES 

The CQA Engineer will immediately determine the extent and nature of all defects and 
deficiencies and report them to the Owner and Engineer. All defects and deficiencies will be 
documented by the CQA Engineer. The Contractor shall correct defects and deficiencies to the 
satisfaction of the CQA Engineer. The CQA Engineer will observe all retests on repaired 
defects. 

TABLE 10.1: CQA TESTING PROGRAM FOR FINAL COVER SYSTEM 

COMPONENT 

CONTROL TESTS: 

Coarse Aggregate: 

Vegetative Soil Layer: 
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PROPERTY 

Gradation 

Visual Classification 

Grain Size Analysis 

Atterberg Limits 

TEST MINIMUM 
:METHOD TEST 

FREQUENCY 

ASTMC 136 5,000 CY 

ASTMD2488 Each Load 

ASTMD422 5,000 CY 

ASTM D4318 5,000 CY 
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American Society American Society ofTestine and Materials (ASTM): 

ASTM C 136 

ASTMD413 

ASTMD422 

ASTMD698 

ASTMD 792 

ASTM D 1004 

ASTMD 1505 

ASTMD 1556 

ASTM D 1603 

ASTM D 2167 

ASTMD2216 

ASTMD2434 

ASTMD 2488 
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Standard Test Method for Sieve Analysis of Fine and Coarse 
Aggregates. 

Standard Test Methods for Rubber Property- Adhesion to Flexible 
Substrate. 

Standard Test Method for Particle Size Analysis of Soils. 

Test Method for Laboratory Compaction Characteristics of Soil 
Using Standard Effort (12,400 ft-lbf/ft3

). 

Standard Test Method for Density and Specific Gravity (Relative 
Density) of Plastics by Displacement. 

Standard Test Method for Initial Tear Resistance of Plastic Film 
and Sheeting. 

Standard Test Method for Density of Plastics by the Density
Gradient Technique. 

Standard Test Method for Density and Unit Weight of Soil in Place 
by the Sand-Cone Method. 

Standard Test Method for Carbon Black in Olefin Plastics. 

Standard Test Method for Density and Unit Weight of Soil in Place 
by the Rubber Balloon Method. 

Standard Test Method for Laboratory Determination ofWater 
(Moisture) Content of Soil and Rock by Mass. 

Standard Test Method for Permeability of Granular Soils (Constant 
Head). 

Standard Practice for Description and Identification of Soils 
(Visual-Manual Procedure). 
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ASTMD2937 

ASTMD3042 

ASTM D 4318 

ASTM D 4533 

ASTM D4632 

ASTMD4643 

ASTM D 4716 

ASTM D 4751 

ASTM D 4833 

ASTMD4959 

ASTMD 5084 

ASTM D 5199 

ASTMD 5596 

ASTM D 5641 

ASTMD5820 
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Standard Test Method for Density of Soil in Place by the Drive 
Cylinder Method. 

Standard Test Method for Insoluble Residue in Carbonate 
Aggregates. 

Standard Test Method for Liquid Limit, Plastic Limit, and 
Plasticity Index of Soils. 

Standard Test Method for Trapezoid Tearing Strength of 
Geotextiles. 

Standard Test Method for Grab Breaking Load and Elongation of 
Geotextiles. 

Standard Test Method for Determination of Water (Moisture) 
Content of Soil by the Microwave Oven Method. 

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 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. 

Standard Test Method for Measuring Nominal Thickness of 
Geotextiles and Geomembranes. 

Standard Test Method for Microscopic Evaluation of the 
Dispersion of Carbon Black in Polyolefin Geosynthetics. 

Standard Practice for Geomembrane Seam Evaluation by Vacuum 
Chamber. 

Standard Practice for Pressurized Air Channel Evaluation of Dual 
Seamed Geomembranes. 
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ASTMD5887 

ASTMD 5993 

ASTMD 5994 

ASTMD6392 

ASTM D 6496 

ASTMD 6693 

ASTMD6938 

Standard Test Method for Measurement oflndex Flux Through 
Saturated Geosynthetic Clay Liner Specimens Using a Flexible 
Wall Permeameter. 

Standard Test Method for Measuring Mass per Unit of 
Geosynthetic Clay Liners. 

Standard Test Method for Measuring Core Thickness of Textured 
Geomembrane. 

Standard Test Method for Determining the Integrity of 
Nonreinforced Geomembrane Seams Produced Using Thermo
Fusion Methods. 

Standard Test Method for Determining Average Bonding Peel 
Strength Between the Top and Bottom Layers of Needle-Punched 
Geosynthetic Clay Liners. 

Standard Test Method for Determining Tensile Properties of 
Nonreinforced Flexible Polyethylene and Nonreinforced 
Polypropylene Geomembranes. 

Standard Test Methods for In-Place Density and Water Content of 
Soil and Soil-Aggregate in Place by Nuclear Methods (Shallow 
Depth). 

Geosynthetic Research Institute (GRO: 

GRIGC7 
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Determination of Adhesion and Bond Strength of Geocomposites. 
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SECTION 1.0
GENERAL FACILITY OPERATIONS

1.1 OVERVIEW

This Operations Manual was prepared for operations of the Johnston County Landfill facility
(Permit No. 51-03) located off of Highway 210 on County Home Road near Smithfield.  This
document discusses the operation of the following landfill units and other solid waste
management activities:

• Phase 4A Lined Subtitle D MSW Landfill Unit (Cell 3 - Proposed);
• Area 1 C&D Vertical Expansion;
• Area 2 Lined C&D Landfill Unit;
• Yard Waste Processing Area; and
• Convenience Center.

Refer to Figure 1 for the location of existing and proposed landfill units and other solid waste
management activities.

The information contained herein was prepared to provide landfill personnel with a clear
understanding of how the Design Engineer assumed that the completed facility would be
operated.  While deviations from the operations outlined here may be acceptable, they should be
reviewed and approved by the Design Engineer.  Please refer to the appropriate permit
application for a detailed discussion and calculations for the individual components of each
landfill unit, including phasing plans.  

1.2 CONTACT INFORMATION

All correspondence and questions concerning the operation of the Johnston County Landfill
should be directed to the appropriate County and State personnel listed below.  For fire or police
emergencies dial 911.

1.2.1 Johnston County

Johnston County Department of Public Utilities
309 E. Market Street
P.O. Box 2263
Smithfield, NC  27577
Phone:  (919) 209-8333
Fax:  (919) 934-7174

Contacts: Tim Broome, P.E., Director
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Johnston County Solid Waste Management Department
680 County Home Road
P.O. Box 2263
Smithfield, NC  27577
Phone:  (919) 938-4750
Fax:  (919) 989-7152

Contact: Rick Proctor, Solid Waste Manager

1.2.2 North Carolina Department of Environment and Natural Resources

North Carolina DENR - Raleigh Central Office (RCO)
217 West Jones Street
Raleigh, NC  27603
Phone:  (919) 707-8200
Fax:  (919) 707-8200

North Carolina DENR - Raleigh Regional Office (RRO)
3800 Barrett Drive
Raleigh, NC  27609 
Phone:  (919) 571-4700
Fax:  (919) 571-4718

North Carolina DENR - Fayetteville Regional Office (FRO)
225 Green Street, Suite 714
Fayetteville, NC  28301 
Phone:  (910) 486-1541
Fax:  (910) 486-0707

Division of Waste Management (DWM) - Solid Waste Section:

Field Operations Branch Head: Mark Poindexter (RCO)
Eastern District Supervisor: Dennis Shackelford (FRO)
Waste Management Specialist: Mary Whaley ((919) 693-5023)

Division of Land Resources - Land Quality Section:

Regional Engineer: John Holley, P.E. (RRO)

1.3 ACCESS CONTROL

Limiting access to the landfill facility is important for the following reasons:

• Unauthorized and illegal dumping of waste materials is prevented.
• Trespassing, and injury resulting therefrom, is discouraged.
• The risk of vandalism is greatly reduced.
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Access to active areas of the landfill will be controlled by a combination of fences and natural
barriers, and strictly enforced operating hours.  A landfill attendant will be on duty at all times
when the facility is open for public use to enforce access restrictions.

1.3.1 Physical Restraints

The site will be accessed by the existing entrance on County Home Road.  Scales and a
scale house and office are provided at the entrance.  All waste will have been weighed
prior to being placed in the landfill.  The entrances have gates which will be securely
locked during non-operating hours.

1.3.2 Security

Frequent inspections of gates and fences will be performed by landfill personnel.  The
County will arrange for a random security patrol of the main gate to further discourage
trespassing.  Evidence of trespassing, vandalism, or illegal operation will be reported to
the County Solid Waste Manager.

1.4 SIGNAGE

A prominent sign(s) containing the information required by the DWM will be placed at the
landfill entrance.  This sign(s) will provide information on operating hours, operating
procedures, and acceptable wastes.  Additional signage will be provided within the landfill
complex to distinctly distinguish the roadway to the active landfill unit(s).  Service and
maintenance roads for use by operations personnel will be clearly marked and barriers (e.g.,
traffic cones, barrels, etc.) will be provided as required.

1.5 COMMUNICATIONS

Two way radio communication will be maintained between the active landfill unit(s) and the
landfill scale house and office.  The scale house and office have telephones in case of emergency
and for the conduct of day-to-day business.  Emergency telephone numbers are displayed in the
scale house and office.

1.6 FIRE AND SAFETY

1.6.1 Fire Control

The possibility of fire within the landfill or a piece of equipment must be anticipated in
the daily operation of the landfill.  A combination of factory installed fire suppression
systems and/or portable fire extinguishers will be operational on all heavy pieces of
equipment at all times.  For larger or more serious outbreaks, the local fire department
will respond.

Fires within the landfill will be limited by the use of daily and intermediate cover as a
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fire break and control of "hot" loads entering the landfill.  Landfill personnel at the scale
house will turn away all trucks containing waste that is suspected to be hot.  If a hot load
is placed on the working face, then the load will be spread as thin as possible and daily
cover soil will be immediately placed on the waste to extinguish the fire.

In general, fires that break out close to the surface of the disposal area should be
excavated and smothered with cover material.  Deep fires should be smothered out by
placing moist soil on the surface and by constructing soil barriers around the fire.  Where
the smothering technique fails, the burning material must be excavated and smothered or
quenched with water once the burning material is brought to the surface.  Water is
usually not effective unless it can be directly applied to the burning material.

For the lined landfill unit(s), in the event a fire occurs in the first lift of waste
immediately above the protective cover layer, the possibility of damage to geosynthetics
and collection piping exists.  Once the fire is extinguished, the residue must be removed
to allow limited inspection of the geosynthetics and piping.  Damaged sections of
geosynthetics, piping, etc. must be removed and replaced with new items of the same or
equal material.  The new materials must be placed in accordance with the technical
specifications and construction quality assurance (CQA) documents prepared for this
facility.

The County will verbally notify the DWM (see Section 1.2.2) within 24 hours of
discovery of a fire within any landfill disposal area.  In addition, written documentation
describing the fire, the actions carried out to extinguish the fire, and a strategy for
preventing future occurrences will be provided to the DWM within 15 days following
any such occurrence.

1.6.2 Safety

All aspects of the operation of the landfill facility were developed with the health and
safety of the landfill's operating staff, customers, and neighbors in mind.  Prior to
commencement of operations in the new landfill phase/area, a member of the landfill
operating staff will be designated site safety officer.  This individual, together with the
facility's management will modify the site safety and emergency response program to
remain consistent with National Solid Waste Management Association and Occupational
Safety and Health Administration (OSHA) guidance.

Safety equipment provided includes equipment rollover protective cabs, seat belts,
audible reverse warning devices, hard hats, safety shoes, and first aid kits.  Landfill
personnel will be encouraged to complete the American Red Cross Basic First Aid
Course.  Other safety requirements as designated by the County will also be
implemented.
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1.7 SEVERE WEATHER CONDITIONS

Unusual weather conditions can directly affect the operation of the landfill facility.  Some of
these weather conditions and recommended operational responses are as follows.

1.7.1 Ice Storms

An ice storm can make access to the landfill dangerous, prevent movement or placement
of daily cover, and, thus, may require closure of the landfill until the ice is removed or
has melted.

1.7.2 Heavy Rains

Exposed soil surfaces can create a muddy situation in some portions of the landfill during
rainy periods.  The control of drainage and use of crushed stone on unpaved roads should
provide all-weather access for the site and promote drainage away from critical areas.  In
areas where the aggregate surface is washed away or otherwise damaged, new aggregate
should be used for repair.

Intense rains can affect newly constructed drainage structures such as swales, diversions,
cover soils, and vegetation.  After such a rain event, inspection by landfill personnel will
be initiated and corrective measures taken to repair any damage found before the next
rainfall.

1.7.3 Electrical Storms

The open area of a landfill is susceptible to the hazards of an electrical storm.  If
necessary, landfilling activities will be temporarily suspended during such an event.  To
guarantee the safety of all field personnel, refuge will be taken in the on-site buildings or
in rubber-tired vehicles.

1.7.4 Windy Conditions

Landfill operations during a particularly windy period may require that the working face
be temporarily shifted to a more sheltered area.  When this is done, the previously
exposed face will be immediately covered with daily cover.

1.7.5 Violent Storms

In the event of hurricane, tornado, or severe winter storm warning issued by the National
Weather Service, landfill operations may be temporarily suspended until the warning is
lifted.  Daily cover will be placed on exposed waste and buildings and equipment will be
properly secured.
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1.8 EQUIPMENT REQUIREMENTS

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

1.9 PERSONNEL REQUIREMENTS

At least one member of the landfill supervisory staff will be certified as a Manager of Landfill
Operations (MOLO) by the Solid Waste Association of North America (SWANA).  Each landfill
employee will go through an annual training course (led by supervisory staff) and is certified by
SWANA as Landfill Operations personnel.  As part of this training, personnel learn to recognize
loads which may contain prohibited wastes.

1.10 UTILITIES

Electrical power, water, telephone, and restrooms are provided at the landfill scale house and/or
office.

1.11 RECORD KEEPING PROGRAM

The County will maintain the following records in an operating record at the landfill:

A. Waste inspection records (see Section 2.4);
B. Daily tonnage records - including source of generation;
C. Waste determination records;
D. Quantity, location of disposal, generator, and special handling procedures for all

special wastes disposed of at the site;
E. List of generators and haulers that have attempted to dispose of restricted wastes;
F. Employee training procedures and records of training completed;
G. Documentation of cell activation (see Section 2.5.2.2)
H. Leachate records (see Section 3.3.3);
I. Gas monitoring results and remediation measures as required (see Section 3.4.2);
J. All ground water monitoring and surface water quality information (See the

current Water Quality Monitoring Plan) including:
1.  Monitoring well construction records;
2.  Sampling dates and results;
3.  Statistical analyses; and
4.  Results of inspections, repairs, etc.

K. Annual landfill reports;
L. All closure and post-closure information, where applicable, including:

1.  Testing;
2.  Certification; and
3.  Recording.

M. Cost estimates or financial assurance documentation.
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The operating record will be kept up to date by the Solid Waste Manager or his designee.  It will
be presented upon request to the DWM for inspection.  A copy of this Operations Manual will be
kept at the landfill and will be available for use at all times.
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SECTION 2.0
WASTE HANDLING OPERATIONS

2.1 OVERVIEW

This section describes the required waste handling operations for the Johnston County Landfill
facility.  In addition to the MSW and C&D waste disposed of at this facility, the County also
processes recyclables, scrap tires, and white goods.  These materials are stored at the landfill
facility until there are sufficient quantities for pick up by various recycling contractors.

2.2 ACCEPTABLE WASTES

2.2.1 MSW Landfill Units

Only the waste as defined by NCGS 130A-290(a)(18a) generated within the approved
service area may be disposed of in the MSW landfill units.  In addition, the special
wastes described in Section 2.5.4 may also be disposed of in the MSW landfill units.

2.2.2 C&D Landfill Units

Only the following wastes generated within the approved service area may be disposed of
in the C&D landfill unit:

• Construction and Demolition Debris:  as defined in 15A NCAC 13B.0532(8)
means solid waste resulting solely from construction, remodeling, repair, or
demolition operations on pavement, buildings, or other structures.  C&D waste
does not include municipal and industrial waste that may be generated by on-
going operations at buildings or structures.

• Land Clearing and Inert Debris Landfill:  as defined in 15A NCAC 13B.0101(54)
means a facility for the disposal of land-clearing waste, concrete, brick, concrete
block, uncontaminated soil, gravel and rock, untreated and unpainted wood, and
yard trash.

• Land Clearing Waste: as defined in 15A NCAC 13B.0101(53) means solid waste
which is generated solely from land-clearing activities, limited to stumps, trees,
limbs, brush, grass, and other naturally occurring vegetative material.

• Asphalt:  in accordance with NCGS 130A-294(m).
• Other Wastes as Approved by the Solid Waste Section of the Division of Waste

Management.

In addition, the special wastes (asbestos only) described in Section 2.5.4 may also be
disposed of in the C&D landfill units.
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2.3 PROHIBITED WASTES

2.3.1 MSW Landfill Units

The following wastes are prohibited from disposal within the MSW landfill units:

• Whole Scrap Tires
• Used Oil
• White Goods
• Lead Acid Batteries
• Yard Waste
• Construction and Demolition Debris (C&D) (Except when allowed by the

County)
• Aluminum Cans

In addition, operating criteria prohibit other materials from disposal within the MSW
landfill units.  These materials include:

• Hazardous waste as defined by NCGS 130A-290(a)(8), including
hazardous waste from conditionally exempt small quantity generators.

• Polychlorinated biphenyls (PCB) wastes as defined in 40 CFR 761 with
the exception of trace amounts found in materials such as consumer
electronics.

• Bulk or non-containerized liquid wastes unless the waste is household
waste other than septic waste and waste oil; or the waste is leachate or gas
condensate derived from the MSW landfill unit.  A liquid determination
will be performed by the paint filter test (see Appendix A for apparatus
and procedure).

• Containers holding liquid wastes unless the waste is household waste.

2.3.2 C&D Landfill Units

Only wastes, as defined in Section 2.2.2 above may be accepted for disposal in the C&D
landfill units.  No other wastes may be accepted.

2.4 WASTE SCREENING PROGRAMS

In order to assure that prohibited wastes are not entering the landfill facility, screening programs
have been implemented at the landfill.  Waste received at both the scale house entrance and
waste taken to the working face is inspected by trained personnel.  These individuals have been
trained to spot indications of suspicious wastes, including:  hazardous placarding or markings,
liquids, powders or dusts, sludges, bright or unusual colors, drums or commercial size
containers, and "chemical" odors.  Screening programs for visual and olfactory characteristics of
prohibited wastes are an ongoing part of the landfill operation.
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2.4.1 Waste Receiving and Inspection

All vehicles must stop at the scale house located at the entrance of the facility and visitors
are required to sign-in.  All waste transportation vehicles are weighed and the content of
the load assessed.  The scale attendant(s) requests from the driver of the vehicle a
description of the waste it is carrying to ensure that unacceptable waste is not allowed
into the landfill.  The attendant(s) then visually checks the vehicle as it crosses the scale. 
Signs informing users of the acceptable and unacceptable types of waste are posted at the
scale house.  Once passing the scales, the vehicles are routed to the appropriate landfill
unit or other area (convenience center, etc.) as appropriate.

Vehicles are randomly selected for screening at a rate of approximately 1% of industrial,
commercial, and institutional vehicles entering the landfill.  However, if something looks
suspicious is spotted in any waste load, that load is inspected further.  The number of
loads inspected is determined by the total vehicle count as per scales tickets.  Each
calendar year the number is recalculated (For example, for 2001, 1% was equal to 252
vehicles; 264 vehicles were actually inspected).

Vehicles selected for inspection are directed to an area of intermediate cover adjacent to
the working face where the vehicle will be unloaded.  Waste is carefully spread using
suitable equipment.  An attendant trained to identify wastes that are unacceptable at the
landfill inspects the waste discharged at the screening site.  If unacceptable waste is
found, including wastes generated from outside of the service area, the load will be
isolated and secured by berming off the area.  For unacceptable wastes that are non-
hazardous, the Solid Waste Manager will then notify officials of the DWM (see Section
1.2.2) within 24 hours of attempted disposal of any waste the landfill is not permitted to
receive in order to determine the proper course of action.  For unacceptable wastes that
are hazardous, the Hazardous Waste Contingency Plan outlined in Section 2.4.2 will be
followed.  The hauler is responsible for removing unacceptable waste from the landfill
property.

If no unacceptable waste is found, the load will be pushed to the working face and
incorporated into the daily waste cell.  All random waste inspections will be documented
by landfill staff using the waste screening form provided in Appendix B.

In addition to random waste screening described above, waste unloaded on the active
face will be inspected by the equipment operators, trained to spot unacceptable wastes,
before and during spreading and compaction.  Any suspicious looking waste is reported
immediately to the designated primary inspector for further evaluation.

2.4.2 Hazardous Waste Contingency Plan

In the event that identifiable hazardous waste or waste of questionable character is
detected at the landfill, appropriate equipment, protective gear, personnel, and materials
as necessary will be employed to isolate the wastes.  The DWM will be notified
immediately (see Section 1.2.2) that an attempt was made to dispose of hazardous waste
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at the landfill.  If the vehicle attempting disposal of such waste is known, all attempts will
be made to prevent that vehicle from leaving the site or, if the vehicle has left the site,
immediate notice will be served on the owner of the vehicle that hazardous waste, for
which they have responsibility, has been disposed of at the landfill.

The County will assist the DWM as necessary and appropriate in the removal and
disposition of the hazardous waste and in the prosecution of responsible parties.  If
needed, the hazardous waste will be covered with either on-site soils or other tarping
material until such time when an appropriate method can be implemented to properly
handle the waste.  The cost of the removal and disposing of the hazardous waste will be
charged to the owner of the vehicle involved.  Any vehicle owner or operator who
knowingly dumps hazardous waste in the landfill may be barred from using the landfill.

Should an incident where hazardous waste is found at the landfill occur, the event will be
documented by landfill staff using the waste screening form provided in Appendix B.

Records of information gathered as part of the waste screening programs will be
maintained at the landfill site during its active life and as long as required by the County
and the DWM.

2.5 WASTE DISPOSAL

2.5.1 Access

Traffic will be clearly directed to the appropriate active access road.  For the active lined
landfill unit(s), all vehicles entering the unit will use the active ramp to avoid damaging
the liner system.  Traffic speed on the ramp should be less than 10 MPH.  Rutting of
gravel roadway surfaces must be repaired by placement of additional gravel on the
roadway and not solely by grading the rut.  This will maintain the separator geotextile
placed below most gravel roadway surfaces.

The location of access roads during waste placement will be determined by operations
personnel in order to reflect waste placement strategy.

2.5.2 General Procedures

For each active landfill unit, waste transportation vehicles will arrive at the working face
at random intervals.  There may be a number of vehicles unloading waste at the same
time, while other vehicles are waiting.  In order to maintain control over the unloading of
waste, a certain number of vehicles will be allowed on the working face at a time.  The
actual number will be determined by the truck spotter.  This procedure will be used in
order to minimize the potential of unloading unacceptable waste and to control disposal
activity.  Operations at the working face will be conducted in a manner which will
encourage the efficient movement of transportation vehicles to and from the working
face, and to expedite the unloading of waste.
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The approach to the working face will be maintained such that two or more vehicles may
safely unload side by side.  A vehicle turn-around area large enough to enable vehicles to
arrive and turn around safely with reasonable speed will be provided adjacent to the
unloading area.  The vehicles will back to a vacant area near the working face to unload. 
Upon completion of the unloading operation, the transportation vehicles will immediately
leave the working face area.  Personnel will direct traffic necessary to expedite safe
movement of vehicles.

Waste unloading at the landfill will be controlled to prevent disposal in locations other
than those specified by site management.  Such control will also be used to confine the
working face to a minimum width, yet allow safe and efficient operations.  The width and
length of the working face will be maintained as small as practical in order to maintain
the appearance of the site, control windblown waste, and minimize the amount of cover
required each day.  Normally, only one working face will be active on any given day,
with all deposited waste in other areas covered by either daily/periodic, intermediate, or
final cover, as appropriate.

The procedures for placement and compaction of solid waste include: unloading of
vehicles, spreading of waste into 2 foot lifts, and compaction on relatively flat slopes (i.e.
5H:1V max.) using a landfill compactor and a minimum number of three full passes.

Wind screens adjacent to the working face may be used as required to control windblown
waste.

The use of portable signs with directional arrows and portable traffic barricades will
facilitate the unloading of wastes to the designated disposal locations.  These signs and
barricades will be placed along the access route to the working face of the landfill or
other designated areas which may be established.

2.5.3 Waste Disposal - Lined (MSW or C&D) Landfill Units

2.5.3.1  Cell Operations and Phasing

Each lined landfill unit is divided into cells.  Each cell will be filled in sequence
until the entire footprint is covered with waste.  Phasing drawings are presented in
the appropriate permit application for each landfill unit.

It is advantageous to begin to establish final cover grades along the perimeter
berms as soon as is possible.  This will allow earlier construction of intermediate
or final cover to promote "clean" runoff and to spread out final cover construction
costs.
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2.5.3.2  Cell Activation

Before placing waste in a particular area of any cell, that area must be connected
to the leachate collection system (LCS) by removing (or suitably shredding by
tracking with a dozer) geosynthetic rain cover (if any) and/or making any required
piping connections such that all liquid collected in that area will flow to the sump. 
Next, just ahead of waste placement operations, the Type GT-S geotextile placed
over the gravel columns is to be cut and removed such that waste will be placed in
direct contact with the coarse aggregate.

Once an area has reached its effective capacity, operations will move to the next
scheduled area.  Prior to placing waste in a new area, it must be connected to the
LCS as described above.

See Appendix C for cell activation forms to be used in the documentation of cell
activation activities.

2.5.3.3  Placement of Initial Lift

During waste placement operations, the landfill liner system is most vulnerable
during the placement of the first lift of waste.  The first lift of waste should be
comprised of select loads spread on top of the protective cover layer.  These
select loads must be free of long or large pieces of waste that may push through
the protective cover layer and damage the liner system.  Workers will be
positioned near the working face to check for any waste which could possibly
penetrate the protective cover layer.  The first lift should be a minimum of four
(4) feet thick and provide sufficient area for at least one day's operation without
placing other areas of the liner in jeopardy.

The side slopes of the liner system are also vulnerable during placement of the
first lift of waste.  As with the bottom slopes, the first lift of waste against the side
slopes should be comprised of select loads.

In the event that the landfill staff identifies any damage to any part of the landfill's
liner system, they should immediately initiate its repair.  Additionally, they
should document the damage and the repair as a part of the operating record.

2.5.3.4  Equipment Operations Within the Landfill

Both the facility’s operational vehicles and waste transportation vehicles must be
restricted as follows within the lined landfill:

• Equipment operation directly on the protective cover will be limited to
rubber-tired vehicles having a maximum ground contact, i.e., tire pressure,
of less than 32 psi.

• A minimum vertical separation of 3 feet will be maintained between the
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geomembrane liner and all waste transportation vehicles.
• A minimum vertical separation of 5 feet will be maintained between the

geomembrane liner and waste compactors.

The operation of vehicles within those portions of the landfill not actively
receiving waste should be restricted to activities associated with erosion and
sedimentation control.

2.5.4 Special Waste Management

2.5.4.1 Asbestos Management (MSW or C&D Landfill Units)

The County may dispose of asbestos within either the MSW or C&D landfill
units.  Asbestos will only be accepted if it has been processed and packaged in
accordance with State and Federal (40 CFR 61) regulations.  Asbestos will arrive
at the site in vehicles that contain only the asbestos waste and only after advance
notification by the generator.

Once the hauler brings the asbestos to the landfill, the hauler will be directed to
the designated asbestos disposal area by operations personnel.  The designated
disposal area will be prepared by operations personnel by leveling a small area
using a dozer or loader.  Prior to disposal, the landfill operators will stockpile
cover soil near the designated asbestos disposal area.  The volume of soil
stockpiled will be sufficient to cover the waste and to provide any berms, etc. to
maintain temporary separation from other landfill traffic.

Once placed in the prepared area, the asbestos waste will be covered with a
minimum of 18 inches of cover soil placed in a single lift.  The surface of the
cover soil will be compacted and graded using a tracked dozer or loader.  The
landfill compactor will be prohibited from operating over asbestos disposal areas
until at least 18 inches of cover are in-place.

The landfill staff will record the approximate location and elevation of the
asbestos waste once cover is in-place.  The Solid Waste Manager will then review
pertinent disposal and location information to assure compliance with regulatory
requirements and enter the information into the Operating Record.

Once disposal and recording for asbestos waste is completed, the disposal area
may be covered with waste.  No excavation into designated asbestos disposal
areas will be permitted.

In general, for the lined landfill unit(s), no asbestos will be stored over gravel
columns or over sump areas in order to minimize the potential for future
disturbance.
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2.5.4.2  Sewage Sludge Management (MSW Landfill Units)

Sewage sludge may be accepted for disposal within the MSW landfill units in
accordance with Federal and State requirements.  Sewage sludge will be
co-disposed along with other wastes if the sludge passes the liquids restriction
criteria (i.e., the Paint Filter Test) and has an acceptable Toxicity Characteristic
Leaching Procedure (TCLP) test.  Such testing will be the responsibility of the
generator, but landfill staff may conduct spot testing.

In order to minimize the potential for clogging of the leachate collection and
removal system, sewage sludge will not be placed within the first lift of waste. 
Sewage sludge may also be used as a soil conditioner incorporated into the
vegetative soil layer of the final cover.

2.5.4.3  Spoiled Food and Animal Waste (MSW Landfill Units)

The disposal of spoiled foods, animal carcasses, and other animal wastes within
the MSW landfill units will be handled as follows.  The generator of the material
must call in advance to the landfill, and a determination will be made as to
whether or not the waste will be accepted.  If the waste is approved, the generator
will present the waste at a predetermined time.  An area for disposal will already
have been prepared and the waste will be covered immediately.

2.5.5 Daily or Periodic Cover

2.5.5.1  MSW Landfill Units

At the completion of waste placement each day, a 6 inch layer of earthen material
or approved alternate daily cover (i.e. tarps (see Section 2.5.5.3), etc.) will be
placed over the working face.  This daily cover is intended to control vectors, fire,
odors, and blowing litter.  If the County should desire to use an alternate daily
cover, a formal request and an appropriate demonstration will be made to the
DWM.

2.5.5.2  C&D Landfill Units

At the completion of waste placement each week, or sooner if the area of exposed
waste exceeds one acre in size, a 6-inch layer of earthen material or other material
as approved by the DWM will be placed over the exposed waste.  This periodic
cover is intended to control vectors, fire, odors, and blowing debris.

2.5.5.3 Tarpomatic Alternative Daily Cover

The Tarpomatic apparatus consists of a 60' wide x 8' deep x 10' tall tubular steel
support frame, a diesel engine, a hydraulic pump, stationary and remote control
boxes, and a detachable 50 foot tarp spool.  The frame has two carrier arms at the
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top that will latch over the blade of a compactor (or dozer) allowing the apparatus
to become mobile when needed.  Each spool may carry three 40' x 100' tarps
which provide up to 12,000 square feet of coverage. Tarps are made from a
woven high density polyethylene fire retardant material with reinforced seams
and edges and connecting straps on each end.  Heavy steel chains are installed in
pockets throughout the tarp to provide ballast to prevent wind uplift.  Carrier arm
adjustment, tarp spool drive, and spool locking levers are hydraulically controlled
and are activated by the remote control box located inside the compactor cab.

To operate the Tarpomatic, the operator will drive the compactor up to the
apparatus and align the blade with the carrier arms.  The blade is then lifted
upward into the carrier arms, raising the frame off the ground.  Once the operator
has positioned the compactor and Tarpomatic over the area of waste to be
covered, each tarp is applied to the surface while backing over the waste.  The
tarp is unrolled at the same rate as the compactor movement so that it may be
applied to the surface without pulling the tarp through the waste.  Once the tarp is
completely applied, the operator will detach the tarp straps and set the frame to
the side.  Tarps are rolled back onto the spool in the reverse order.

Typically, the Tarpomatic is used to cover over the daily working face only.  As
migration occurs throughout cell development, all traffic areas and side slopes are
covered with daily or intermediate cover soil.  Severe thunderstorms, high winds,
or freezing precipitation may prohibit the use of the Tarpomatic.  Daily or
intermediate cover soil is used as cover every Friday or whenever inclement
weather is forecasted.

Tarps that become damaged will be repaired or replaced as necessary.  The
County typically maintains 4 tarps on 2 spools and replaces tarps every 2 years.

2.5.6 Intermediate Cover

A 12 inch layer of soil cover should be placed on all waste surfaces that have not
received waste in 30 days but are below final elevation.  This intermediate cover should
be seeded immediately and graded such that all precipitation run-off is channeled to the
surface water systems.

2.5.7 Height Monitoring

Approximately every month, the landfill staff will monitor landfill top and side slope
elevations with a level.  When such elevations approach design grades, the final
top-of-waste grades will be staked to limit over-placement of waste.
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2.6 YARD WASTE PROCESSING AREA OPERATIONS

The operation of the yard waste processing area is as follows:

Acceptable wood and yard wastes are stockpiled to an approximate height of 10 feet over an area
of approximately 1 acre (approximate weight of 1,500 to 2,000 lbs.).  At that time a contractor is
brought in to grind the waste.  Once the waste is ground and becomes mulch, it is used either
around the site, primarily for surface stabilization, or placed in windrows to be given to the
public or otherwise used in the future.  A full time attendant looks over both the yard waste
processing area and the convenience center operations.

Adjacent to the yard waste processing area, there is approximately 14 acres available within two
former borrow areas that are designated for use in the handling of debris from a natural disaster.

2.7 CONVENIENCE CENTER OPERATIONS

The operation of the citizen’s convenience center is as follows:

The convenience center is set up with up to eight 40 yard roll-off containers for the collection of
MSW (small loads) and recyclables.  The County currently typically separately collects
aluminum cans, newspaper, cardboard, mixed no. 1 and no. 2 plastics, and brown, green, and
clear glass.  The convenience center also includes collection facilities for white goods, used tires,
waste oil, and batteries.

The white goods area currently occupies approximately a 50 foot by 100 foot area.  County
personnel remove the Freon, as necessary, and load the white goods into three to four 40 yard
roll-off containers.  Typically, every Wednesday, the County hauls the full containers to a local
salvage yard, where the white goods can be recycled.

Used tires are collected at the convenience center in up to three tire trailers.  Once one or more
trailers are full, the used tires are taken to a tire recycler for recycling.

A full time attendant looks over both the convenience center and yard waste processing area
operations.
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SECTION 3.0
ENVIRONMENTAL MANAGEMENT

3.1 OVERVIEW

This section reviews the overall environmental management tasks required for the successful
operation of the landfill facility.  Emphasis is given to the supplemental tasks required for the
lined landfill units.

3.2 SURFACE WATER CONTROL

As used herein, the definition of “surface water” is water which results from precipitation or site
run-on that has not contacted the waste.

Proper control of surface water at the landfill will accomplish the following goals:

• Prevent the run-on of surface water into the lined landfill unit(s) or the active
face(s);

• Prevent the run-off of surface water that has come into contact with the waste (i.e.
leachate);

• Limit the erosion caused by surface waters;

• Limit sediments carried off-site by surface waters; and

• Maximize the SEPARATION of SURFACE water from LEACHATE.

Separate erosion and sedimentation control plans have been provided for the various landfill
units.  These plans describe both short and long term engineered features and practices for
preventing erosion and controlling sedimentation at this site.  The following is a brief discussion
of some of these features and practices, focusing more on the landfill units.

3.2.1 Surface Water Run-On Control

The perimeter berms and/or perimeter channels around the landfill unit(s) are designed to
prevent the run-on of surface water from adjacent land into the landfill.  Additional
structures such as diversion berms, channels, down pipes, etc. carry surface water away
from the landfill.

3.2.2 Active Face Run-Off Control - MSW Landfill Units

Particular care is required to ensure that surface water coming from the active face, e.g.
having potential contact with the waste, is captured by the leachate collection system
(LCS).  Only run-off from waste surfaces that have received adequate cover is not
considered leachate and should be directed to the stormwater drainage system where
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practical.

3.2.3 Erosion Control

The serviceability of the landfill relies heavily on soil berms, barrier layers, and
agricultural layers that are readily eroded by flowing water.  Erosion control provisions
incorporated in the landfill include the following:

• The slope of the working face must be no steeper than 5H:1V where
practical to limit erosion of the daily cover.

• Intermediate cover that has been exposed for more than 30 days must be
seeded immediately and repaired when erosion features are identified.

• Drainage breaks (diversion berms, rain gutters, etc.) are provided on the
final cover to limit the flow length of run-off.

• Water collected by each drainage break is routed to stormwater drainage
channels or down pipes so that the run-off volume does not accumulate
going down the slope.

• The vegetative soil layer placed over the final cover must be seeded
immediately.

Additional erosion control measures have been taken within the drainage channels and at
points of stormwater discharge.  All final cover should be inspected regularly for erosion
damage and promptly repaired.

3.2.4 Sedimentation Control

Stormwater run-off from the landfill unit(s) is conveyed to one of the on site sediment
basins and/or traps.  These basins and/or traps should be inspected regularly for sediment
build-up or erosion damage.  The basins and/or traps should be cleaned out when
sediments fill the lower half of the basin.

3.2.5 Separation of Stormwater/Leachate - Lined (MSW and C&D) Landfill Units

The stormwater separation system is accomplished by dividing the lined landfill units
into separate cells to reduce the volume of leachate generated and minimize the
impoundment of stormwater within the landfill.  The separation system allows
stormwater in cells which have not yet received waste to be pumped out of the landfill to
perimeter drainage features.  During activation of a cell, the Owner will connect the cell
to the LCS as discussed in Section 2.5.3.2.
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3.3 LEACHATE MANAGEMENT - LINED (MSW AND C&D) LANDFILL UNITS

The leachate management system for the existing and proposed lined landfill units consists of the
LCS, the leachate discharge piping, pumps, valve boxes, valves, and the existing leachate storage
lagoon.

Leachate from the lined landfill units is collected in the leachate sumps at the low end(s) of each
unit.  Leachate collected in each sump is pumped to the leachate storage lagoon via a HDPE
force main (except for Phase 5 which drains via a HDPE gravity main).  From the storage
lagoon, the leachate is pumped via force main to a County-owned wastewater treatment plant
(WWTP) or back into the Phase 5 MSW landfill unit as part of an approved leachate
recirculation plan (See Appendix D).  Refer to the appropriate permit application for a detailed
discussion and details of the leachate management system for each lined landfill unit.

The County has approval to modify the existing leachate storage lagoon for use as an
equalization basin for raw wastewater.  These modifications are described in Section 3.3.6.

3.3.1 Leachate Collection System (LCS)

A blanket drainage layer (either natural and/or geosynthetic drainage media) covers the
liner system to collect and remove leachate draining from the waste.  In addition, a large
flow capacity network of perforated pipe and gravel drains is constructed in the blanket
drain.  The LCS is designed to remove inflow from a 25-year, 24-hour rainstorm.  As
such, its capacity is very large compared to that required to accommodate routine
leachate generation rates once waste covers the landfill footprint.

The LCS has been designed to minimize the impact of long-term biological clogging as
follows:

• Cleanouts are provided on the major perforated leachate collection pipes;

• No geotextiles will be used between the waste and the gravel columns;
and

• The use of coarse aggregate around collection pipes (gravel columns)
allows hydro-washing of the pipe and aggregate to remove biological
growth.

3.3.1.1  Gravel Column Maintenance

The exposed surface of the drainage aggregate should be inspected monthly and
after each large rain storm to check for buildup of sediment on the aggregate. 
Sediment buildup must be periodically removed carefully with a backhoe. 
Aggregate that is removed must be replaced with new clean material.  Per Section
2.5.3.2, the Type GT-S geotextile overlying the gravel columns must be removed
just prior to the placement of waste over that portion of gravel column.
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3.3.1.2  Collection Pipe Cleanout

Remote camera inspection and flushing (if necessary) of all leachate collection
piping accessible with a cleanout port will be performed every 3 years or earlier if
an abnormal reduction in leachate production is observed.  An abnormal reduction
is defined as a drop in monthly leachate production of 30% or more as compared
to the monthly average over the prior 6 month period and which does not appear
to be the result of a reduction in rainfall, the covering of new cell areas, etc.  If
piping is mostly clean at the initial 3 year inspection, the County may petition the
DWM to increase the inspection frequency to 5 year intervals.

The locations of the collection system that have sediment or biological growth
buildup will be cleaned using high pressure water jetting equipment.  The water
jetting system should generate greater than 2,000 psi water pressure.  Use of the
high pressure water jetting equipment should be limited to only those portions of
the piping system with buildup.

3.3.1.3  Leachate Removal

As constructed, leachate is collected in one or more sumps at the low points of the
landfill and is removed from the landfill via a side riser pump or through a gravity
penetration.  The leachate is routed to the leachate storage lagoon via a HDPE
force main or gravity main.

Under normal conditions, the County will remove (via forcemain) leachate from
the storage lagoon at a rate to maintain a typical volume of 3,500,000 gallons
(approximate 6.5 foot depth), or less, of leachate in the lagoon (see also Section
3.3.6).  This allows ample volume in the lagoon to handle the anticipated “surge”
event caused by a design storm and minimizes the potential for ponding within
the landfill.  Additional draw-down of the lagoon will be performed in advance of
predicted heavy rainfall (tropical storm, hurricane, etc.).

3.3.1.4 Operation and Maintenance of Leachate Pumps and Storage Lagoon

Operation and maintenance of leachate pumps shall be in accordance with the
appropriate manufacturer’s recommendations.  If required, the leachate storage
lagoon may require cleanout of sediment and/or maintenance of aerators.  The
County Solid Waste Manager or his designee will be responsible for following
and documenting, as required, these activities.

3.3.2 Leak Detection System - Phase 4A MSW Landfill Unit

A leak detection system (LDS) is part of the Phase 4A MSW landfill unit.  The purpose
of the LDS is to provide rapid detection of a major breach in the primary liner system and
to limit the head on the secondary liner to less than the thickness of the LDS.
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For Phase 4A, the LDS consists of a layer of drainage geocomposite directly overlying
the secondary LLDPE geomembrane and a series of four leak detection trenches.  Flow
that is collected in the leak detection trenches is routed through 4 inch diameter HDPE
piping to a pump station.  The LDS pump station consists of a prefabricated HDPE
manhole, valving, and submersible pumps.  Leachate collected in the LDS pump station
is pumped to the existing leachate storage lagoon via the same force main as leachate
collected in the LCS described above.

The LDS has been designed with an Action Leakage Rate (ALR) of 3,000 gallons per
day.  Should leakage collected in the LDS exceed the ALR based on routine flowmeter
readings from the LDS pump station, the County will take steps (placement of soil cover,
tarps, etc.) to limit leachate generation from in-place waste.

3.3.3 Leachate Quality Sampling

Semi-annual leachate quality sampling and analysis will be performed during operation
of the lined landfill units.  Samples will be recovered as grab samples from the following
locations:

• MSW Phase 5:  Sample from existing gravity line in leachate manhole;
• MSW Phase 4A (Leachate Collection System):  Sample from side risers;
• MSW Phase 4A (Leak Detection System): Sample from leak detection

pump station; and
• C&D Area 2:  Sample from side risers.

The parameters to be analyzed will include BOD, COD, temperature, conductivity, pH,
ammonia, suspended solids, Appendix I constituents, sulfates, and nitrates.

3.3.4 Record Keeping

Accurate records for the following will be maintained at the landfill in accordance with
Section 1.11.

Leachate Generation (Monthly):

• Phase 5 (Leachate storage lagoon pump station flowmeters minus
flow from Phase 4A);

• Phase 4A (Leachate collection system flowmeter); and
• Phase 4A (Leak detection system pump station flowmeter).

Leachate Quality (Quarterly and/or Semi-Annual):

• Phase 5 (Quarterly during active leachate recirculation);
• Phase 4A  (Leachate Collection System); and
• Phase 4A (Leak Detection System).
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3.3.5 Leachate Contingency Plan

In the unlikely event that leachate levels within the existing leachate storage lagoon
approach the freeboard capacity, due to unforeseen events, the DWM will be verbally
notified (see Section 1.2.2) and the leachate flow will be valved off and temporarily
stored in the landfill until the level of leachate in the lagoon can be lowered by direct
pumping.  Written documentation describing the unforeseen events, the actions carried
out to remove the stored leachate, and a strategy for preventing future occurrences will be
provided to the DWM within 30 days following any such occurrence.

3.3.6 Modification of Leachate Pond as an Equalization Basin

The existing leachate storage lagoon (pond) has an approximate capacity of 4.2M gallons
with 2 feet of freeboard.  Due to the large size of the pond and typical leachate generation
at the site (between 1.26M and 3.05M gallons per year based on 2004 and 2005 data), the
capacity of this pond has been very much underutilized.  The County received approval
in October 2008 to modify the existing leachate storage lagoon for use as an equalization
basin for raw wastewater.  Most of the proposed modifications will be on the southwest
side of the existing leachate pond.

The maximum water level in the modified pond will be maintained at approximately
elevation 151 to 152.  With a top of pond elevation of approximately 155, this will
provide a volume of at least 1 foot (approximately 650,000 gallons) below the required 2
feet of freeboard under typical conditions.  This capacity is much greater than the
anticipated surge volume from a newly operational landfill unit.  Additionally,
considering the very large pumping capacity (two 1,300 GPM pumps) of the existing raw
sewage pump station which will be connected to the pond, the ability to handle leachate
generation at the site is very high.

The modified capacity and/or operation of the leachate pond as an equalization basin will
not affect the County’s ability to draw-down the basin in advance of predicted heavy
rainfall (tropical storm, hurricane, etc.).

3.4 WATER QUALITY MONITORING

The monitoring program and procedures outlined in the current Water Quality Monitoring Plan
will be followed for the monitoring of site groundwater monitoring wells and surface water
monitoring locations.  The results of the water quality monitoring program will be placed in the
facility operating record as described in Section 1.11.



1 SWANA (1997),  Landfill Gas Operation and Maintenance Manual of Practice, SR-430-23070, Solid
Waste Association of North America, Silver Spring, MD, March 1997.
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3.5 LANDFILL GAS (LFG) MANAGEMENT

3.5.1 MSW Landfill Units

A landfill gas (LFG) management system is included as part of the design of the MSW
landfill units.  Refer to the appropriate permit application for a detailed discussion and
details of the LFG management system for each landfill unit.

As the operation and maintenance of this system involves contact with explosive gases,
operational staff involved with the operation and maintenance of this system should be
specifically trained in the management and response for situations such as fire or
explosion, confined space, drilling, and overhead hazards, or any other mechanical
hazards addressed by the equipment Manufacturer’s literature.  Although this manual
does not address the operation of the LFG management system, reference is made to the
Landfill Gas Operation and Maintenance Manual of Practice prepared by the Solid Waste
Association of North America (SWANA)1, which provides a general body of knowledge
concerning the operation and maintenance of these systems.

3.5.2 C&D Landfill Units

Landfill gas (LFG) generated from the C&D landfill unit will be vented using passive
vents placed at the time of closure.  Refer to the appropriate permit application for details
of these vents.

3.6 LANDFILL GAS (LFG) MONITORING PLAN

The County will implement a routine landfill gas (LFG) monitoring program for both MSW and
C&D landfill units to ensure that methane concentrations do not exceed 25 percent of the lower
explosive limit (LEL) (1.25% methane (CH4)) in facility structures, or 100 percent of the LEL
(5% CH4) at property boundaries.  LFG monitoring activities and remedial actions for
concentrations exceeding these requirements will be in accordance with each unit’s current
landfill gas monitoring plan.

3.6.1 Record Keeping

Results of LFG monitoring and description of any remedial measures will be placed in
the facility operating record as described in Section 1.11.
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3.7 VECTOR CONTROL

3.7.1 MSW Landfill Units

Control of insects, rodents, and birds will be accomplished by compaction of the waste
and the use of daily cover.  Spilled or wind-blown debris along the access road will be
cleaned up daily and placed in the landfill.  If vector control becomes a problem,
additional measures will be taken to ensure the protection of human health.

3.7.2 C&D Landfill Units

Due to the nature of the waste disposed in the C&D landfill units, vector control is not
anticipated to be of concern.  Note that the use of periodic cover will discourage animals
from nesting in the waste.

3.8 ODOR CONTROL

3.8.1 MSW Landfill Units

Odorous or potentially odorous materials will be covered as soon as possible to avoid
odor problems.  If odor control becomes a problem, additional measures will be taken to
ensure odor control.

3.8.2 C&D Landfill Units

Due to the nature of the waste disposed in the C&D landfill units, odor control is not
anticipated to be of concern.

3.9 DUST CONTROL

Dust related to waste hauler traffic on the access roads will be minimized by using a water truck
to limit dust on the gravel portion of the road.  Dust generated by excavation of cover soil will be
limited by watering the cut soil areas if accessible to the water truck.

3.10 IRRIGATION OF RECLAIMED WASTEWATER

The County is approved to spray irrigate reclaimed wastewater at the landfill.  The operation of
the spray irrigation system will be as described in Appendix E.  The operation of the system will
also follow the requirements of the current permit issued by the NC Division of Water Quality.
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Appendix A

EPA Method 9095

Paint Filter Liquids Test



9095 - 1

METHOD 9095
PAINT FILTER LIQUIDS TEST

From EPA SW-846

1.0 SCOPE AND APPLICATION

1.1 This method is used to determine the presence of free liquids in a representative
sample of waste.

1.2 The method is used to determine compliance with 40 CFR 264.314 and 265.314.

2.0 SUMMARY OF METHOD

2.1 A predetermined amount of material is placed in a paint filter.  If any portion of
the material passes through and drops from the filter within the 5 minute test
period, the material is deemed to contain free liquids.

3.0 INTERFERENCES

3.1 Filter media were observed to separate from the filter cone on exposure to
alkaline materials.  This development causes no problem if the sample is not
disturbed.

4.0 APPARATUS AND MATERIALS

4.1 Conical paint filter:  Mesh number 60 (fine meshed size).  Available at local paint
stores such as Sherwin-Williams and Glidden for an approximate cost of $0.07
each.

4.2 Glass funnel:  If the paint filter, with the waste, cannot sustain its weight on the
ring stand, then a fluted glass funnel or glass funnel with a mouth large enough to
allow at least 1 inch of the filter mesh to protrude should be used to support the
filter.  The funnel is to be fluted or have a large open mouth in order to support
the paint filter yet not interfere with the movement, to the graduated cylinder, of
the liquid that passes through the filter mesh.

4.3 Ring stand and ring or tripod.

4.4 Graduated cylinder or beaker:  100-mL.

5.0 REAGENTS

5.1 None.



9095 - 2

6.0 SAMPLE COLLECTION, PRESERVATION, AND HANDLING

6.1 All samples must be collected according to the directions in Chapter Nine of EPA
SW-846.

6.2 A 100 mL or 100 g representative sample is required for the test.  If it is not
possible to obtain a sample of 100 mL or 100 g that is sufficiently representative
of the waste, the analyst may use larger size samples in multiples of 100 mL or
100 g, i.e., 200, 300, 400 mL or g.  However, when larger samples are used,
analysts shall divide the sample into 100-mL or 100-g portions and test each
portion separately.  If any portion contains free liquids, the entire sample is
considered to have free liquids.

7.0 PROCEDURE

7.1 Assemble test apparatus as shown in Figure 1.

7.2 Place sample in the filter.  A funnel may be used to provide support for the paint
filter.

7.3 Allow sample to drain for 5 minutes into the graduated cylinder.

7.4 If any portion of the test material collects in the graduated cylinder in the 5-min.
period, then the material is deemed to contain free liquids for purposes of 40 CFR
264.314 and 265.314.

8.0 QUALITY CONTROL

8.1  Duplicate samples should be analyzed on a routine basis.

9.0 METHOD PERFORMANCE

9.1 No data provided.

10.0 REFERENCES

10.1 None required.
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Waste Screening Form



Johnston County Department of Public Utilities
Johnston County Landfill Facility

Permit No. 51-03
(919) 938-4750

WASTE SCREENING FORM

Day / Date: Time Weighed in:
Truck Owner: Driver Name:
Truck Type: Vehicle ID / Tag No:
Weight Tare:
Waste Generator / Source:

Reason Load Inspected: Random Inspection Staff Initials
Detained at Scales Staff Initials
Detained by Operating Staff Staff Initials

Inspection Location:

Approved Waste Determination Form Present? Yes     No                 N/A

Description of Load:

Load Accepted (signature) Date
Load Not Accepted (signature) Date

Reason Load Not Accepted (complete only if load not accepted)

Description of Suspicious Contents: Color Haz. Waste Markings
Texture

     Drums Present Smell
Est. Cu. Yds. Present in Load

Est. Tons Present in Load

Johnston County Emergency Management Contacted? Yes No

Company or Authority Contacted?  
Hazardous Materials Present:  

Hauler Notified (if waste not accepted) Phone: Time Contacted:
Other Observations:

Final Disposition
Signed Date

Waste Screening Inspector or Solid Waste Manager

Attach related correspondence to this form.
File completed form in Operating Record.
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Cell Activation Forms



JOHNSTON COUNTY MSW LANDFILL - PHASE 4A
CELL ACTIVATION FORM

Date:                                   

Cell:                                     

Size of Geosynthetic Rain Cover Removed (Length/Width):                                    

Length of Type GT-S Geotextile Removed from Gravel Column(s):                                     

Remarks:                                                                                                                                          
                                                                                                                                                         
                                                                                                                                                         
                                                                                                                                                         
                                                                                                                                             
                                                                                                                                                         
                                                                                                                                                     

Signed :                                                                 

Sketch:



JOHNSTON COUNTY C&D LANDFILL - AREA 2
CELL ACTIVATION FORM

Date:                                   

Cell:                                     

Size of Geosynthetic Rain Cover Removed (Length/Width):                                    

Length of Type GT-S Geotextile Removed from Gravel Column(s):                                     

Remarks:                                                                                                                                          
                                                                                                                                                         
                                                                                                                                                         
                                                                                                                                                         
                                                                                                                                             
                                                                                                                                                         
                                                                                                                                                     

Signed :                                                                 

Sketch:
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JOHNSTON COUNTY
JOHNSTON COUNTY LANDFILL FACILITY

OPERATIONS MANUAL
APPENDIX D:  LEACHATE RECIRCULATION PLAN

1.0 OVERVIEW

Water is the most significant factor influencing waste stabilization and leachate quality. 
Moisture addition has been demonstrated repeatedly to have a stimulating effect on
methanogenesis (Barlaz et al, 1990), although some researchers indicate that it is the movement
of moisture through the waste as much as it is water addition that is important (Klink and Ham,
1982).  Moisture within the landfill serves as a reactant in the hydrolysis reactions, transports
nutrients and enzymes, dissolves metabolites, provides pH buffering, dilutes inhibitory
compounds, exposes surface area to microbial attack, and controls microbial cell swelling
(Noble, et al, 1991).  Lu, et at, (1985) stated that high moisture flow rates can flush soluble
organics and microbial cells out of the landfill and in such cases microbial activity plays a lesser
role in determining leachate quality.  Also, high moisture application rates can remove the
majority of waste contaminants early in the life of the fill.  Under low flow rate conditions,
anaerobic microbial activity is the significant factor governing leachate organic strength
(McBean et al, 1995).  The quantity of moisture is important because it directly affects
stabilization rates within the landfill.  Sulfita et al, (1992) and Miller, et al, (1994) both noted the
important role of moisture in supporting methanogenic fermentation of solid waste when
examining samples removed from operating landfills.  Relatively dry landfills (i.e. 20-40%
water) have very slow stabilization rates because there is only a small quantity of moisture for
biological degradation.  Recommended moisture content reported in the literature ranges from a
minimum of 25 percent (wet basis) to optimum levels of 40 to 70 percent (Barlaz, et al, 1990;
Chen and Bowerman, 1974).

Leachate is recirculated in MSW landfills for one or more of the following reasons:

! as an alternative to leachate treatment,
! to promote biodegradation of the waste as detailed above to produce a smaller and

more stable waste mass, and
! to accelerate the production of landfill gas (LFG).

Johnston County’s plan to recirculate leachate within the Phase 5 area of their Subtitle D landfill
is based on a desire to stabilize the waste and associated contaminants prior to placement of the
final cover.  The County facility is presently equipped with a leachate force main to a County
owned and operated wastewater treatment plant (WWTP) so that disposal of leachate is not a
concern.  As such, this recirculation plan is developed with the goal of maximizing the rate of
degradation of the waste and not for the purpose of leachate disposal.
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2.0   REGULATORY REQUIREMENTS

The recirculation of leachate within lined MSW landfills is provided for in Federal RCRA
Subtitle D regulations and not prohibited in North Carolina regulations.  It is anticipated that
design and operational requirements for recirculation will evolve from guidance provided by the
Solid Waste Section of the North Carolina Division of Waste Management (DWM).

2.1 40 CFR 258  RCRA Subtitle D

Federal regulations provide both specific and implied requirements that must be met by
landfills recirculating leachate.  Relevant sections of the Federal regulations are as
follows:

§258.28 (a):  Bulk or non-containerized liquid waste may not be placed in the MSWLF
units unless:  (1) The waste is household waste other than septic waste; or (2) The waste
is leachate or gas condensate from the MSWLF unit and the MSWLF unit, whether it is a
new or existing MSWLF, or lateral expansion, is designed with a composite liner and
leachate collection system as described in §258.40(a)(2) of this part...

§258.40(a)(2):  With a composite liner, as defined in paragraph (b) of this section and a
leachate collection system that is designed and constructed to maintain less than a 30-cm
depth of leachate over the liner.  (b) For purposes of this section, composite liner means a
system consisting of two components:  the upper component must consist of a minimum
30-mil flexible membrane liner (FML), and the lower component must consist of at least
a two-foot layer of compacted soil with a hydraulic conductivity of no more than 1x10-7

cm/sec...

2.2 North Carolina Rule NCAC T15A: 13B.1600

North Carolina regulations mirror the above referenced Federal regulations in Rule
.1624(b)(1) related to design and construction, Rule .1624(b)(2)(A) related to maximum
head, and Rule .1626(9)(a)(ii) related to recirculation of leachate.  Currently, however,
implementation of leachate recirculation is administered using policy established in
DWM guidance for leachate recirculation.  This guidance establishes basic elements that
must be incorporated  into a leachate recirculation plan prior to implementation of a 120-
day trial period and eventual long-term operation.  Key elements of this guidance are
listed on Table 1 along with the location in this manual where the element is addressed.

3.0 FACILITY LIQUIDS CONTROL - ENGINEERED PERFORMANCE

Significant engineering effort has been expended to ensure that the maximum head acting on the
liner system during routine recirculation does not exceed 30 cm and that the recirculation system
itself does not adversely affect the integrity or stability of the landfill.  This section provides a
general description of these systems and the technical evaluation performed to ensure adequate
performance.
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3.1 Leachate Recirculation System

The leachate recirculation system uses a network of horizontal porous galleries to both
inject leachate into the waste and to vent landfill gas (LFG) generated by the degradation
of the waste.  The galleries are designed to minimize leachate short circuiting of the
waste and the potential for landfill fires in the LFG collection system.  Each gallery
consists of a family of parallel trench drains that are individually fitted with a leachate
injection pipe.  The Project Drawings show the general geometry and placement of the
injection/LFG galleries and details for their construction.  The galleries are placed at an
approximate 30 foot vertical spacing and a maximum 80 foot horizontal spacing.  Each
successive vertical gallery is staggered to provide for more uniform leachate distribution
and gas collection.  The porous LFG collection and leachate distribution media can be
constructed using gravel, tire chips, or other relatively inert media having a permeability
greater than 1 x 10-2 cm/sec.  The leachate injection and LFG collection pipes are high
density polyethylene (HDPE) fusion welded pipe having a maximum SDR of 11. 
Leachate is injected under a minimum 10 psi pressure through a series of 1/8 inch holes
spaced 10 feet apart.  Field tests by GNRA have confirmed that this hole size and spacing
allows for a very uniform release of leachate from each hole for pipe lengths up to 800
feet in length.  For this project, lengths were designed up to +400 feet in length. 
Installation details for each injection/LFG gallery are recorded using the form provided in
Appendix D1.

Significant settlement of the waste is anticipated during the service life of the
recirculation system.  HDPE was selected for use in the injection/LFG pipes due to both
its chemical resistance and its low coefficient of friction which minimizes potential
tensile forces caused by differential settlement of the waste.  The selected SDR of the
pipes is based on anticipated maximum tensile forces related to differential settlement
and not the stresses generated by the leachate pressure.

3.2 Leachate Collection System (LCS)

The leachate collection system (LCS) for Phase 5 was modified by the County as follows. 
The modification consisted of removal of  12 inches of sand and a geotextile that had
originally been placed between the primary leachate collection pipes and the waste.  This
material was replaced with a NC DOT #57 stone that provides a significant increase in
the transmissivity of the pipe/stone drain and resistance to bioclogging of the drain.  This
conversion of the primary collection pipe system is performed just in advance of the
placement of waste immediately on the #57 stone to ensure that the stone remains free of
fines from the protective cover.

The HELP (v. 3.07) Model was used to evaluate the impact of leachate recirculation on
the head acting on the composite liner system.  This analysis indicates that the average
head acting on the liner system is less than 12 inches when a minimum of 30 feet of
waste is in place prior to initiating recirculation.  The short-term HELP evaluations are
conservative in that only a single 30 foot lift of waste is modeled for a 5 year period.  As
the height of waste is increased, the storage capacity within the waste increases and the
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resulting head on the liner system decreases.  For example, modeling a 60 foot layer of
waste under intermediate cover reduces the short term head from 10.2 inches to 5.4
inches.

4.0 FACILITY EQUIPMENT AND OPERATING PRACTICES

Leachate recirculation must be performed in a manner that does not create odor or stability
problems and produces heads on the liner system less than 30 cm.  Odor problems are minimized
in the proposed system by the use of leachate injection galleries such that raw leachate is not
applied to the surface of the waste.  The permanent system for injection of leachate is shown in
the Project Drawings and requires operational steps as follows:

! Leachate to be recirculated is collected in the existing leachate pump station
located adjacent to the existing leachate storage lagoon.

! Leachate is pumped from the pump station to the injection galleries using a
submersible high-head pump capable of maintaining a minimum 10 psi pressure
at the inlet of the injection gallery.  Each injection gallery is provided with a
positive on-off ball valve as shown in the Project Drawings.

! Leachate is pumped into individual injection galleries in metered +6,000 gallon
slugs designed to prevent localized saturation of the waste and stability problems. 
Injection is sequenced between the galleries and recorded using the form provided
in Appendix D1.

! A backup system can be provided using a water truck that receives leachate from
the leachate lagoon and then transports it back to the top of Phase 5 and injects it
directly from the truck to one of the injection galleries.  This system may be
utilized in the event of a shutdown of the recirculation pump.

The general recirculation philosophy is to avoid visible discharge of leachate, e.g., spraying into
the air by truck, sprinklers, or hoses, to minimize the potential for odor problems and excessive
discharge in one zone of waste to minimize stability and seep related problems.  This section
discusses the facility hardware and operational procedures employed to successfully recirculate
leachate to the waste.

4.1 Leachate Injection Gallery

Each injection gallery extends horizontally from the face of the final cover into the waste
a distance of no more than about 400 (+10%) feet in length.  Each injection gallery
consists of a granular windrow or trench drain containing a HDPE leachate injection
pipe.  The details of this system are discussed in Section 3.1.  Each leachate injection
gallery pipe is fitted at its exposed end with a positive on-off valve connected to the
supply line.  A check valve and cleanout are also provided for each injection gallery pipe.
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The injection pipe diameter and pressure are selected to ensure that leachate flow
velocities are sufficient to prevent fouling of the injection pipe and the perforations.  It is
not anticipated that the leachate injection pipes will require servicing during their
estimated 5-8 year service life.  The granular drain surrounding the injection pipe is
designed to both allow a more uniform distribution of the leachate and for the collection
of LFG within the waste.  The size and permeability of the granular trench drain is based
on the desire to maintain internal LFG pressures less than 6-inches H2O (0.22 psi).  All
injection gallery installation details will be recorded using the form provided in
Appendix D1.

4.2 Leachate Injection Equipment

One submersible pump will be provided in the existing pump station for recirculating
leachate.  This pump is rated for a flow of 50 gpm at a head of 210 feet.  This pump was
selected to provide the required minimum inlet pressure to the leachate injection gallery
of 10 psi and approximately 2 hours pumping time to inject 6,000 gallons of leachate. 
The injection pump is equipped with on-off controls within the pump station.

4.3 Leachate Amendment

With time it is anticipated that the leachate draining from Phase 5 will become
increasingly acidic.  Research by Barlaz (1990) has shown that the rate of waste
decomposition actually decreases with increasing acidity.  Therefore it may be necessary
to buffer the leachate prior to future recirculation.  This will be accomplished using a
liquid lime injector as needed.  Currently there are no plans for leachate amendment other
than buffering.

5.0 FACILITY MONITORING PRACTICES

The facility must be monitored to ensure that the combination of leachate recirculation and
natural precipitation does not produce excessive head on the liner system, side slope seeps, or
stability problems.  This section reviews a monitoring system to be installed at Phase 5 to
monitor both weather and leachate quantities.

5.1 Weather Monitoring

Daily weather monitoring will be obtained using a rain gauge and tell-tale equipped
thermometer located at the landfill office.  Daily readings would be obtained for the
maximum temperature, total rainfall, and general weather conditions.  This information
would be recorded on the form provided in Appendix D1.  This data allows an accurate
evaluation of the water-balance over time within the waste.
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5.2 Leachate Monitoring

Leachate from Phase 5 gravity drains to the leachate lagoon.  The cumulative flow
through the gravity drain line will be monitored via flowmeters for all pumps. 
Calculations commonly performed to determine action leakage rates (ALR) for leak
detection systems show that the flow rate will be 130,600 gallons per day when the
maximum head acting on the liner is 30 cm.  The cumulative flow monitoring will
provide verification that the head acting on the liner system is less than 30 cm.

Landfill personnel will pay particular attention to sudden increases in leachate generation
during or immediately after recirculation activities.  Sudden increases in rate of leachate
generation from the facility not accompanied by precipitation indicates that injected
leachate is moving through the waste faster than normal.  This may imply either
saturation of the waste due to over injection of leachate or short circuiting (via voids in
the waste) of the waste by a single injection.  Both situations require a cessation of
injection to the injection gallery in question and a modification of the injection sequence.

6.0 REPORTS

The following reports will be prepared:

! Pre-Operational Report;

! 120-Day Trial Period Reporting (Progress and Final Reports); and

! Quarterly Operational Reports.

Reporting forms proposed in this pre-operational report will be revised with experience.

6.1 Pre-Operational Report

The pre-operational report provides sufficient information to justify the 120-day trial
recirculation period.  This Leachate Recirculation Plan is the pre-operational report for
the Johnston County Phase 5 leachate recirculation program.

6.1.1 Weather Monitoring 

A daily rain gauge and thermometer will be installed at the landfill office to allow
daily recording of total rainfall and maximum temperature.  This data will be
recorded at the end of each working day.

6.1.2 Baseline Leachate Sampling

Baseline leachate quality data for Phase 5 will be provided within the last 30 days
prior to the initiation of leachate recirculation.  This data will include test results
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for BOD, COD, temperature, conductivity, pH, ammonia, suspended solids,
metals, and volatiles.

6.1.3 Operational Procedures

Johnston County plans on proceeding with the installation of the recirculation
pump and force main.  Thus, the operational procedures during the 120-day trial
recirculation period will be the same as for long-term operations as previously
described in Section 4.

6.1.4 Operational Equipment

The operational equipment during the 120-day trial will include the recirculation
pump and force main and a portion of the first level of injection galleries as
shown in the Project Drawings and installed at a nominal elevation of 30 feet of
waste.

6.1.5 Record Keeping

Daily readings for rainfall, maximum temperature, quantity of leachate
generated/recirculated, and leachate injection galleries used will be maintained
using the form provided in Appendix D1.  This form provides for a week of data
and allows comments on the daily weather conditions and unusual operating
conditions, e.g., odor or seeps.  These data sheets will be provided to the State as
part of the technical report submitted to DWM in support of implementation of
the long-term leachate recirculation program.

6.2 120-Day Trial Period Reporting

6.2.1 Progress Report

After a minimum of 60 days, a progress report will be prepared which describes
and documents the monitoring activities since initiation of the 120-day trial
period, presents observed difficulties and/or operational modifications, and
presents leachate quality data.  Leachate quality data will include test results for
BOD, COD, temperature, conductivity, pH, ammonia, suspended solids, metals,
and volatiles.

6.2.2 Final Report

At the completion of the 120-day trial period, a final report will be prepared
which describes and documents the monitoring activities for the entire trial
period, presents observed difficulties and/or operational modifications, and
presents leachate quality data.  Leachate quality data will include test results for
BOD, COD, temperature, conductivity, pH, ammonia, suspended solids, metals,
and volatiles.  The most critical aspect of this report is confirmation that the
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proposed leachate injection sequence results in acceptable performance.  Final
drawings and specifications for the facility modifications will also be submitted
with this report.  Based on this report, Johnston County will request approval by
DWM to implement the long-term leachate recirculation program.

6.3 Quarterly Operational Reports

Quarterly leachate recirculation operational reports will be submitted to DWM after the
120-day trial period.  These reports will provide the daily log sheets provided in
Appendix D1, identify all leachate injection galleries in service, and provide updated
leachate quality data.
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TABLE 1:  NC DWM POLICY ELEMENTS FOR 
LEACHATE RECIRCULATION

Conditions Policy Element Section(s)

Preoperative
Conditions

A rain gauge and thermometer shall be placed on the site. 6.1.1
A Baseline sampling of leachate shall be performed. 6.1.2
An outline of expected operational procedures shall be
submitted.

4.0

A brief description of the equipment and its’ associated
specifications shall be submitted.

4.0 &
Specs.

A brief description of record-keeping forms shall be submitted
including:
! daily/weekly record of leachate generated
! daily/weekly record of leachate recirculated
! weather conditions and other pertinent daily information
! a log for reporting operating or other unusual problems,

and their subsequent rectification
! any other forms or procedures, etc., that the

owner/operator will use.

5.0/6.0

An estimation of height of waste in the cell where leachate is
anticipated to be applied.

Project
Drawings

An analysis of the field capacity of the waste where leachate
is to be applied, such that the gallons per unit area does not
exceed the field capacity of the waste volume.

3.2

Operating
Conditions

Records shall be kept or a daily/weekly basis as outlined. 6.0
No leachate shall be applied on less than one lift (10 feet) of
waste.

3.1

No leachate shall be spray applied or surface circulated when
it is raining, or when the waste is too wet.

4.0

No run-off or side seepage will be allowed. 4.0
Odors will be controlled. 4.0
Leachate depth shall be monitored in the manhole to ensure
that the head on the liner does not exceed one foot for more
than 24 hours.

5.2

Leachate will be spray applied or surface circulated during
daylight hours only.

N/A

The application system will be properly maintained and
documented.

5.0/6.0

Subsurface distribution systems will be outlined. 4.1
Operation and maintenance of subsurface systems will be
proposed.

4.0
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Reporting Forms and Logs



JOHNSTON COUNTY MSW LANDFILL - PHASE 5 
LEACHATE RECIRCULATION 

120-DAY TRIAL PERIOD MONTHLY REPORTING FORM

Start Date (Day 1):                                                   

Day Rain
(Inch)

Max.
Temp.

Leachate
Generated

Leachate
Recirculated

Injection
Galleries

Used

Problems/Weather
(Use Extra Sheet if

Required)
1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31



JOHNSTON COUNTY MSW LANDFILL - PHASE 5
LEACHATE RECIRCULATION 

LEACHATE RECIRCULATION MONTHLY REPORTING FORM

Start Date (Day 1):                                                   

Day Rain
(Inch)

Max.
Temp.

Leachate
Generated

Leachate
Recirculated

Injection
Galleries

Used

Problems/Weather
(Use Extra Sheet if

Required)
1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31



JOHNSTON COUNTY MSW LANDFILL - PHASE 5
LEACHATE RECIRCULATION 

LEACHATE RECIRCULATION DAILY LOG

Date:                           

Time Injection
Gallery

Volume Pumped Remarks



JOHNSTON COUNTY MSW LANDFILL - PHASE 5
LEACHATE RECIRCULATION 

HORIZONTAL WELL INSTALLATION LOG

Well Number:                           
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JOHNSTON COUNTY
JOHNSTON COUNTY LANDFILL FACILITY

OPERATIONS MANUAL
APPENDIX E:  IRRIGATION OF RECLAIMED WASTEWATER

1.0 OVERVIEW

This Operations Manual Addendum was prepared for the Johnston County MSW Landfill
located off of Highway 210 on County Home Road for the purpose of describing the operation of
an irrigation system for reclaimed wastewater.  The system is owned and operated by Johnston
County.

2.0 CONTACT INFORMATION

All correspondence and questions concerning the operation of the reclaimed wastewater
irrigation system should be directed to the appropriate County personnel listed below:

Johnston County Department of Public Utilities
309 E. Market Street, P.O. Box 2263
Smithfield, NC  27577
Phone:  (919) 209-8333 (Downtown); (919) 938-4750 (Landfill)
Fax:  (919) 934-7174 (Downtown); (919) 989-7152 (Landfill)

Solid Waste Manager: Rick Proctor
Public Utilities Director: Tim Broome, P.E.

3.0 IRRIGATION SYSTEM OPERATION

3.1 Areas to be Irrigated

Areas to be irrigated and order of priority (1 being the highest) include the following:

Priority 1:

! Wooded area behind (south and east of) NC Forest Service
building (Field 1) (Not on Solid Waste Permit Site);

! Agricultural fields to the south and west of the landfill office
(Field 2) (majority not on Solid Waste Permit Site);

! Area behind (west of) landfill office (Fields 3 & 4 - future Phases
6, 9, and 10); and

! Wooded area south of the leachate storage lagoon (Fields 6, 7, & 8
- future Phases 7 and 8).



Johnston County Landfill Facility Operations Manual:  Appendix E:  Irrigation of Reclaimed Wastewater
June 2007 (Revised:  December 2008)   Page 2

Priority 2:

! Closed landfill areas on Phase 1 & 2, 3, 4, and 5 (LF Cap 1 & 2,
LF Cap 3, LF Cap 4, and LF Cap 5).

Priority 3:

! Inactive borrow areas (Field 5 - future Phases 6 and 7) (Fields 9,
10, & 11).

In addition to these areas, the County plans to use reclaimed wastewater for the control of
dust within the facility and around the County livestock arena (not on Solid Waste Permit
Site).  Figure 1 presents the location of the various planned irrigation areas.

3.2 Periods of Operation

The irrigation system will be operated during the months of April through October with
the exception of Fields 1, 2, and 3.  In addition, irrigation will be discontinued on any day
that rainfall exceeds 0.2 inches.

For Fields 1, 2, and 3, irrigation will be year-round.  A winter cover crop, such as annual
rye, will be used as required.  No irrigation will take place during freezing temperatures. 
Equipment will be drained as required to prevent problems due to freezing temperatures.

3.3 Irrigation Amounts

Irrigation amounts off the landfills will be in accordance with the agronomic rates
determined for the landfill site (based on “wettest” year amounts) in an analysis
performed by Robert Evans, Ph.D., P.E. of N.C. State University and entitled
“Hydrologic Wastewater Reuse Irrigation Analysis for Johnston County”.  Irrigation
amounts on the landfill final covers will be in accordance with HELP model evaluations
performed by Richardson Smith Gardner & Associates, Inc. (formerly G.N. Richardson
& Associates, Inc.).  A tabulation of amounts to be irrigated is given in Table 1. 
Restrictions to these amounts are as stated herein.  Note that based on site monitoring of
the irrigation program (see Section 3.5), future increases to these amounts may be
allowed.

3.4 Irrigation Restrictions

3.4.1 Monitoring Wells

No irrigation will occur within 100 feet of an actively monitored site monitoring
well.
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3.4.2 Closed Landfill Areas

Irrigation over closed landfill areas shall only take place over closed areas which
have at least 2 feet of soil cover or at least 1.5 feet of soil cover and a synthetic
barrier.

3.4.3 Future Landfill Areas

Irrigation over areas designated as future landfill areas (or areas within 300 feet of
future landfill areas) will be discontinued within 2 years before the anticipated
start of construction for that area unless it is demonstrated by use of piezometers,
monitoring wells, or other method (see Section 3.5) that irrigation rates are not
creating an artificial rise in groundwater levels.  Closed landfill areas, if to be
lined over as part of a future landfill area may be irrigated in accordance with
Section 3.4.2.

3.4.4 Borrow Areas

No irrigation will be performed in active borrow areas.  Irrigation may be
performed in inactive borrow areas as long as the ground surface is prepared to
promote vegetation (soil type, nutrients, etc.).

3.5 Site Monitoring of Irrigation Program

In order to monitor the effect of the irrigation program both to ground water quality and
to the ground water table a monitoring program will be implemented.  This program will
consist of two elements.  One will be the addition of sampling and testing of the treated
irrigation water as part of the regular Spring and Fall ground water sampling/testing
events already performed as part of site operations.  After sampling, the irrigation water
will be tested for the same detection monitoring parameters as for the other site samples.

In addition, the second element of the monitoring program will be the installation of
piezometers in each future landfill area to be irrigated (i.e. Phases 6-10).  At a minimum,
one piezometer will be installed roughly in the central portion of the proposed future
landfill phase before irrigation can begin over that area.  The water elevations in these
piezometers will be measured and recorded both during the spring and fall, concurrent
with regular site ground water monitoring, and in the mid-summer.  These levels will be
evaluated in order to determine if there appears to be a rise in ground water elevations
due to the irrigation activities.  Should ground water elevations be maintained within a
couple of feet of initial levels or levels that might otherwise be considered normal
considering other factors such as weather, etc., the irrigation amounts for that area may
be increased.  Likewise, if there appears to be a significant (more than a couple of feet)
increase in ground water elevation, which cannot be otherwise explained, irrigation
activities in this area will be reduced or suspended.  Also, as stated in Section 3.4.3,
irrigation in future landfill areas will be halted at least two years prior to planned
construction activities in that area.
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3.6 System Maintenance and Inspections

Inspection of the irrigation system during periods of operation will be performed by
landfill staff on a weekly basis for the closed landfill areas.  Other areas may be inspected
less frequently, but not less than once per month.  As much of the proposed system will
be above ground, inspection for damaged piping, valves, sprinklers, etc. will be done on a
mostly visual basis.  Should maintenance be required to any portion of the irrigation
system, that part of the system will be shut off until adequate repairs are made.

Table 1:  Irrigation Amounts

Field Max. Daily Application Rate
cm/day (inch/day)

Annual Application Rate
cm/year (inch/year)

Fields 1 and 2 0.60 (0.25) 70 (28)
Fields 3, 4, and 5 0.60 (0.25) 62 (25)
Fields 6, 7, and 8 0.60 (0.25) 42 (17)
Fields 9 and 10
Livestock Arena 0.60 (0.25) 50 (20)

Dust Control 0.60 (0.25) 45 (18)
Field 11 0.60 (0.25) 40 (16)
Landfill Final Cover1 0.25 (0.1) 12 (5)

Note:

1) At a rate less than that which would cause saturation of the upper 9 inches of soil
cover. This will be controlled by the use of soil moisture devices, which will
automatically shut off the irrigation system if the upper 9 inches becomes
saturated.
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SECTION 1.0
CLOSURE PLAN

1.1 OVERVIEW

This plan is intended to serve as a guide for the proposed closure.  A formalized Closure Plan for
each landfill unit (or incremental portion thereof) will be submitted to the Solid Waste Section of
the North Carolina Department of Environment and Natural Resources Division of Waste
Management (DWM) for approval prior to beginning closure construction.

1.2 MAXIMUM CLOSURE AREA AND WASTE CAPACITY

The following are the estimated areas and capacity for each landfill unit to be closed under this
plan.

Landfill Unit Closure Area
(Acres)

Gross Capacity (CY)1 Net (Waste) Capacity
(CY/Tons)1

MSW Landfill Units

Phase 4A (Through Cell 3 -
Fill Sequence 1)

29.4 2,531,948 2,152,156 CY
1,383,316 Tons

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

Total (MSW): 48.6 3,619,147 3,036,781 CY
1,897,497 Tons

C&D Units

Area 1
(See Note 3)

12.9
(See Note 2)

614,472 515,563 CY
304,780 Tons

Area 2 (Cell 1) 11.9 410,675 353,056 CY
212,920 Tons

Total (C&D): 24.8 1,027,345 868,619 CY
517,700 Tons

Notes:
1. The volume and tonnage figures assumed for each landfill unit are based on the site’s Facility

Plan.  Refer to Section 2.0 (Facility Report) of the Facility and Engineering Plan (Attachment A).

2. The Area 1 C&D landfill unit has a total area of 16.2 acres but has a reduced closure area due to
the overlying Phase 4A - Cell 3 MSW landfill unit.

3. The Area 1 C&D landfill unit is currently closed and is awaiting approval of the closure
certification.
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1.3 FINAL COVER SYSTEM

The final cover system will consist of the following components (top-down):

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

The final cover system will be placed on prepared intermediate cover at a maximum slope of
4H:1V.  Surface water control devices will also be incorporated into the final cover of each
landfill unit and some units will have a landfill gas (LFG) control system.  The final cover
surface will be vegetated upon completion of the final cover installation according to the project
seeding specifications.

Placement of the vegetative soil layer over the cover geosynthetics must be done with care to
avoid damage to these materials.  This soil layer should be placed from the bottom up using a
small dozer equipped with low ground contact pressure (6 psi or less) tracks.  A minimum of 12
inches of soil should be maintained between the dozer tracks and the underlying geosynthetics. 
The soil buffer should receive no compaction other than that provided by the dozer tracks.  Pans
or other heavy equipment should not operate on the vegetative soil layer.

Refer to the appropriate permit application for a detailed discussion and details related to the
design of the final cover system for each landfill unit.

1.4 LANDFILL GAS SYSTEM

For the MSW landfill units and C&D landfill units overlying MSW units, a landfill gas system is
provided in the final cover design.  This system includes a system of collection wells placed
within the waste to capture the gas and either passively vent or flare the gas via utility flares or,
as required, actively collect and flare the gas via header piping and a blower/flare system.  The
collection wells should be placed before any geosynthetics are placed.

Refer to the appropriate permit application for a detailed discussion and details related to the
design of the landfill gas system for each landfill unit.

1.5 SURFACE WATER SYSTEMS

Precipitation falling on the cover will infiltrate into the cover or run off the cover.  Short-term
the run-off runs down the surface of the intermediate cover.  Long-term the run-off is collected
in a series of drainage breaks built into the areas covered by final cover.  These drainage breaks
are provided along side slopes (rain gutters and diversion berms).  Water captured by rain gutters
or diversion berms is routed toward one of the down pipes.  Flow in the down pipes is routed to
the base of the landfill and to one of the site sediment basins.

Refer to the appropriate permit application for a detailed discussion and details related to the
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design of surface water systems for each landfill unit.

1.5.1 Incremental Operation

During much of the life of the landfill, surface run-off will be handled by the
intermediate cover system.  Operations must strive to provide operational grading that
encourages run-off from the intermediate cover to drain to the perimeter channels along
the perimeter berms or to areas covered by final cover.  Corrugated polyethylene (CPE)
piping and temporary soil berms must be installed if required to accomplish this run-off
routing.

1.5.2 Required Maintenance

The surface water systems must be inspected annually and immediately after every major
storm.  Sediment build-up in the drainage features/devices must be cleaned out on a
regular basis to promote run-off.  Sediments removed can be used as daily or
intermediate cover.

1.6 CLOSURE SCHEDULE

In general, closure activities will occur on the following schedule:

MSW Landfill Units (15A NCAC 13B.1627(c)(5)):

C No later that 30 days after the date on which the MSWLF unit receives the known
final receipt of wastes; or

C If the MSWLF unit has remaining capacity and there is a reasonable likelihood
that the MSWLF unit will receive additional wastes, no later than one year after
the most recent receipt of wastes.

C&D Landfill Units (15A NCAC 13B.0543(c)(5)):

C No later that 30 days after the date on which the C&DLF unit receives the known
final receipt of wastes;

C No later than 30 days after the date that a 10 acre or greater area of waste, is
within in 15 feet of final design grades; or

C No later than one year after the most recent receipt of wastes, if the C&DLF unit
has remaining capacity.

Prior to beginning closure of any landfill unit, the County will notify the DWM that a notice of
the intent to close the unit has been placed in the operating record.
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All closure activities shall be completed within 180 days.  Exemptions and extensions may be
approved by the DWM.

1.7 CLOSURE VERIFICATION

The following procedures will be implemented following closure:

• A Construction Quality Assurance (CQA) report will be submitted to the DWM. 
This report will describe the observations and tests used before, during, and upon
completion of construction to ensure that the construction materials meet the final
cover design specifications and the construction and certification requirements. 
The CQA report will contain as-built drawings.

• A signed certification from a registered Professional Engineer verifying that
closure has been completed in accordance with the closure plan will be submitted
to the DWM.

• At least one sign notifying all persons of the closing of the landfill (or incremental
portions thereof) and that wastes are no longer accepted will be posted.  Suitable
barriers will be installed as necessary at former access points to prevent new
waste from being deposited.

• Within 90 days, a survey plat, prepared by a registered Professional Land
Surveyor, indicating the location and dimensions of landfill disposal areas, will be
prepared.

• A notation will be recorded on the deed notifying any potential purchaser of the
property that the land has been used as a landfill facility and that future use is
restricted under the approved closure plan.  A copy of the deed notation as
recorded will be filed with the operating record.
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SECTION 2.0
POST-CLOSURE PLAN

2.1 OVERVIEW

This Post-Closure Plan has been developed to outline steps to be taken to ensure the integrity of
the landfill during its post-closure care period.  The post-closure care period will last at least 30
years after final closure and, at a minimum, will consist of the following:

• Maintaining the integrity and effectiveness of final cover system;

• Performing groundwater and surface water monitoring;

• Maintaining and operating a gas monitoring system; and

• Maintaining run-on/run-off controls.

No wastes will remain exposed after closure of the landfill.  Access to the closed site by the
public will not pose a health hazard.

2.2 POST-CLOSURE CONTACT

All correspondence and questions concerning the post-closure care of the unit should be directed
to:

Johnston County Department of Public Utilities
Attn: Director
309 E. Market Street
Smithfield, NC  27577
Phone:  (919) 209-8333
Fax:  (919) 934-7174.

2.3 POST-CLOSURE USE

After filling operations cease at the landfill and the landfill is officially closed in accordance
with the Closure Plan, each landfill unit will be maintained as a grassy hill.  Johnston County
will maintain control of the property and prevent public access to it during the post-closure
period.

There may be (an) access road(s) on the final cover to allow proper maintenance during post-
closure.  Precise location of the access road(s) will be determined as a part of operations.  Low
ground pressure and rubber tire vehicles will be used for maintenance.  Additionally, the County
will maintain access to all site monitoring locations throughout the post-closure period.
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2.4 MAINTENANCE

2.4.1 Repair of Security Control Devices

All security control devices will be inspected and maintained as necessary to ensure
access to the site is controlled.  Locks, vehicular gates, and fencing will be replaced if
functioning improperly.  Warning signs will be kept legible at all times and will be
replaced if damaged by inclement weather or vandalism.

2.4.2 Erosion Damage Repair

If erosion of the final cover occurs during post-closure, the affected area will be repaired
and reseeded as necessary.  If necessary, rolled erosion control products (RECPs) will be
used to expedite rapid revegetation of slopes and to secure topsoil in place.

2.4.3 Correction of Settlement, Subsidence, and Displacement

Minimum slopes of 5 percent will be maintained after settlement in order to prevent
ponding and allow for proper drainage without infiltration.  If vertical or horizontal
displacement occurs due to differential settlement, cracks will be filled with appropriate
material and final cover will be reestablished.  Excessive vertical displacement is not
anticipated.

2.4.4 Leachate Management System (Lined Units)

In order to maintain the free flow in leachate collection piping, they will be cleared of
debris using the manholes or cleanout locations for access.  If pipes should crush or
buckle within the landfill, leachate will flow through the gravel columns.  The leachate
collection system (LCS) includes a continuous blanket drain on the base of the landfill
which will allow drainage of leachate even in the very unlikely event of total failure of
the leachate collection pipes.

2.4.5 Closure of Leachate Storage Lagoon

After closure of the lined landfill units has been achieved, the generation of leachate will
eventually curtail.  The flow rate immediately after closure should decrease to
approximately 100 gallons/acre/day.  Toward the end of the 30-year post-closure period,
the flow should approach zero, at which time the storage lagoon will not be required. 
The following procedures will be followed to properly close the leachate storage lagoon:

• Completely drain and remove all liquids, sludges, sediments, etc. from the
storage lagoon.

• Disassemble the lagoon, piping, and appurtenances and dispose of the
contents in a manner approved by the DWM.

• Sample and analyze the underlying soil for appropriate constituents
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inherent to leachate.  Assess the results for evidence of contaminant
migration.

• If contamination of underlying soils is exhibited, perform an assessment as
to the degree of contamination and develop remedial actions.

• Obtain approval of the DWM for the assessment and associated remedial
measures.

• Perform the remedial actions as necessary to limit any threats to public
health and the environment.

• Restore the area to closely match pre-existing conditions in the vicinity of
the containment areas.  Activities may include:  filling, grading,
topsoiling, and seeding.

2.4.6 Repair of Run-On/Run-Off Control Structures

All drainage swales, ditches, and perimeter channels will be repaired, cleaned, or
realigned in order to maintain their original condition.  Any culverts that are damaged
will be repaired or replaced.

2.4.7 Landfill Gas System

The landfill gas (LFG) system will be maintained by the County and operated in
accordance with any site air quality permits.  Proper operation of the system is verified
through testing at the landfill gas monitoring wells.

If gas wells/vents do not function as a result of irregular settlement, accumulation of
liquids (condensate, leachate, water), binding or corrosion, additional and/or replacement
wells/vents can be installed if necessary in accordance with the current LFG Management
Plan.

At the point that LFG recovery drops below the minimum rates necessary for operation
of an active gas collection and control system, the active system will be decommissioned
and the wells will be converted to passive vents or capped as appropriate. 
Decommissioning of the active system will consist of the removal of the LFG flare,
blower and equipment skids, fencing, and related electrical components.  Piping and
structures which have been in contact with LFG condensate will be removed and
disposed of in a manner approved by the DWM.  LFG piping and structures within the
limits of the landfill units will be abandoned in-place if possible in a manner approved by
the DWM to minimize the potential for damage to the final cover system of each unit. 
Once decommissioning activities are complete, the area(s) will be restored (grading as
required and revegetation).   

Any damage caused to the landfill liner or final cover systems as the result of
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maintenance, repair, or decommissioning of the LFG system will be repaired following
the appropriate specifications and construction quality assurance (CQA) requirements.

2.4.8 Groundwater Monitoring Wells

Procedures outlined in the current Water Quality Monitoring (WQM) Plan or subsequent
revision will take precedence; however, a brief description follows.  All groundwater
monitoring wells have been installed with concrete pads and protective casings to prevent
accidental damage by vehicles and equipment.  The wells are also equipped with a
locking cap to discourage vandalism.  Groundwater wells will be inspected regularly (at
the time of sampling) to ensure integrity.  Persons inspecting a well should look at the
overall condition of the well, for signs of well tampering, and cracking or degradation of
the concrete pad.  Should a well require replacement, the defective well should be
abandoned in accordance with specifications provided in the WQM Plan and a new well
installed at a location that is approved by the DWM.

2.5 MONITORING PLAN

The closed unit will be monitored for a minimum of 30 years.  A series of inspections will be
scheduled to ensure the integrity and effectiveness of the final cover system, surface water
systems, groundwater monitoring system, landfill gas system, and to protect human health and
the environment.

2.5.1 Inspection Frequencies

Inspections to be conducted during the post-closure care period will occur regularly as
shown in Table 2.1.

2.5.2 Quarterly Inspections

Quarterly inspections of the closed site will be conducted by the County.  These
inspections will include examination of the security control devices for signs of
deterioration or vandalism to ensure access to the site is limited to authorized persons. 
Each disposal area will be checked to ensure the integrity of the final cover system is
maintained, erosion damage is repaired, vegetative cover persists, and that cover
settlement, subsidence, and displacement are minimal.  Drainage swales and channels
will be cleared of litter and debris and benchmark integrity will be noted and maintained.

2.5.3 Semi-Annual Inspections

Semi-annual inspections of the site during the post-closure period will be conducted by
the County with attention paid to integrity and drainage of the final cover system and
condition of the groundwater and gas monitoring systems.

A report of findings will be made to the responsible party, including recommendations
for actions deemed necessary to ensure the site continues to meet the closure performance
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standard.

2.6 ENGINEERING CERTIFICATION

Based on the County's monitoring reports, annual certifications by a registered engineer will be
placed in the operating record.  They will certify that the closure plan has been followed, noting
discrepancies along with the corrective actions undertaken.  At the end of the post closure
period, the individual certifications will be compiled into a final document and forwarded to the
DWM.
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TABLE 2.1: POST-CLOSURE INSPECTION FREQUENCIES

INSPECTION ACTIVITY YEAR 1 YEARS 2-30

Security Control Devices Quarterly Quarterly

Vegetative Cover Condition Quarterly1 Quarterly

Surface Water Systems Quarterly1 Quarterly

Erosion Damage Quarterly1 Quarterly

Cover Drainage System Quarterly1 Semi-Annually

Cover Settlement, Subsidence, and Displacement Quarterly1 Semi-Annually

Leachate Management System Quarterly Semi-Annually

Landfill Gas System Quarterly2 Semi-Annually2

Water Quality Monitoring Semi-Annually3 Semi-Annually3

Landfill Gas Monitoring Quarterly4 Quarterly4

Benchmark Integrity Annually Annually

Leachate Collection Pipe Inspection/Cleanout See Note 5

Notes:

1. These items will be inspected after each large storm event (i.e. > 1 inch in any 24
hours).

2. Or in accordance with the current Landfill Gas Management Plan or air quality
permit(s). 

3. Or in accordance with groundwater monitoring schedule described in the current
Water Quality Monitoring Plan.

4. Or in accordance with the current LFG Monitoring Plan.
5. Remote camera inspection and flushing (if necessary) of leachate collection

piping (portion that can be inspected and cleaned) will be performed every 3
years.  If piping is mostly clean at a 3-year interval, the County may petition the
DWM to increase the inspection/cleaning frequency to a 5-year interval.



1The MSW Phases 1-4 units (previously closed), the MSW Phase 4A unit, and the C&D Areas 1 and 2
units are combined in that these units are in the same portion of the site.
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SECTION 3.0
CLOSURE/POST-CLOSURE COST ANALYSIS

3.1 OVERVIEW

The purpose of this section is to provide a written estimate in current dollars of costs associated
with all activities specified in the written closure and post-closure plans which have been
developed for the MSW and C&D landfill units of the Johnston County Landfill.

3.2 ESTIMATED CLOSURE COSTS

Tables 3.1A, 3.1B, 3.1C, and 3.1D summarize the estimated costs for complete closure of the
MSW Phase 4A (Cells 1-3), MSW Phase 5, C&D Area 1, and C&D Area 2 (Cell 1) landfill
units, respectively (the maximum area to be closed).  The cost estimate for each unit is based on
a third party providing the necessary services and includes labor in the unit prices given.  The
estimated closure costs will be reviewed and updated as required to reflect adjustments for
inflation, increased costs in construction or materials, or any other adjustments to the Closure
Plan.

3.3 ESTIMATED POST-CLOSURE COSTS

Tables 3.2A and 3.2B summarize the estimated costs for the post-closure care maintenance
activities for MSW Phases 1-4A and C&D Areas 1-21 and the MSW Phase 5 landfill unit.  The
cost estimate for each is based on a third party providing the necessary services and includes
labor in the unit prices given.  The estimated post-closure costs will be reviewed and updated as
required to reflect adjustments for inflation, rising costs of anticipated post-closure care, or any
other adjustments to the Post-Closure Plan.

3.4 ESTIMATED ASSESSMENT AND CORRECTIVE ACTION COSTS

Table 3.3 summarizes the current potential assessment and corrective (remedial) action cost for
the landfill facility.  This cost is based on the required minimum amount ($2,000,000) per NCGS
130A 295.2(h) (as modified by Session Law 2011-262) and includes amounts for water quality
and landfill gas (LFG) monitoring and reporting (per NC DWM policy) plus contingency funds
to cover potential future assessment and corrective action costs.

3.5 FINANCIAL ASSURANCE MECHANISM

Johnston County intends to continue to use the Local Government Financial Test (15A NCAC
13B.1628(e)(1)(f)) to demonstrate financial assurance for this facility. 
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TABLE 3.1A:  MSW - PHASE 4A - CLOSURE COST ESTIMATE1

ITEM QUANTITY UNITS UNIT COST ITEM COST
(2011 $)

Surface Preparation 29.4 Acre $10,000 $294,000

Landfill Gas System 29.4 Acre $15,000 $441,000

30 mil Textured LLDPE Geomembrane 1,281,000 SF $0.45 $576,450

Drainage Geocomposite 1,281,000 SF $0.55 $704,550

Vegetative Soil Layer (24") 95,000 CY $5.00 $475,000

Erosion Control (Rain Gutters,
Diversion Berms, Down Pipes,
Drainage Channels, Etc.)

29.4 Acre $15,000 $441,000

Revegetation 29.4 Acre $1,500 $44,100

Surveying 29.4 Acre $2,000 $58,800

Subtotal: $3,034,900

Bonds, Mobilization, & Insurance (4% of Subtotal): $121,396

Subtotal: $3,156,296

Contingency (10%): $315,630

Construction Subtotal: $3,471,926

Engineering 29.4 Acre $2,000 $58,800

CQA 29.4 Acre $6,000 $176,400

TOTAL: $3,707,126

Notes:

1. Assumes closure of 29.4 acres (Phase 4A).
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TABLE 3.1B:  MSW - PHASE 5 - CLOSURE COST ESTIMATE1

ITEM QUANTITY UNITS UNIT COST ITEM COST
(2011 $)

Surface Preparation 19.2 Acre $10,000 $192,000

Landfill Gas System 19.2 Acre $15,000 $288,000

30 mil Textured LLDPE Geomembrane 837,000 SF $0.45 $376,650

Drainage Geocomposite 837,000 SF $0.55 $460,350

Vegetative Soil Layer (24") 62,000 CY $5.00 $310,000

Erosion Control (Rain Gutters,
Diversion Berms, Down Pipes,
Drainage Channels, Etc.)

19.2 Acre $15,000 $288,000

Revegetation 19.2 Acre $1,500 $28,800

Surveying 19.2 Acre $2,000 $38,400

Subtotal: $1,982,200

Bonds, Mobilization, & Insurance (4% of Subtotal): $79,288

Subtotal: $2,061,488

Contingency (10%): $206,149

Construction Subtotal: $2,267,637

Engineering 19.2 Acre $2,000 $38,400

CQA 19.2 Acre $6,000 $115,200

TOTAL: $2,421,237

Notes:

1. Assumes closure of 19.2 acres (Phase 5).
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TABLE 3.1C:  C&D - AREA 1 - CLOSURE COST ESTIMATE1

ITEM QUANTITY UNITS UNIT COST ITEM COST
(2011 $)

Surface Preparation 12.9 Acre $10,000 $129,000

Landfill Gas System 12.9 Acre $15,000 $193,500

30 mil Textured LLDPE Geomembrane 562,000 SF $0.45 $252,900

Drainage Geocomposite 562,000 SF $0.55 $309,100

Vegetative Soil Layer (24") 42,000 CY $5.00 $210,000

Erosion Control (Rain Gutters,
Diversion Berms, Down Pipes,
Drainage Channels, Etc.)

12.9 Acre $15,000 $193,500

Revegetation 12.9 Acre $1,500 $19,350

Surveying 12.9 Acre $2,000 $25,800

Subtotal: $1,333,150

Bonds, Mobilization, & Insurance (4% of Subtotal): $53,326

Subtotal: $1,386,476

Contingency (10%): $138,648

Construction Subtotal: $1,525,124

Engineering 12.9 Acre $2,000 $25,800

CQA 12.9 Acre $6,000 $77,400

TOTAL: $1,628,324

Notes:

1. Assumes closure of 12.9 acres (Area 1).
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TABLE 3.1D:  C&D - AREA 2 - CLOSURE COST ESTIMATE1

ITEM QUANTITY UNITS UNIT COST ITEM COST
(2011 $)

Surface Preparation 11.9 Acre $10,000 $119,000

Landfill Gas System 11.9 Acre $15,000 $178,500

30 mil Textured LLDPE Geomembrane 519,000 SF $0.45 $233,550

Drainage Geocomposite 519,000 SF $0.55 $285,450

Vegetative Soil Layer (24") 39,000 CY $5.00 $195,000

Erosion Control (Rain Gutters,
Diversion Berms, Down Pipes,
Drainage Channels, Etc.)

11.9 Acre $15,000 $178,500

Revegetation 11.9 Acre $1,500 $17,850

Surveying 11.9 Acre $2,000 $23,800

Subtotal: $1,231,650

Bonds, Mobilization, & Insurance (4% of Subtotal): $49,266

Subtotal: $1,280,916

Contingency (10%): $128,092

Construction Subtotal: $1,409,008

Engineering 11.9 Acre $2,000 $23,800

CQA 11.9 Acre $6,000 $71,400

TOTAL: $1,504,208

Notes:

1. Assumes closure of 11.9 acres (Area 2 - Cell 1).
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TABLE 3.2A:  MSW PHASES 1-4A - C&D AREAS 1-2 - POST-CLOSURE 
  COST ESTIMATE1

ITEM QUANTITY UNIT UNIT COST TOTAL
(2011 $)

Site Inspection And Record Keeping 80 HR $75 $6,000

Revegetation (5% Total Area) 5 Acre $1,500 $7,500

Mowing (once per year) 100 Acre $100 $10,000

Erosion Control 1 LS $5,000 $5,000

Gates/Fences/Access 1 LS $2,000 $2,000

LFG System2 1 LS $5,000 $5,000

Leachate Management3 1 LS $45,149 $45,149

Subtotal: $80,649

Contingency (10%): $8,065

ANNUAL TOTAL: $88,714

30-YEAR TOTAL: $2,661,420

Notes:

1.  Assumes post-closure of 100 acres (MSW Phases 1-4A and C&D Areas 1 and Area 2 -
Cell 1).

2.  LFG system costs include basic maintenance necessary for regulatory compliance
($4,000 per year) and decommissioning ($1,000 per year to account for half of assumed
$60,000 cost) at end of post-closure period. 

3.  Leachate treatment based on 100 gal/ac/day x 41.3 acres lined x 365 x $20/1,000 gal.
($30,149/year) plus $5,000/year staff cost plus $3,000/year lab cost plus $2,000/year
leachate collection line cleanout costs.  Also include $5,000 per year to account for
decommissioning leachate facilities (storage lagoon) (half of assumed $300,000 assumed
cost) at the end of the post-closure period.
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TABLE 3.2B:  MSW PHASE 5 - POST-CLOSURE COST ESTIMATE1

ITEM QUANTITY UNIT UNIT COST TOTAL
(2011 $)

Site Inspection And Record Keeping 20 HR $75 $1,500

Revegetation (5% Total Area) 1 Acre $1,500 $1,500

Mowing (once per year) 20 Acre $100 $2,000

Erosion Control 1 LS $5,000 $5,000

Gates/Fences/Access 1 LS $2,000 $2,000

LFG System2 1 LS $5,000 $5,000

Leachate Management3 1 LS $29,016 $29,016

Subtotal: $46,016

Contingency (10%): $4,602

ANNUAL TOTAL: $50,618

30-YEAR TOTAL: $1,518,540

Notes:

1.  Assumes post-closure of 19.2 acres (MSW Phase 5).
2.  LFG system costs include basic maintenance necessary for regulatory compliance

($4,000 per year) and decommissioning ($1,000 per year to account for half of assumed
$60,000 cost) at end of post-closure period. 

3. Leachate treatment based on 100 gal/ac/day x 19.2 acres lined x 365 x $20/1,000 gal.
($14,016/year) plus $5,000/year staff cost plus $3,000/year lab cost plus $2,000/year
leachate collection line cleanout costs.  Also include $5,000 per year to account for
decommissioning leachate facilities (storage lagoon) (half of assumed $300,000 assumed
cost) at the end of the post-closure period.
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TABLE 3.3:  ASSESSMENT & CORRECTIVE ACTION COST ESTIMATE1

ITEM ANNUAL COST 30-YEAR TOTAL
(2011 $)

MSW - Phases 1-4A - C&D Areas 1-2 (See Notes 2
and 4):

Water Quality Monitoring & Reporting

LFG Monitoring & Reporting

$66,000

$ 3,000

$1,980,000

$90,000

MSW - Phase 5 (See Notes 3 and 4):
Water Quality Monitoring & Reporting

LFG Monitoring & Reporting

$34,000

$ 3,000

$1,020,000

$90,000

TOTAL: $3,180,000

Notes:

1.  Per NCGS 130A 295.2(h) (as modified by Session Law 2011-262).
2. The water quality monitoring and reporting cost for MSW Phases 1-4A and C&D Areas

1-2 assumes 33 long-term wells/points sampled semi-annually @ $33,000 per event
(annual cost = $66,000).

3. The water quality monitoring and reporting cost for MSW Phase 5 assumes 17 long-term
wells/points sampled semi-annually @ $17,000 per event (annual cost = $34,000).

4. The LFG monitoring and reporting costs assume quarterly monitoring for each unit at a
cost of:  $750/event (MSW Phases 1-4A and C&D Areas 1-2) (annual cost = $3,000);
$750/event (MSW Phase 5) (annual cost = $3,000).  Cost is reflective of combined
monitoring events for both areas. 
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1.0 INTRODUCTION 
 
1.1 OVERVIEW 
 
This Water Quality Monitoring Plan (WQMP) specifies the procedures and requirements to satisfy 
North Carolina Solid Waste Management Rule 15A NCAC 13B.0544 (b) and (c).  The WQMP 
addresses two major elements: groundwater system monitoring/sampling and surface water 
monitoring/sampling. 
 
The WQMP will meet the following requirements: 
 

• Represent the quality of the background groundwater that has not been affected by 
leakage from the unit (.0544 (b)(1)(A) and .1631(1)). 
   

• Represent the quality of the groundwater passing the relevant point of compliance 
as approved by the Division (.0544 (b)(1)(B) and .1631(2)). 
   

• The groundwater monitoring programs must include consistent sampling and 
analysis procedures that are designed to ensure monitoring results that provide an 
accurate representation of groundwater quality at the background and down-
gradient wells (.0544 (b)(1)(C) and .1632(a)). 
   

• Detection Groundwater monitoring program (.0544 (b)(1)(D) and .1633). 
   

• The sampling procedures and frequency must be protective of human health and 
the environment (.0544 (b)(1)(E) and .1632(c) and .1633(b)). 
 

• Responsibility of sample collection and analysis must be defined as a part of the 
monitoring plan (.0544 (c)(2) and .1632). 

 
This WQMP also addresses the following procedures that will be implemented to ensure the 
integrity of each sampling event: 
 

• Sample preservation and shipment; 
 

• Laboratory analytical procedures; 
 
• Sample Chain-of-custody control; and 

 
• Quality assurance/quality control programs.  

 
The methods and procedures described in the WQMP are intended to facilitate the collection of 
true and representative samples and test data.  Field procedures are presented in Section 2.0 in 
their general order of implementation.  Equipment requirements for each field task are presented 
within the applicable section.  Laboratory procedures, quality assurance methods, and record 
keeping requirements are presented in Sections 3.0 through 6.0.   
 
Strict adherence to the procedures stipulated in this plan is required.  Any variations from 
these procedures should be thoroughly documented.   
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1.2 CONTACT INFORMATION 
 
In case of emergencies, or if questions arise during the implementation of this program, please 
contact the following: 

 

1.2.1 Johnston County Landfill 
 

680 County Home Road 
Smithfield, North Carolina 27577 
Phone: (919) 638-4750 
Fax: (919) 934-7174  
Mr. Rick Proctor – Solid Waste Division Manager 

  rick.proctor@johnstonnc.com   

1.2.2 Engineer 
 

Smith Gardner, Inc. 
14 N. Boylan Avenue 
Raleigh, North Carolina 27603 
Phone: (919) 828-0577 
Fax: (919) 828-3899  
 
Ms. Joan A. Smyth, P.G. – Senior Hydrogeologist 

  joan@smithgarnderinc.com 
   
  Mr. Pieter K. Scheer, P.E. – Senior Engineer 
  pieter@smithgardnerinc.com  
 

1.2.3 NCDENR 
 

North Carolina Department of Environment and Natural Resources 
Division of Waste Management: 
  
 Raleigh Central Office (RCO) 
217 W Jones Street 
Raleigh, North Carolina  27603  
Phone:  (919) 707-8200 
 
Fayetteville Regional Office (FRO) 
225 Green Street, Suite 714 
Fayetteville, North Carolina 28301 
Phone: (910) 486-1541 
Fax: (910) 486-0707 
 
Division of Waste Management (DWM) – Solid Waste Section 
 
Field Operations Branch Head: Mark Poindexter (RCO) 
Eastern District Supervisor: Dennis Shackelford (FRO) 
Waste Management Specialist: Mary Whaley ((919) 693-5023) 



 
Johnston County Landfill  Water Quality Monitoring Plan 
August 2012  Page 3 

    
1.3 SITE BACKGROUND 
 
The Johnston County Landfill Facility (Permit 51-03), located at 680 Country Home Road, 
Smithfield, NC, has been in operation since 1973, and contains multiple lined and unlined 
municipal solid waste (MSW) and construction and demolition debris (C&D) units.  The facility is 
located approximately 5 miles west of Smithfield.  Local development consists of a mix of 
residential and agricultural use.  The site and monitoring locations are shown on Figure 1. 

1.3.1 Geology 
 
The site is located in the western portion of the Coastal Plain Province in the fall zone.  
The formations found in this area consist of sediments of Cretaceous and Tertiary age, 
unconformably overlying metamorphic rocks of Pre-Cambrian to Cambrian age.  The site 
is underlain by sediments of the Middendorf Formation which were deposited largely in a 
deltaic system.  According to Geology of the Carolinas (Horton/Zullo, 1991) the formation 
consists of unfossiliferous, interbedded, thin clay and sand.  The stratigraphy tends to be 
very discontinuous, indicating that the sediment deposits are lenticular.  Most of the 
sediments range from silty clay to a coarse clayey sand and gravel with thin lenses of 
dense clay.  There are occasional concretions of iron oxide minerals which form very 
hard thin layers within the sand layers.  The Middendorf Formation dips very gently to the 
east, and is underlain by highly weathered metamorphic rocks of the Carolina Slate Belt. 

 
Borings advanced at the site encountered sandy silts consistent with the Middendorf 
Formation, and partially weathered rock above bedrock.  The bedrock encountered was a 
metamorphosed mudstone.  The depths of these borings ranged between 15 feet and 75 
feet deep.  The unconsolidated sediments consisted of mostly silty sands and sandy silts 
with some clayey sand as well.  The metamudstone bedrock was encountered at a depth 
of approximately 15 feet in the floodplain around the site, and at a depth of approximately 
50 feet elsewhere on-site.  Diabase dikes have also been located at the site beneath the 
Area 2 C&D landfill unit, the floodplain of Middle Creek, and the Phase 5 MSW landfill 
unit. 

1.3.2 Hydrogeology 
 
The hydrogeology at this site has been investigated through numerous piezometers, 
groundwater monitoring wells, aquifer slug tests and aquifer pumping tests.  
Groundwater flow is generally north across the site, except for the Phase 5 unit where the 
flow is generally northwest; in both instances groundwater flows toward Middle Creek, 
the local discharge feature.  The uppermost aquifer consists of sands and silts and is 
unconfined in nature. Depth to groundwater ranges from approximately 5 to 40 feet below 
grade across the site.   

 
The uppermost aquifer at the site primarily consists of silty and clayey sands.  Hydraulic 
conductivity values measured in the soil aquifer varies on the order of 0.0083 ft/day to 
0.289 ft/day based upon prior investigations. 
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 2.0 MONITORING PROGRAM 
 
2.1 OVERVIEW 
 
This section of the Water Quality Monitoring Plan addresses each aspect of the monitoring 
program.  At a minimum, Johnston County Landfill will monitor the groundwater quality on a 
semi-annual basis.  
 
2.2 MONITORING NETWORK AND ANALYTICAL PARAMETERS 
 
Historic groundwater elevations indicate that groundwater generally flows north at the MSW and 
C&D landfill toward the discharge point of Middle Creek.  There are 26 groundwater wells, 4 
surface water locations and 8 leachate sampling points proposed for inclusion in the monitoring 
network.  In general, these are similar to the previous Water Quality Monitoring Plan; however, 
modifications from prior monitoring events are discussed in detail in Section 2.2.1.   
 
The monitoring network was installed to monitor groundwater in the uppermost aquifer and is 
expected to be adequate to detect releases from the landfill.  The monitoring system is shown on 
Figure 1.  Well locations are summarized in Table 1 and Appendix I parameters are listed in 
Table 2.  
 

2.2.1 Modifications from Previous Monitoring Network 
 
The Johnston County Landfill Facility (Permit#51-03) is composed of multiple 
adjacent/”piggy-back” landfill units that have been previously  reported under three 
separate covers:  Johnston County C&D, Johnston County MSW Phases 1-4 and 4A and 
Johnston County MSW Phase 5.  The various units were installed at different times 
creating multiple well sets with each expansion.  To improve cohesiveness, avoid 
redundancy, and remove potential false positive detections, the monitoring network will 
be sampled and reported together.   
 
 Monitoring wells labeled “CDMW” have historically been associated with the lined Area 
C&D landfill unit and are located in this general vicinity.  Monitoring wells labeled “MW-5“  
have historically been associated with the lined Phase 5 MSW landfill unit.  The remaining 
wells are associated with unlined MSW Phases 1-4 and double-lined Phase 4A MSW 
landfill unit which ”piggy-backs” on unlined MSW Phases 3 and 4.  The landfill units and 
the existing groundwater monitoring well locations are shown on Figure 1.  Monitoring 
well MW-3 will be used as the background (upgradient) well for the entire facility. 
 
Wells (CDMW-2, CDMW-4, CDMW-9D, MW-3, MW-4B, MW-8D, MW-11, MW-12B, MW5-2, 
MW5-6, MW5-8 and PZ-3) will be sampled semi-annually.  Background locations and 
those wells with frequent detections above the ground water standard (15A NCAC 2L.0100 
et seq) that require consistent monitoring are included in this group.  These well locations 
provide advance notice of potential contamination prior to the relative point of compliance.   
 
Wells (CDMW-4, CDMW-6, CDMW-7, CDMW-8, MW-6, MW-14D, MW-15D, MW-16D, MW5-
3, MW5-4, MW5-5, MW5-7, MW5-9 and MW5-10) will be sampled annually.  These 
locations have historically had minimal to no detections and are in locations that provide 
data on groundwater contamination before it reaches the relative point of compliance. 
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Wells (CDMW-1, CDMW-3, CDMW-5, CDMW-5D, CDMW-8D, CDMW-9, MW-4D, MW-5A, 
MW-7, MW-7B, MW-7D, MW-8A, MW-9C, MW-9D, MW-10, MW-17 and MW5-1) will be 
removed from the monitoring network.  Wells were chosen to be removed from the 
network due to redundancy, inadequate recharge, or locations too close to the waste limit 
which potentially invalidates the data.  These wells will not be abandoned but remain in 
place for additional water level data or potential additional sampling  in the event further 
delineation data is necessary in the future. 
 
Surface water sampling locations (SW-1, SW-2, SW5-1 and SW5-2) will be utilized to 
monitor Middle Creek and its tributaries for potential impact from the landfill.  Sampling 
point CDSW-1 was chosen to be removed from the network due to being historically dry.  
Surface water locations will be sampled semi-annually.  
 
Monitoring of wells surrounding the leachate storage pond (Leachate lagoon #1, leachate 
lagoon #2, leachate lagoon #3 and leachate lagoon #4) will be performed annually.   
 
Leachate sampling locations for the Phase 4A MSW Landfill, the Phase 4A leak detection 
zone, the Phase 5 – north end manhole, and lined C&D landfill will be sampled semi-
annually.  The leachate junction box for multiple landfill units was removed from the 
monitoring network because it is a composite leachate sample that does not provide 
additional data.  Leachate will be monitored in accordance with the guidance detailed in 
Section 2.3.1.1. 

 
2.3   GROUNDWATER SAMPLE COLLECTION  

2.3.1 Introduction   
This section presents details of the procedures and equipment required to perform 
groundwater field measurements and sampling from monitoring wells during each 
monitoring event.  Where possible, sampling will proceed from least to (potentially) 
most contaminated, or from the upgradient (background) wells to downgradient 
(compliance) wells.    

2.3.1.1 Guidance Documents 
Sampling, analysis, and submittals will be performed in accordance with this 
plan and the following guidance documents: 
 
1. Groundwater, Surface Water and Soil Sampling for Landfills – NCDENR 
       Guidance updated April 2008. 
 
2. October 27, 2006 Memo from NCDENR entitled "New Guidelines for 
       Electronic Submittal of Environmental Monitoring Data." 
 
3. February 23, 2007 Memo from NCDENR entitled Addendum to October 27, 
       2006, North Carolina Solid Waste Section Memorandum Regarding New  
       Guidelines for Electronic Submittal of Environmental Data. 
 
4. October 16, 2007 Memo from NCDENR entitled Environmental Monitoring  
       Data for North Carolina Solid Waste Management Facilities. 
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2.3.1.2 Fuel-Powered Equipment 
Fuel-powered equipment, such as generators for pumps, must be situated away 
and downwind from sampling activities (i.e. purging and sampling).  If field 
conditions prevent such placement, then the fuel source must be placed as far 
away as possible from the sampling activities.  Sampling conditions must be 
described in detail in the field notes.   
 
If fuel must be handled, it should be done the day before sampling.  Effort should 
be made to avoid handling fuels on the day of sampling.  If fuels must be 
dispensed during sampling activities, dispense fuel downwind and well away from 
any sampling locations.  Wear gloves while working with fuel and dispose of the 
gloves away from sampling activities.  Wash hands thoroughly after handling any 
fuels. 

2.3.1.3  Equipment Decontamination 
Non-dedicated equipment that may come in contact with the well casing and 
water will be decontaminated between wells.  The procedure for decontaminating 
non-dedicated equipment is as follows: 
 
1. Don new powder-free gloves. 
 
2. Clean item with tap water and phosphate-free laboratory detergent Liqui-Nox 

                                   or equivalent using a brush if necessary to remove particulate matter and           
                                   surface films. 

 
3.    Rinse thoroughly with pesticide grade isopropanol and allow to air dry. 
 
4.  Rinse with organic-free water (Milli-Q water or other ultra-pure water) and          
      allow to air dry. 

 
5.  Wrap with commercial-grade aluminum foil, if necessary, to prevent 
     contamination of equipment during storage or transport.  
 
Please note that Liqui-Nox detergent solutions will be stored in a clearly marked 
HDPE or PP container.  Containers for pesticide-grade isopropanol will be made 
of inert materials such as Teflon, stainless steel, or glass. 
 
Sampling will be planned and conducted to minimize the need for 
decontamination in the field through the use of dedicated sampling equipment, or 
a new, disposable, Teflon bailer at each well.  Unclean equipment will be 
segregated from clean equipment during field activities.  Clean equipment will 
remain in the manufacturer's packaging until use, or will be wrapped in 
commercial-grade aluminum foil or untreated butcher paper. 

2.3.2 Water Level Measurements 

2.3.2.1 Static Water Levels 
Static water level and depth to the well bottom will be measured in each well 
prior to any purging or sampling activities.  Static water level and well depth 
measurements are necessary to calculate the volume of stagnant water in the 
well prior to purging.  Additionally, these measurements provide a field check on 
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well integrity, degree of siltation, and are used to prepare potentiometric maps, 
calculate aquifer flow velocities and monitor changes in site hydrogeologic 
conditions.  
 
Groundwater depths will be measured to a vertical accuracy of 0.01 feet relative 
to established wellhead elevations.  Each well will have a permanent, easily 
identified reference point on the lip of the well riser from which water level 
measurements will be taken.  The elevation of the reference point will be 
established by a Registered Land Surveyor.    

2.3.2.2 Contamination Prevention 
Upon opening each well, new powder-free nitrile surgical gloves will be donned.  
Appropriate measures will be implemented during measurement activities to 
prevent soils, decontamination supplies, precipitation, and other potential 
contaminants from entering the well or contacting clean equipment.  

2.3.2.3 Equipment 
An electronic water level indicator will be used to accurately measure depth to 
groundwater in each well and/or piezometer.  The electronic water level indicator 
will be constructed of inert materials such as stainless steel and Teflon.   
Between each well, the device will be thoroughly decontaminated by washing 
with non-phosphate (Liqui-Nox) soap and rinsing with organic-free water to 
prevent cross contamination from one well to another.   
  
The following measurements will be recorded in a dedicated field book prior to 
sample collection (see Section 6.0 for a detailed description of collected field 
notes): 
 

 Depth to static water level and well bottom (to the nearest 0.01 foot); 
 

 Height of water column in the riser (based upon measured depth of well); 
 

 Condition of wellhead protective casing, base pad and riser; and 
 

 Changes in condition of well and surroundings. 

2.3.3 Monitoring Well  Evacuation 

2.3.3.1 Description 
Water accumulated in each well may be stagnant and unrepresentative of 
surrounding aquifer conditions and therefore must be removed to insure that 
fresh formation water is sampled.   Each well will be purged of standing water in 
the well casing following the static water level measurement.  Ideally, monitoring 
well evacuation should be performed in upgradient wells first then systematically 
move to downgradient well locations. 

2.3.3.2 Contamination Prevention 
New, non-powdered, nitrile surgical gloves will be donned for well purging and 
sampling activities and whenever handling decontaminated field equipment.  
Appropriate measures will be applied during measurement, purging and 
sampling activities to prevent surface soils, decontaminated supplies, 
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precipitation, and other potential contaminants from entering the well or 
contacting cleaned equipment. 

2.3.3.3 Calculations 
The volume of standing water in the well riser and screen will be calculated 
immediately before well evacuation during each monitoring event.  A standing 
water volume will be calculated for each well using measured static water level, 
well depth and well casing diameter according to the following equation:  
 
  V = (TD - SWL) x C 
Where:  V =  One well volume (gallons) 
  TD =  Total depth of the well (in feet) 
  SWL =  Static water level (in feet) 
  C =  Volume constant for given well diameter (gallons/foot) 
   C = 0.163 gal/ft for two-inch wells. 
   C = 0.653 gal/ft for four-inch wells. 

2.3.3.4 Well Purging 
 Several options for well purging are used at this site including: 
 

 Bailers; 
 Low Flow Pumps; and 
 Grundfos Redi-Flo Pumps. 

 
Bailers – Where bailers are used, new, disposable bailers with either double or 
bottom check-valves will be used to purge each well.  Disposable purge bailers 
will be constructed of fluorocarbon resin (Teflon) or inert plastic suitable for the 
well and ground conditions.  Each bailer will be factory-clean and remain sealed 
in a plastic sleeve until use.  A new Teflon-coated stainless steel, inert mono-
filament line or nylon cord will be used for each well to retrieve the bailers.  
Where bailers are used, a minimum of three well volumes will be purged unless 
the well runs dry. 
 
Low Flow Pumps – Monitoring wells may be purged and sampled using the low-
flow sampling method in accordance with the Solid Waste Section Guidelines for 
Groundwater, Soil, and Surface Water Sampling (NCDENR, 2008).   
 
Obtain depth-to-water measurements using an electronic water level indicator 
capable of recording the depth to an accuracy of 0.01 foot.  Determine if the water 
table is located within the screened interval of the well.  If the water table is not 
within the screened interval, the achievable drawdown before intersection with 
the screen will be calculated.  If the water table is within the screened interval, 
total drawdown should not exceed 1 foot to minimize the aeration and turbidity.  If 
the water table is above the top of the screened interval, drawdown should be 
minimal to prevent screen exposure. 
 
If the purging equipment is non-dedicated, the equipment will be lowered into the 
well, taking care to minimize water column disturbance.  If conditions (i.e., water 
column height and well yield) allow, the pump will be situated in the upper portion 
of the water column (minimum of 18 inches of pump submergence is 
recommended). 
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The minimum volume/time period for obtaining independent Water Quality 
Parameter Measurements (WQPM) will be determined.  The minimum 
volume/time period is determined based on the stabilized flow rate and the 
amount of volume in the pump and the discharge tubing (alternatively, the volume 
of the flow cell can be used, provided it is greater than the volume of the pump 
and discharge tubing).  Bladder pump volume should be obtained from the 
manufacturer.  Discharge tubing volumes are as follows: 
 

3/8-inch inside diameter tubing:         20 milliliters per foot 
1/4-inch inside diameter tubing:         10 milliliters per foot 
3/16-inch inside diameter tubing:       5 milliliters per foot 

 
Begin purging the well after calculating the volume of the flow-cell or the pump 
and the discharge tubing.  The flow rate should be based on historical data for 
that well (if available) and should not exceed 500 milliliters per minute.  The initial 
round of WQPM should be recorded and the flow rate adjusted until drawdown in 
the well stabilizes.  Water levels should be measured periodically to maintain a 
stabilized water level.  The water level should not fall within 1 foot of the top of the 
well screen.  If the purge rate has been reduced to 100 milliliters or less and the 
head level in the well continues to decline, the required water samples should be 
collected following stabilization of the WQPM, based on the criteria presented 
below.   
 
If neither the head level nor the WQPM stabilize, a passive sample should be 
collected.  Passive sampling is defined as sampling before WQMP have stabilized 
if the well yield is low enough that the well will purge dry at the lowest possible 
purge rate (generally 100 milliliters per minute or less). 
 
WQPM stabilization is defined as follows:  pH (+/- 0.2 S.U.), conductance (+/- 5% of 
reading), temperature (+/- 10% of reading or 0.2oC) and dissolved oxygen [+/- 20% 
of reading or 0.2 mg/L (whichever is greater)].  Oxidation reduction potential (ORP) 
will be measured and ideally should also fall within +/- 10mV of reading; however, 
this is not a required parameter.  At a minimum, turbidity measurements should 
also be recorded at the beginning of purging, following the stabilization of the 
WQPM, and following the collection of the samples.  The optimal turbidity range 
for micropurging is 25 Nephelometric Turbidity Units (NTU) or less.  Turbidity 
measurements above 25 NTU are generally indicative of an excessive purge rate 
or natural conditions related to excessive fines in the aquifer matrix.   
 
Stabilization of the WQPM should occur in most wells within five to six rounds of 
measurements.  If stabilization does not occur following the removal of a purge 
volume equal to three well volumes, a passive sample will be collected. 
 
The direct-reading equipment used at each well will be calibrated in the field 
according to the manufacturer’s specifications prior to each day’s use and 
checked at a minimum at the end of each sampling day.  Calibration information 
should be documented in the instrument’s calibration logbook and the field book.   
 
Each well is to be sampled immediately following stabilization of the WQPM.  The 
sampling flow rate must be maintained at a rate that is less than or equal to the 
purging rate.  For volatile organic compounds, lower sampling rates (100 - 200 
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milliliters/minute) should be used.  Final field parameter readings should be 
recorded prior to and after sampling. 
 
Grundfos Redi-Flo Pumps – Where Redi-Flo pumps are used, the same low flow 
techniques for sampling will be used as described in the above Low Flow Pump 
section.   

2.3.3.5 Purge Rate 
Wells will be purged at a rate that will not cause recharge water to be excessively 
agitated or cascade through the screen.  Methods will minimize disturbance to 
well sidewalls and bottoms which could result in silt and fine particulate matter 
suspension. The water volume purged from each well and the relative recharge 
rate will be documented in sampling field notes.  Wells with very low recharge 
rates will be purged until dry.  Damaged, dry or low yielding and high turbidity 
wells will be documented for reconsideration before the next sampling event.   

2.3.3.6 Purge Water Disposal 
Purge water will be managed to prevent possible soil and surface water 
contamination.  Well site management options may include temporary 
containment and disposal as leachate or portable activated carbon filtration if 
warranted by field characteristics.  

2.3.3.7 Non-Dedicated Equipment 
Durable, non-dedicated equipment that is lowered into the well or which may 
come in contact with the water samples will be thoroughly decontaminated before 
each use.  Equipment will be disassembled to the degree practical, washed with 
(non-phosphate) soapy potable tap water, and triple rinsed using de-ionized 
water.  Detailed equipment decontamination procedures are detailed in Section 
2.3.1.3. 

2.3.4 Sample Collection 
 
After purging activities are complete, groundwater samples will be collected for 
laboratory analysis.  Samples should be collected from least contaminated location(s) 
first, followed by locations of increasing contamination across the site.  Prior to sample 
collection, sample labels should be properly filled-out with permanent ink, such as 
Sharpie Pen.  At a minimum, the label should identify the sample with the following 
information: 
 

• Sample Location or Well Number; 
 
• Sample Identification Number; 
 
• Date and Time of Collection; 
 
• Analysis Required; 
 
• Sampler's Initials; 
 
• Preservative Used (if any); and 
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• Other Pertinent Information As Necessary. 
 
Affix completed sample labels to the sample bottle prior to sampling. 
 
Sampling will occur within 24-hours of the well purging and as soon after well recovery as 
possible.  Wells that fail to recharge or produce an adequate sample volume within 24-
hours of purging will not be sampled.    

2.3.4.1 Field Parameters 
Field measurements for temperature, pH and specific conductance will be 
recorded immediately prior to sampling each monitoring point.  For low-flow 
sampling, dissolved oxygen (DO) and oxidation reduction potential (ORP) will also 
be collected.  Additionally, turbidity measurements should be collected for metals 
evaluation. The field test specimens will be collected with the sampling bailer and 
placed in a clean, non-conductive glass or plastic container for observation.  PH, 
temperature, conductivity and turbidity meter calibration will be completed 
according to the manufacturers' specifications and consistent with Test Methods 
for Evaluating Solid Waste -Physical/Chemical Methods (SW-846).  A pocket 
thermometer and litmus paper will be available in case of meter malfunction. 

2.3.4.2 Sample Equipment 
Several options for sample collection are used at this site including: 
 

 Teflon Bailers; 
 Low Flow Pumps and 
 Grundfos Redi-Flo Pumps. 

 
Of these, Low Flow purging/sampling systems are the most prevalent as the 
Grundfos pumps are utilized for low flow purging/sampling.  Low flow 
purging/sampling is recommended for this site wherever possible. 
 
Teflon Bailers – Where bailers are used, each well will be sampled using a new, 
factory-cleaned, disposable Teflon bailer with bottom check-valve and sample 
discharge mechanism.  A new segment of Teflon-coated stainless steel wire, 
inert mono-filament line or nylon cord will be used to lower and retrieve each 
bailer.  The bailer will be lowered into each well to the point of groundwater 
contact and allowed to fill as it sinks below the water table.  Bottom contact will 
be avoided in order to avoid suspending sediment in the samples.  The bailer will 
be retrieved and emptied in a manner which minimizes sample agitation.   
 
Low Flow Pumps – After  purging with the low flow pump systems samples may 
be collected immediately from the pumping system following the order outlined in 
Section 2.3.4.4. 
 
Redi-Flo Pumps - After purging three well volumes samples may be collected 
from the Redi-Flo pumps in the order outlined in Section 2.3.4.4.  

2.3.4.3 Sample Transfer 
Samples will be transferred directly from the Teflon bailer into a sample 
container that has been specifically prepared for the preservation and storage of 



 
Johnston County Landfill  Water Quality Monitoring Plan 
August 2012  Page 12 

compatible parameters.  A bottom emptying device provided will be used to 
transfer samples from bailer to sample container.  The generation of air bubbles 
and sample agitation will be minimized during bailer discharge.  Groundwater 
samples will be collected and contained in the order of volatilization sensitivity.  

2.3.4.4 Order of Sample Collection 
The following sampling order will be observed: 
 

• Volatile Organics and Volatile Inorganics; 
 
• Extractable Organics, Petroleum Hydrocarbons, Aggregate Organics 

and Oil and Grease; 
 
• Total Metals; 
 
• Inorganic Nonmetallics, Physical and Aggregate Properties and 

Biologicals; 
 
• Microbiologicals; and 
 
• Measurements of pH, Temperature, DO, ORP, Conductivity and 

Turbidity. 
 
Note: If the pump used to collect groundwater samples is not suitable to collect 
volatile or extractable organics then collect the other parameters and withdraw 
the pump and tubing.  Then collect the volatile and extractable organics. 
 
Samples will be collected and analyzed in an unfiltered state during sampling 
events.  Samples for dissolved metal analysis, if subsequently required, will be 
prepared by field filtration using a decontaminated peristaltic pump and a 
disposable 0.45 micron filter cartridge specifically manufactured for this purpose. 

2.3.4.5 Decontamination 
Reusable sampling equipment including water level probes, water quality meters, 
interface probes and filtering pumps which might contact aquifer water or 
samples will be thoroughly decontaminated between wells by washing with non-
phosphate soapy, de-ionized water and rinsing with isopropanol and organic-free 
water.  Detailed equipment decontamination procedures are discussed in Section 
2.3.1.3. 

2.3.4.6 Sample Preservation 
Following sampling at each location, the sample bottles will be placed in a cooler 
with ice for preservation and transport. 

2.3.4.7 Field Quality Assurance 
Equipment and trip blanks will be prepared, handled and analyzed as 
groundwater samples to ensure cross-contamination has not occurred.  Trip 
blanks will be prepared before leaving the laboratory to ensure the sample 
containers or handling processes have not affected the sample quality.  
Equipment blanks will be poured through the bailer into laboratory prepared 
sampling containers at the time of sampling to ensure the field conditions, 
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equipment and handling during sampling collection have not affected the sample 
quality. This sample will be collected using the same equipment utilized for well 
sampling. A duplicate groundwater sample may be collected from a single well as 
a laboratory accuracy check.  Blanks and duplicate containers, preservatives, 
handling and transport procedures for surface water samples are identical to 
those noted for groundwater samples.  Additional information on Field Quality 
Assurance can be found in Section 3.0. 

2.3.4.8 Sample Containers 
Sample containers will be provided by the laboratory for each sampling event.  
Containers must be either new, factory-certified analytically clean by the 
manufacturer, or cleaned by the laboratory prior to shipment for sampling.  
Laboratory cleaning methods will be based on the bottle type and analyte of 
interest.  Metal containers are thoroughly washed with non-phosphate detergent 
and tap water and rinsed with (1:1) nitric acid, tap water, (1:1) hydrochloric acid, 
tap water and non-organic water, in that order.  Organic sample containers are 
thoroughly washed with non-phosphate detergent in hot water and rinsed with tap 
water, distilled water, acetone, and pesticide quality hexane, in that order.  Other 
sample containers are thoroughly washed with non-phosphate detergent and tap 
water, rinsed with tap water, and rinsed with non-organic water.  The laboratory 
will provide proper preservatives in the sample containers prior to shipment. 

 
2.4   SURFACE WATER SAMPLE COLLECTION  
 
This section presents procedure and equipment details required to perform surface water field 
measurements and sampling from springs, streams and ponds during each monitoring event.  

2.4.1 Surface Water Level Observations 
 
Surface water quality analyses are sensitive to site hydrologic conditions and recent 
precipitation events.  Water levels may fluctuate significantly in comparison the 
groundwater table and may result in either diluting or increasing contaminant loading.  
Sampling event scheduling and the interpreted surface water data must account for 
recent weather and sampling station conditions. 

2.4.1.1 Monitoring Conditions 
Surface water level and sampling station conditions may be observed one day 
prior to and during each sampling event, if warranted by site conditions.  Surface 
water observations will include the flood stage in streams, seasonal base flow 
conditions, and confirmation of location and timing for meaningful surface water 
quality sampling. The following objective observations will be recorded in a 
dedicated field book prior to sample collection: 
  

• Relative stream water level;  
• Surface water clarity; and  
• Changes in surface monitoring station conditions and surroundings. 

2.4.1.2 Monitoring Condition Modification 
Modifications to surface sampling station conditions may be required prior to 
each sampling event. These modifications may include surface and submerged 
debris removal, slightly deepening the location to allow sample container 
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immersion, or channeling/piping to consolidate local discharge.  When 
modifications are required, sufficient time will be allowed for suspended solid 
settlement between the disturbance and sample collection.  A four-hour 
minimum settling period prior to sampling will be observed. 

2.4.2 Sample Collection 

2.4.2.1 Collection Procedure 
Surface water samples will be obtained from areas of minimal turbulence and 
aeration.  Samples will be collected if flowing water is observed during the 
sampling event.  New powder-free, surgical gloves will be donned prior to sample 
collection.  The following procedure will be implemented regarding surface water 
sampling: 
 
 1.   Put-on new powder-free surgical gloves. 
 
 2.   Hold the bottle by the bottom with one hand and remove the cap with the     
              other. 
 
   3.   Push the sample container slowly into the water and tilt up toward the  
              current to fill.  A water depth of six inches is generally satisfactory.  The  
              sampler will avoid breaching the surface or losing sample preservatives  
              while filling the container. 
 
 4.  If there is little current movement, the container should be moved slowly,  
            in a lateral, side to side direction, with the mouth of the container pointing  
            upstream. 

2.4.2.2 Field Parameters 
Temperature, pH, specific conductivity, and turbidity will be logged at the start of 
sampling as a measure of field conditions and check for groundwater stability 
over time.  Temperature, pH, specific conductivity, and turbidity measurements 
will be recorded for surface water samples.  Temperature, pH, conductivity, and 
turbidity meter calibration will be completed at the beginning of each sampling 
event, according to the manufacturers' specifications and consistent with Test 
Methods for Evaluating Solid Waste - Physical/Chemical Methods (SW-846). 

2.4.2.3 Observation 
Surface water samples will be collected and contained in the order of parameter 
volatilization sensitivity as follows: 
  

• Volatile Organics and Volatile Inorganics;  
• Extractable Organics, Petroleum Hydrocarbons, Aggregate Organics 

and Oil and Grease; 
• Total Metals;  
• Inorganic Nonmetallics, Physical /Aggregate Properties, Biologicals;   
• Microbiologicals; and  
• Measurements of pH, Temperature, DO, ORP, Conductivity, and 

Turbidity. 
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Surface water samples will be collected unfiltered. If future dissolved metal 
analysis is required, samples will be prepared by field filtration using a 
decontaminated peristaltic filtering pump (or equivalent) and a disposable 0.45 
micron filter cartridge manufactured for this purpose. 
 
Surface water samples will be collected from surface water monitoring points 
shown on the attached Figure 1.  Samples will be collected directly from the 
station in the container that has been prepared for the preservation and storage 
of compatible parameters.  Samples will be collected in a manner that assures 
minimum agitation.  Additional blanks and duplicate samples will not be collected 
with the surface water samples. 

2.4.2.4 Decontamination 
Field meters which might contact surface water samples will be thoroughly 
decontaminated between stations by washing with non-phosphate soapy, de-
ionized water and rinsed with isopropanol and organic-free water.  Detailed 
equipment decontamination procedures are detailed in Section 2.3.1.3. 

2.4.2.5 Sample Containers 
Sample containers will be prepared and provided by the laboratory for each 
surface water sampling event.  Each container's preparation and preservatives 
will be the same as those utilized for groundwater sampling and addressed 
previously in Section 2.3.4.8. 
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3.0 FIELD QA/QC PROGRAM 
 
 
3.1  OVERVIEW 
 
Field Quality Assurance/Quality Control (QA/QC) requires the routine collection and analysis of trip 
blanks to verify that the handling process has not affected the quality of the samples.  
Contaminants found in the trip blanks could be attributed to:   
 
 1.   Interaction between the sample and the container;  
 2.   Contaminated source water; or  
 3.   A handling procedure that alters the sample.   
   
3.2 BLANK SAMPLES 

3.2.1 Trip Blanks 
 
The laboratory will prepare a trip blank by filling sample bottles with laboratory grade 
distilled or deionized water.  Trip blanks will be placed in bottles of the specific type 
required for the analyzed parameters from a bottle pack specifically assembled by the 
laboratory for each groundwater sampling event.  Trip blanks will be transported with the 
empty bottle packs and remain in the coolers throughout the sampling event.  The blanks 
will be analyzed for volatile and purgeable organics. 

3.2.2 Equipment Blanks 
 
For wells sampled with non-dedicated equipment, equipment blank samples will be 
collected at a rate of one sample per day.  To collect a “field” or “equipment” blank, a 
bailer will be filled with non-organic (milli-Q) water.  Handling the bailer in a manner 
identical to well sampling, the water is transferred into equipment blank sample 
collection jars for the specified analysis.  These samples are packed and sent to the 
laboratory with the other samples. 

 
3.3  BLANK CONCENTRATIONS 
 
The concentration levels of contaminants found in the trip or equipment blanks will be reported 
but will not be used to immediately correct the groundwater data.  In the event that elevated 
parameter concentrations are found in a blank, the analysis will be flagged for further evaluation 
and possible re-sampling. 
 
3.4 FIELD INSTRUMENTS 
 
Field instruments utilized to measure groundwater characteristics will be calibrated prior to 
entering the field and recalibrated in the field as required to insure accurate measurement for 
each sample.  The specific conductivity and pH meter shall be recalibrated utilizing two prepared 
solutions of known concentration in the range of anticipated values (between 4 and 10).  A 
permanent thermometer, calibrated against a National Bureau of Standards Certified 
thermometer, will be used for temperature meter calibration.  Other field equipment should be 
calibrated at least daily using the manufacturer's recommended specifications. 
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4.0 SAMPLE PRESERVATION AND SHIPMENT 
 
4.1 OVERVIEW 
 
Sample preservation, shipment, and chain-of-custody procedures to be observed between 
sampling and laboratory analysis are presented in the following sections.  
  
4.2 SAMPLE PRESERVATION 
 
Pre-measured chemical preservatives will be provided by the analytical laboratory.  Hydrochloric 
acid will be used as a chemical stabilizer and preservative for volatile and purgeable organic 
specimens.  Nitric acid will be used as the preservative for samples for metals analysis.   
 
4.3 STORAGE/TRANSPORT CONDITIONS 
 
Proper storage and transport conditions must be maintained to preserve sample integrity between 
collection and analysis.  Ice and chemical cold packs will be used to cool and preserve samples, 
as directed by the analytical laboratory.  Samples will be maintained at a temperature of 4o C.  Dry 
ice is not to be used.  Samples will be packed and/or wrapped in plastic bubble wrap to inhibit 
breakage or accidental spills.   
 
Chain-of-Custody control documents will be placed in a waterproof pouch and sealed inside the 
cooler with the samples for shipping.  Tape and/or custody seals will be placed on the outside of 
the shipping coolers, in a manner to prevent and detect tampering with the samples. 
 
4.4 SAMPLE DELIVERY 
 
Samples will be delivered to the analytical laboratory within a reasonable period of time in person 
or using an overnight delivery service to insure hold times are not exceeded.   If samples are not 
shipped the same day, the ice used to keep the samples cool will be replenished to maintain the 
required 4o C temperature.  Shipment and sample receipt will be coordinated with the laboratory.  
Do NOT store or ship highly contaminated samples (concentrated wastes, free product, etc.) or 
samples suspected of containing high concentrations of contaminants in the same cooler or 
shipping container with other environmental samples.   
 
4.5 CHAIN OF CUSTODY 
 
Chain-of-Custody control will be maintained from sampling through analysis to prevent tampering 
with analytical specimens.  Chain-of-Custody control procedures for samples consist of the 
following: 
 

1. Chain-of-Custody will originate at the laboratory with the shipment of prepared 
sample bottles and a sealed trip blank.  Identical container kits will be shipped by 
express carrier to the sampler or site or picked up at the laboratory in sealed 
coolers. 

 
2. Upon receipt of the sample kit, the sampler will inventory the container kit and 

check its consistency with number and types of containers indicated in the Chain-
of-Custody forms and required for the sampling event. 
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3. Labels for individual sample containers will be completed, indicating the site, 
sampling time, sampling date, sample location/well number and preservation 
methods used for the sample (if any). 

 
4. Collected specimens will be placed in ice filled coolers and will remain in the 

continuous possession of the field technician until shipment or transferal as 
documented by the Chain-of-Custody form has occurred.  If continuous possession 
can not be maintained by the field technician, the coolers will be temporarily sealed 
and placed in a secure area. 

 
5. Upon delivery to the laboratory, samples will be given laboratory sample numbers 

and recorded into a logbook indicating client, well number and delivery date and 
time.  The laboratory director or his designee will sign the Chain-of-Custody control 
forms to formally receive the samples.  The field technician, project manager and 
the laboratory director will work together to ensure that proper refrigeration of the 
samples is maintained.   

 
6. Complete Chain-of-Custody form copies will be placed in the laboratory's analytical 

project file and attached to the laboratory analysis report upon completion. 
 
Chain-of-Custody forms will be used to transfer direct deliveries from the sampler to the 
laboratory.  A coded, express delivery shipping bill shall constitute the Chain-of Custody between 
the sampler and laboratory for overnight courier deliveries.    
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5.0 LABORATORY ANALYSIS 
 
5.1 OVERVIEW 
 
The ground and surface water parameters will be analyzed for field indicators of water quality (pH, 
conductivity, temperature, and turbidity) and those constituents listed in Table 1.  Analytical 
methods from Test Methods For Evaluating Solid Waste - Physical/Chemical Methods (SW-846) or 
Methods For the Chemical Analysis of Water and Wastes will be used and be consistent with the 
Division of Waste Management’s policies regarding analytical methods and reporting limits.  
Analysis will be performed by a laboratory certified by the North Carolina DENR for the analyzed 
parameters.  
 
5.2 LABORATORY QUALITY ASSURANCE/QUALITY CONTROL 
 
Formal environmental laboratory Quality Assurance/Quality Control (QA/QC) procedures are to be 
utilized throughout the event.  The landfill owner/operator is responsible for selecting a laboratory 
contractor and ensuring that laboratory is utilizing proper QA/QC procedures.  The laboratory 
must have a QA/QC program based on specific routine procedures outlined in a written laboratory 
Quality Assurance/Quality Control Manual.   The QA/QC procedures listed in the manual shall 
provide the lab with the necessary assurances and documentation that accuracy and precision 
goals are achieved in analytical determinations.  Internal quality control checks will be undertaken 
regularly by the lab to assess the precision and accuracy of analytical procedures.   
 
5.3 LABORATORY QUALITY CONTROL CHECKS 
 
The internal quality control checks include the use of calibration standards, standard references, 
duplicate samples and spiked or fortified samples.  Calibration standards will be verified against a 
standard reference obtained from a second (alternate) source.  For most analytical methods 
calibration curves shall be developed using at least one blank and three standards.  Samples will 
be diluted, if necessary, to ensure that analytical measurements fall within the linear portion of 
the calibration curve.  Where required, duplicate samples shall be processed at an average 
frequency of 10 percent to assess the precision of testing methods, and standard references shall 
be processed not less than monthly to assess the accuracy of analytical procedures.  Method or 
procedural blanks and spiked or fortified samples shall be carried through all stages of sample 
preparation and measurement to validate the efficiency and accuracy of the analysis. 
 
5.4 DATA REVIEW 
 
During the analyses, quality control and sample data shall be reviewed by the laboratory manager 
to identify questionable data and determine if the necessary QA/QC requirements are being 
followed.  If a portion of the lab work is subcontracted, it is the responsibility of the contracted 
laboratory to verify that the subcontracted work is performed by certified laboratories, using 
identical QA/QC procedures.  
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6.0 RECORD KEEPING AND REPORTING 
 
6.1 OVERVIEW  
 
This section addresses documentation and reporting requirements associated with the WQMP 
implementation.   
 
6.1 FIELD LOGBOOK  
 
The field technician will keep an up-to-date logbook documenting important information 
pertaining to the technician's field activities.  The field logbook will document the following: 
 

• Site Name and Location;  
  

• Date and Time of Sampling;   
  

• Climatic Conditions During Sampling Event;  
  

• Sampling Point/Well Identification Number;  
  
• Well Static Water Level;  

  
• Height of Water Column in Well;  

  
• Purged Water Volume and Well Yield (High or Low);  

  
• Presence of Immiscible Layers and Detection Method;  

  
• Observations on Purging and Sampling Event;  

  
• Sample Collection Time;  
  
• Temperature, pH, Temperature, DO, ORP, Turbidity and Conductivity Readings;  

  
• Field Technician Signature; 

  
• Relative stream water level ; 

  
• Surface water clarity; and  

  
• Changes in surface monitoring station conditions and surroundings. 

 
 
6.2 GROUNDWATER SYSTEM EVALUATIONS 
 
After each monitoring event, the potentiometric surface will be evaluated to determine whether 
the monitoring system remains adequate and to determine the rate and direction of groundwater 
flow at the site.  The direction of groundwater flow will be determined by a comparison of 
groundwater surface elevations across the site through the construction of a potentiometric 
surface map.  Groundwater flow rate will be determined using the following equation: 
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    V=KI/n 
  Where:   V = Velocity (feet/day) 
    K = Hydraulic Conductivity (feet/day) 
    I = Hydraulic Gradient (foot/foot) 
    n = Effective Porosity of aquifer soils (unit less) 
 
If evaluation indicates the groundwater monitoring network is insufficient in meeting the rule 
requirements, the monitoring network will be modified accordingly and a work plan will be 
submitted to NCDENR for review prior to modifications to enhance the monitoring system. 
 
6.3 RESULT REPORTING 
 
Laboratory analytical data will be forwarded to the DWM within 60 calendar days of the receipt.  
The analytical data submitted will specify the sample collection date, the sampling point 
identification and include a sampling location map.  Should a significant concentration of 
contaminants be detected in ground and surface water, as defined in North Carolina Solid Waste 
Rules, Groundwater Quality Standards, or Surface Water Quality Standards, the County will notify 
the DWM and will place a notice in the landfill records as to which constituents were detected.   
 
Monitoring reports will be submitted with the following: 
 

1. A potentiometric surface evaluation 
2. Analytical laboratory reports and summary tables 
3. A Solid Waste Environmental Monitoring Data Form (included in Appendix A) 
4. Laboratory Data submitted in accordance with the Electronic Data Deliverable Template. 

 
Monitoring reports may be submitted electronically by e-mail or in paper copy form.  Copies of 
laboratory results and water quality reports for the Johnston County Landfill will be kept at the 
landfill office.  Reports summarizing groundwater quality results and data evaluation will be 
submitted to the Division of Waste Management for each sampling event.   Depending on the 
analytical results received, graphical analyses may be performed to evaluate plume movement 
and contaminant trends over time. 
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7.0 MONITORING PROGRAM MODIFICATIONS 
 
7.1 OVERVIEW 
 
This section addresses the procedures that should be followed with respect to water quality 
program modifications. 
 
7.2 WELL ABANDONMENT/REHABILITATION 
 
After each groundwater monitoring event, the potentiometric surface will be evaluated to 
determine whether the monitoring system remains adequate and to determine the rate and 
direction of groundwater flow at the site.  
 
Should wells become irreversibly damaged or require rehabilitation, the DWM) will be notified.  If 
monitoring wells and/or piezometers are damaged irreversibly they will be abandoned under the 
direction of the DWM.  The abandonment procedure in unconsolidated materials will consist of 
over-drilling and/or pulling the well casing and plugging the well with an impermeable, 
chemically-inert sealant such as neat cement grout and/or bentonite clay.  For bedrock well 
completions the abandonment will consist of plugging the interior well riser and screen with an 
impermeable neat cement grout and/or bentonite clay sealant. 
 
7.3 ADDITIONAL WELL INSTALLATIONS 
 
Additional well installations will be carried out in accordance with DWM directives.  If the 
potentiometric maps reveal that the depth, location, or number of wells is insufficient to monitor 
potential releases of solid waste constituents from the landfill units, new well locations and 
depths will be submitted to the DWM for approval.  
 
Monitoring wells will be installed under the supervision of a geologist or engineer who is 
registered in North Carolina and who will certify to the DWM that the installation complies with 
the North Carolina Regulations. Following installation, the documentation for the well 
construction will be submitted by the registered geologist or engineer within 30 days. 
 
7.4 IMPLEMENTATION SCHEDULE 
 
This Monitoring Program will be implemented with the approval of this Water Quality Monitoring 
Plan.   
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Tables



Table 1
Johnston CountyLandfill Facility

 Monitoring Network

Water Quality Monitoring Plan

Well Location Parameters Sampled Sampling 
Frequency

CDMW-2 Down/Cross-gradient Appendix I+Metals + C&D +Field Semi-annual
CDMW-4 Down-gradient Appendix I+Metals + C&D +Field Annual
CDMW-6 Down-gradient Appendix I+Metals + C&D +Field Annual
CDMW-7 Down/Cross-gradient Appendix I+Metals + C&D +Field Annual
CDMW-8 Down-gradient Appendix I+Metals + C&D +Field Annual

CDMW-9D Down-gradient Appendix I+Metals + C&D +Field Semi-annual
MW-3 Up-gradient Appendix I+Metals + Field Semi-annual

MW-4B Up/Cross-gradient Appendix I+Metals + Field Semi-annual
MW-6 Down-gradient Appendix I+Metals + Field Annual

MW-8D Down-gradient Appendix I+Metals + Field Semi-annual
MW-11 Down-gradient Appendix I+Metals + Field Semi-annual

MW-12B Down-gradient Appendix I+Metals + Field Semi-annual
MW-14D Down-gradient Appendix I+Metals + Field Annual
MW-15D Down-gradient Appendix I+Metals + Field Annual
MW-16D Down-gradient Appendix I+Metals + Field Annual
MW5-2 Up/Cross-gradient Appendix I+Metals + Field Semi-annual
MW5-3 Down-gradient Appendix I+Metals + Field Annual
MW5-4 Down-gradient Appendix I+Metals + Field Annual
MW5-5 Down-gradient Appendix I+Metals + Field Annual
MW5-6 Down-gradient Appendix I+Metals + Field Semi-annual
MW5-7 Down-gradient Appendix I+Metals + Field Annual
MW5-8 Down-gradient Appendix I+Metals + Field Semi-annual
MW5-9 Down-gradient Appendix I+Metals + Field Annual

MW5-10 Down-gradient Appendix I+Metals + Field Annual
PZ-3 Up/Cross-gradient Appendix I+Metals + Field Semi-annual

leachate lagoon #1 Upgradient Appendix I+Metals + Field Annual
leachate lagoon #2 Downgradient Appendix I+Metals + Field Annual
leachate lagoon #3 Downgradient Appendix I+Metals + Field Annual
leachate lagoon #4 Downgradient Appendix I+Metals + Field Annual

Downgradient Appendix I+Metals + Field Annual

Surface Water Sampling Locations

SW-1 Upgradient Appendix I+Metals + Field Semi-annual
SW-2 Downgradient Appendix I+Metals + Field Semi-annual
SW-5-1 Upgradient Appendix I+Metals + Field Semi-annual
SW-5-2 Downgradient Appendix I+Metals + Field Semi-annual

Leachate Sampling Locations

C&D Landfill Leachate Appendix I+Metals + Field + Leachate Semi-annual
Phase 5 Landfill Leachate Appendix I+Metals + Field + Leachate Semi-annual
Phase 4A Landfill Leachate Appendix I+Metals + Field + Leachate Semi-annual
Phase 4A Leak Detection Zone Appendix I+Metals + Field + Leachate Semi-annual

Appendix I = Full Appendix I List
Metals = Appendix I inorganic Parameters
Field = Temperature, pH, Conductivity
Leachate = required Leachate Parameters
C&D = required C&D indicator parameters



Table 2
Analytical Parameters

Johnston County Landfill Facility

Water Quality Monitoring Plan

Appendix I Constituents Synonyms
Antimony
Arsenic
Barium
Beryllium
Cadmium
Chromium
Cobalt
Copper
Lead
Nickel
Selenium
Silver
Thallium
Vanadium
Zinc
Temperature
pH
Turbidity
Specific Conductance
Acetone 2-Propanone
Acrylonitrile 2-Propenenitrile
Benzene
Bromochloromethane Chlorobromomethane
Bromodichloromethane Dibromochloromethane
Bromoform Tribromomethane
Carbon Disulfide
Carbon Tetrachloride Tetrachloromethane
Chlorobenzene
Chloroethane Ethyl chloride
Chloroform Trichloromethane
Dibromochloromethane Chlorodibromomethane
1,2-Dibromo-3-chloropropane DBCP
1,2-Dibromoethane Ethylene dibromide, EDB
1,2-Dichlorobenzene o-Dichlorobenzene
1,4-Dichlorobenzene p-Dichlorobenzene
trans-1,4-Dichloro-2-butene
1,1-Dichloroethane Ethyldidene chloride
1,2-Dichloroethane Ethylene dichloride
1,1-Dichloroethylene Vinylidene chloride
cis-1,2-Dichloroethylene
trans-1,2-Dichloroethylene
1,2-Dichloropropane Propylene dichloride
cis-1,3-Dichloropropene
trans-1,3-Dichloropropene
Ethylbenzene
2-Hexanone Methyl butyl ketone
Methyl bromide Bromomethane
Methyl chloride Chloromethane
Methyl ethyl ketone 2-Butanone
Methyl iodide Iodomethane
4-Methyl-2-pentanone Methyl isobutyl ketone
Methylene bromide Dibromomethane
Methylene chloride Dichloromethane
Styrene Ethenylbenzene
1,1,1,2-Tetrachloroethane
1,1,2,2-Tetrachloroethane
Tetrachloroethylene Perchloroethylene
Toluene Methyl benzene
1,1,1-Trichloroethane Methyl chloroform
1,1,2-Trichloroethane
Trichloroethylene
Trichloroflouromethane CFC-11
1,2,3-Trichloropropane
Vinyl acetate Acetic acid, ethenyl ester
Vinyl chloride Choroethene
Xylenes Dimethyl benzene

C&D Landfill Additional Parameters:
Mercury
Chloride
Manganese
Sulfate
Iron
Alkalinity
Total Dissolved Solids
Tetrahydrofuran

Leachate Additional Parameters:
BOD
COD
phosphate
nitrate
sulfate
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1.0 INTRODUCTION 

1.1 PROJECT DESCRIPTION 

The Landfill Gas Monitoring Plan (Plan), prepared by Smith Gardner, Inc. (S+G), presents a 
comprehensive landfill gas (LFG) monitoring program for the Johnston County Landfill Facility (NC Solid 
Waste Permit 51-03); with the objective to provide clear guidelines and procedures for field personnel 
when monitoring for landfill gas in the subsurface.  Note that this plan does not address landfill gas 
collection, or other air quality regulations that may apply to this site, subject to the new source 
performance standards (NSPS) of the Clean Air Amendment (CAA).   
 
The proposed plan presents the rationale for the monitoring program as well as necessary actions 
required by the Owner to protect and safeguard the area surrounding the landfill and to satisfy North 
Carolina Solid Waste Management Rules [13B.1626(4) and 13B.0544(d)] for monitoring and controlling 
LFG; ensuring the measured concentration of methane gas does not exceed the lower explosive limit 
(LEL) at the facility boundary and 25 percent of the lower explosive limit for methane in facility structures.  
Landfill gas readings will be collected quarterly and results will be submitted to the Division of Waste 
Management (DWM) of the NCDENR (see Section 1.2.3) if levels exceed the designated limit at the 
property boundary.   
 
Available site data, standard industry practices, experience, and judgment were utilized to develop this 
plan; however, the program may require modification and maintenance over time to accommodate 
changing landfill conditions, changing receptors in areas adjacent and around the landfill, or other 
conditions that cannot be fully anticipated.  Maintenance suggestions are also provided to help identify 
secondary conditions that may require Plan updates.  Facility conditions or unforeseen sampling 
variables that warrant deviation from standard procedure will conform to the NCDENR Landfill Gas 
Monitoring Document (Guidance Document)1.   
 
Uncontrolled LFG migration can result in loss of property, loss of life, injury, vegetative damage and 
intolerable odors.  Landfill monitoring includes exposure to explosive gases.  Operational and/or 
monitoring staff should be specifically trained in the management and response for situations such as 
fire or explosion, and possess and awareness of changing conditions around these sites. 
   

1.2 CONTACT INFORMATION 

In case of emergency, or if questions arise during implementation, please contact the following: 

1.2.1 Owner 

 
 Johnston County 

Johnston County Solid Waste Management Department 
680 County Home Road 
P.O. Box 2263 
Smithfield, North Carolina 27577 
Phone: (919) 938-4750 
Mr. Rick Proctor, Solid Waste Manager 

 rick.proctor@johnstonnc.com  

                                                           
1 NCDENR, Division of Waste Management, Solid Waste Section, Landfill Gas Monitoring Guidance, 
November 2010. 
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1.2.2 Engineer 

 
 Smith Gardner, Inc. 
 14 N. Boylan Avenue 
 Raleigh, North Carolina 27603 
 Phone: (919) 828-0577 
 
 Ms. Joan A. Smyth, P.G., Senior Hydrogeologist 
 email: joan@smithgardnerinc.com 
 Mr, Pieter K. Scheer P.E., Senior Engineer 
 Email: pieter@smithgardnerinc.com 
 

1.2.3 NCDENR 

 
 North Carolina Department of Environment and Natural Resources 
 Division of Waste Management: 
  
 Raleigh Central Office (RCO) 

217 W Jones Street 
Raleigh, North Carolina  27603  
Phone:  (919) 707-8200 
 
Fayetteville Regional Office (FRO) 
225 Green Street, Suite 714 
Fayetteville, North Carolina 28301 
Phone: (910) 486-1541 
Fax: (910) 486-0707 
 
Division of Waste Management (DWM) – Solid Waste Section 
 
Field Operations Branch Head: Mark Poindexter (RCO) 
Eastern District Supervisor: Dennis Shackelford (FRO) 
Waste Management Specialist: Mary Whaley ((919) 693-5023) 
 

1.3 EXISTING SITE CONDITIONS 

The site is located approximately 5 miles east of Smithfield off Hwy 210 in Johnston County.  The landfill 
facility includes unlined (closed) Phases 1 – 4, lined (active) Phase 4a, lined (inactive) Phase 5, the lined 
(active) C&D landfill, the offices and scalehouse.  There are existing landfill gas monitoring wells and 
three passive landfill gas trenches located on-site.   The site is primarily surrounded by undeveloped 
land. The site’s location is shown on Figure 1, while details of the site are shown on Figure 2. 

1.3.1 Topography 

The site is located on the fall zone between the Coastal Plain and Piedmont physiographic 
provinces.  Site topography ranges from 120 to 289 feet above mean sea level (fmsl) between the 
top of Phase 5 and Middle Creek to the north and northeast of the site.  Original topography at 
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this site, based upon USGS topographic mapping, ranged from 120 to 240 fmsl with slopes 
grading toward Middle Creek to the north of the site, and toward the tributaries of Middle Creek 
to the east and west of the disposal areas. 

 
The site is bounded by two streams, Middle Creek to the north, and an unnamed tributary of 
Middle Creek to the west.  Additionally, Buzzard Branch (a.k.a Little Juniper Creek) is located 
east of the waste disposal units within the property line.  Middle Creek is a perennial stream with 
a large flood plain along some portions of the site.  Buzzard Branch and the unnamed tributary 
are smaller first and second order intermittent streams which lead to Middle Creek.  The facility 
location is shown on Figure 1. 

1.3.2 Adjacent Areas 

The facility is located approximately five miles west of Smithfield, NC.  Site access is from the 
NC-HWY 210 and County Home Road on the southern side of the facility.   The site is primarily 
surrounded by woodlands, agricultural fields and some homes along Highway 210, and across 
Middle Creek.  The site location and surrounding area are shown on Figure 1.  

1.3.3 Site Geology 

The site is located in the western portion of the Coastal Plain Province in the fall zone.  The 
formations found in this area consist of sediments of Cretaceous and Tertiary age, 
unconformably overlying metamorphic rocks of Pre-Cambrian to Cambrian age.  The site is 
underlain by sediments of the Middendorf Formation which were deposited largely in a deltaic 
system.  According to Geology of the Carolinas (Horton/Zullo, 1991) the formation consists of 
unfossiliferous, interbedded, thin clay and sand.  The stratigraphy tends to be very discontinuous, 
indicating that the sediment deposits are lenticular.  Most of the sediments range from silty clay 
to a coarse clayey sand and gravel with thin lenses of dense clay.  There are occasional 
concretions of iron oxide minerals which form very hard thin layers within the sand layers.  The 
Middendorf Formation dips very gently to the east, and is underlain by highly weathered 
metamorphic rocks of the Carolina Slate Belt. 

 
Borings advanced at the site encountered sandy silts consistent with the Middendorf Formation, 
and partially weathered rock above bedrock.  The bedrock encountered was a metamorphosed 
mudstone.  The depths of these borings ranged between 15 feet and 75 feet deep.  The 
unconsolidated sediments consisted of mostly silty sands and sandy silts with some clayey sand 
as well.  The metamudstone bedrock was encountered at a depth of approximately 15 feet in the 
floodplain around the site, and at a depth of approximately 50 feet elsewhere on-site.  Diabase 
dikes have also been located at the site beneath the Area 2 C&D landfill unit, the floodplain of 
Middle Creek, and the Phase 5 MSW landfill unit. 

1.3.4 Local Groundwater Regime 

The uppermost aquifer at the site appears to exhibit mostly lateral flow with potentiometric 
surfaces that reflect a subdued expression of the surface topography.   The uppermost aquifer at 
the site primarily consists of silty and clayey sands.  Hydraulic conductivity values measured in 
the soil aquifer varies on the order of 0.0083 ft/day to 0.289 ft/day based upon prior investigations. 
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2.0 MONITORING PROGRAM 

1.1 PERIMETER MONITORING NETWORK 

2.1.1 Existing Network 

The LFG monitoring network for the Johnston County Landfill includes five buildings (locations 
LFG-1 through LFG-5 and six existing LFG monitoring wells (LFG-6 through LFG-12)).  Currently, 
LFG-7 is damaged and is not monitored.  These  monitoring locations are shown on Figure 2. 

2.1.2 Site Features 

The landfill property is bounded to the north by an Middle Creek and the east by Buzzard Branch, 
to the west by an unnamed tributary to Middle Creek and to the south by additional properties 
located on County Home Road and NC Hwy 210.   The location of surface water bodies, as well as 
sensitive receptors must be considered when evaluating potential landfill gas monitoring points. 

2.1.3 Proposed Network 

The close location of streams to the north, east, and west of the site limit the possibility of landfill 
gas migration in these directions. There are several landfill gas monitoring wells that are located 
near these streams.  Typically, in these areas groundwater is encountered at a depth of 5 feet 
below grade or less (based upon nearby groundwater monitoring wells).  Based upon this, we 
proposal removal of five existing landfill gas monitoring wells (LFG-8 through LFG-12), due to 
their close proximity to Buzzard Branch, and the addition of one monitoring well closer to the new 
facility boundary.  The proposed new well is located across the headwaters of Buzzard Branch, 
where the stream may be more ephemeral in nature.  The proposed monitoring network 
(including building locations) is summarized below:   

 
LFG 
Monitoring 
Point 

Location Notes 

LFG-1 Old Dog Pound Facility  
LFG-2 Landfill Shed Structure  
LFG-3 Landfill Shop  
LFG-4 Landfill Offices  
LFG-5 Scalehouse  
LFG-6 S. of Unlined Landfills  
LFG-7 S. E. of Yard Waste Processing Area Will Be Repaired/Replaced 
LFG-8 East of Ph. 1 & 2 Adjacent to Buzzard Branch 
LFG-9 East of Ph. 1 & 2 Adjacent to Buzzard Branch 
LFG-10 East of Ph. 1 & 2 Adjacent to Buzzard Branch 
LFG-11 East of Lined C&D Near Buzzard Branch 
LFG-12 NE of Phase 3 Adjacent to Middle Creek 
LFG-8a East of Ph. 1 & 2 Across Buzzard Branch Near Headwaters 

 
 The proposed monitoring wells are shown on Figure 2. 

2.1.4 Well Placement Limitations 

The LFG monitoring well locations were determined by the surrounding area condition, soil type, 
waste location and nearby water bodies.   
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2.1.5 LFG Monitoring Well Construction 

The LFG monitoring wells were installed (ca1994) by C.T. Clayton and Associates and Patterson 
Exploration Drilling.  Each monitoring well consists of a 1-inch in diameter PVC pipe with a 
screened section and solid riser pipe to the surface.   Unfortunately, no well records for these 
wells could be located. Quick-connect fittings or stopcock valves will be installed in accordance 
with DWM guidance on the PVC portion of the well or in the cap as a monitoring port 

 
The additional monitoring well will be installed to approximately the depth of groundwater.  The 
well will be screened from the total well depth to 5 feet below grade.  The well will be completed 
with a landfill gas monitoring well cap and outer steel casing. 

2.2 MONITORING AND REPORTING        

Monitoring and reporting of LFG gas concentrations shall be performed in accordance with guidance by 
the Division of Waste Management document “Methane Monitoring Guidance” 
(www.wastenotnc.org/swhome/met_mon.html) and as outlined below. 

2.2.1 Frequency 

LFG monitoring will be conducted quarterly to insure that landfill gas does not exceed the lower 
explosive limit (LEL) at the facility property boundary and 25% LEL at facility structures.  
Modifications to monitoring frequency can be obtained through the DWM.  

 
If methane readings exceed the specified limits, protection of human health is the primary 
objective.  Please follow the actions specified in Section 2.2.4.     

2.2.2 Personnel 

LFG monitoring will be performed by personnel trained in LFG hazards and explosive gas meter 
use.  A designated landfill technician will be assigned to regular LFG monitoring duty.     

2.2.3 Equipment       

Johnston County will utilize a landfill gas instrument that meets the DWM Landfill Gas Monitoring 
Guidance requirements for methane, oxygen and carbon dioxide.  Calibration will occur prior to 
instrument use and in compliance with manufacturer’s specifications. 

2.2.4 Procedures 

Prior to each monitoring event, portable methane field instruments will be calibrated with a 
known calibration standard in accordance with manufacturer’s recommendations.  The 
equipment used in the calibration procedure and results for each sampling event will be 
indicated on the landfill gas sampling data sheet and will be included in the sampling report.  An 
example data form is provided in Appendix A. 

 
 The following steps outline the procedure for the LFG well monitoring: 
 

$  Check calibration date on the meter and calibrate according to manufacturer’s 
     instructions; allowing equipment to warm up properly, prior to use, per manufacturer’s 
     direction. 
$  Purge sample tube for one minute before sampling. 
$  Connect instrument tubing to sample port on the monitoring well without removing the 
     cap. 
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$  Open the valve and record the stabilized reading.   A stabilized reading will not vary more 
     than 0.5 percent by volume on the instrument’s scale.  Recorded readings will include the 
     oxygen concentration, at two percent per volume or less to indicate air is not being drawn 
     into the system providing false readings, and barometric pressure.  
$  Record data on the monitoring log form provided in Appendix A. 
$  Turn off the valve and disconnect the tubing. 
$  If less than 50% LEL, move to next LFG monitoring well. 

 
If deviation from the prescribed plan is warranted, sample integrity and adherence to the 
Guidance Document will be priority.  Modifications will be noted on the sampling log. 

 
If explosive gas concentrations equal to or greater than 50% of the LEL in a LFG monitoring 
well, personnel should implement the Precautionary Action Plan located in Section 2.2.5. 

 
IF EXPLOSIVE GAS CONCENTRATIONS ARE EQUAL TO OR GREATER THAN 100% OF THE 
LEL IN A LFG MONITORING WELL, THE FOLLOWING ACTIONS WILL BE IMPLEMENTED BY 
PERSONNEL: 

 
 (1) Recalibrate monitoring equipment and confirm results.  
 (2) If results are confirmed, IMMEDIATELY contact the Solid Waste Manager. 
 (3) Implement the Compliance Action Plan located in Section 3.2. 
 
 IF EXPLOSIVE GAS CONCENTRATIONS ARE EQUAL TO OR GREATER THAN 25% IN ON-SITE 

STRUCTURES, THE FOLLOWING ACTIONS WILL BE IMPLEMENTED BY PERSONNEL: 
 
 (1) IMMEDIATELY contact the Solid Waste Manager.  
 (2) EVACUATE the building and open windows. 
 (3) Recalibrate monitoring equipment and confirm results. 
 (4) If results are confirmed  Implement the Compliance Action Plan located in Section 3.2. 
 

2.2.5 Precautionary Action Plan 

If explosive gas concentrations are equal to or greater than 50% of the LEL in a LFG monitoring 
well, personnel should perform the following additional steps at those locations: 

 
$  Measure gas pressure in the well head (in inches of water) using magnehelic gauge or 
    other appropriate metering device. 
$  Record at least one additional gas concentration measurement, inside well just below the 
    top of casing.  
$  Evaluate surrounding area for potential receptors to or signs of LFG migration.  LFG can 
    stress vegetation and can kill trees and grass by root asphyxiation.  Note stressed/dead 
    vegetation areas on the monitoring form. 

 
Monitoring should be conducted in this manner for wells with concentrations equal to or greater 
than 50% LEL during monitoring events.  Detailed procedure descriptions, actions performed, 
and relevant sampling information should be recorded, kept in the operating record, and 
reported to the Solid Waste Manager and Engineer for further evaluation. 

2.2.6 Record Keeping 

Readings will be documented on the LFG Monitoring Report form provided in Appendix A.   The 
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LFG Monitoring Report Form will contain the facility name, permit number, type of landfill gas 
monitoring instrument used, instrument calibration date, landfill gas monitoring event date, 
sample collector name, instrument pump rate, ambient air temperature, and general weather 
conditions.  For each well the sampler will record the well  location or well identification, 
barometric pressure, time pumped (sec), time reading collected, % LEL, % methane by volume, 
% oxygen, % carbon dioxide, and notes, observations, and/or comments relative to the sampling 
event.   

 
Completed forms will be reviewed and initialed by the County Solid Waste Manager following 
each monitoring event and placed in the landfill operating records.  Landfill gas monitoring logs 
will remain on file in the landfill office at the Johnston County Landfill at 680 County Home Road 
Smithfield, NC.  These readings should be available for review by NCDENR and EPA personnel on 
request.  If readings above 100% LEL are measured at the property boundary, a copy of the 
LFG monitoring form and an Environmental Data Reporting Form (Appendix A) shall be 
submitted to NCDENR with the implemented action. 

 

2.3 MAINTENANCE 

Periodic maintenance and site observations will be conducted routinely to address monitoring program 
components.  At a minimum, the following observations will be made during routine monitoring activities: 
 
 ∙ Access to monitoring well and gas well locations. 
 ∙ Landfill cover conditions, potential erosion areas, landfill seeps, odors, etc.  

∙ Monitoring well maintenance: operational locks, steel casing, and concrete pad conditions, etc. 
 
Note deficiencies on the monitoring forms and report to the Solid Waste Manager for repair or 
replacement as necessary. 
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3.0 CONTINGENCY PLAN 

3.1 INTRODUCTION 

In the event explosive gas concentrations exceed the DWM allowable limit (>100% LEL at the property 
boundary and/or 25% LEL in on-site structures), this contingency plan will be followed.  The contingency 
plan includes the specific step by step actions that should be implemented to protect human health and 
the environment. 

3.2 COMPLIANCE ACTION PLAN 

If explosive gas concentrations equal to or greater than 100% of the LEL in a LFG monitoring well, 
and/or 25% LEL in on-site structures, the following actions will be enacted by Johnston County: 

3.2.1 Immediate Action Plan 

 The Solid Waste Manager will ensure the protection of human health and safety as follows: 
 

(1) Determine nearby potential receptors. 
(2) If warranted, check the LFG concentrations in structures near the high LFG 
     concentration well or structure.  
(3) If the LFG concentration in structures is greater than 25% evacuate the area. 
(4) Verbally notify the County Manager. 
(5) If the well with the explosive gas concentration above 100% LEL is located at the 
      property boundary, verbally notify the Division of Waste Management 
(6) Investigate and identify the potential source(s) and conduit(s) for LFG migration that may 
      have caused the excessive readings (i.e. the path that the LFG is taking to the 
      monitoring location). 
(7) Identify the extent of LFG migration using additional wells, bar hole punch sampling 
      methodology or other applicable alternative method.  
(8) As appropriate, begin remedy procedures to control LFG levels in building(s) 
     surrounding the landfill site. 

3.2.2 Reporting and Documentation 

Following the Immediate Action Plan, within seven days the County will record the methane 
levels and a description of actions performed to protect human health in the operating record.  
Within sixty days a remediation plan, describing the nature and extent of the problem and 
proposed remedy, will be submitted to NCDENR and a copy will be kept in the operating record.  
Once approved, notification to the division the plan has been implemented will also be kept in the 
operating record. 

3.2.3 Remediation Plan  

In the event the prolonged explosive gas concentrations exist and as identified during the 
Immediate Action Plan, the County will prepare and implement a Remediation Plan to mitigate 
landfill gas migration off property.  Extensions may be granted by the Division of Waste 
Management on written request and depending on severity of the situation.   
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NC Division of Waste Management - Solid Waste Section  
 
Landfill Gas Monitoring Data Form 
 
Notice: This form and any information attached to it are "Public Records" as defined in NC General Statute 132-1. As such, 
these documents are available for inspection and examination by any person upon request (NC General Statute 132-6). 
 
Facility Name: ______________________________________________ Permit Number: ____________________________ 
 
Date of Sampling: ___________________   NC Landfill Rule (.0500 or .1600): _____________________________________ 
 
Name and Position of Sample Collector: _________________________________________ 
 
Type and Serial Number of Gas Meter: _______________________________     Calibration Date of Gas Meter: ___________ 
 
Date and Time of Field Calibration: _____________________  
 
Type of Field Calibration Gas (15/15 or 35/50): ____________   Expiration Date of Field Calibration Gas Canister: ________  
 
Pump Rate of Gas Meter: _____________  
 
Ambient Air Temperature: __________ Barometric Pressure: ______________ General Weather Conditions: _____________ 
 
Instructions: Under “Location or LFG Well” identify the monitoring wells or describe the location for other tests (e.g., inside 
buildings). A drawing showing the location of test must be attached. Report methane readings in both % LEL and % methane 
by volume. A reading in percent methane by volume can be converted to % LEL as follows: % methane by volume = % 
LEL/20 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
If your facility has more gas monitoring locations than there is room on this form, please attach additional sheets listing the 
same information as contained on this form. 
 
Certification 
To the best of my knowledge, the information reported and statements made on this data submittal and attachments 
are true and correct. I am aware that there are significant penalties for making any false statement, representation, or 
certification including the possibility of a fine and imprisonment. 
 
 
_________________________________________  _________________________________________ 
SIGNATURE      TITLE 
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