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Part 1 
Introduction 
1.1 Purpose of Permit Application 
The purpose of this permit application is to renew the 5-year Permit to Operate for 
Phase III (Cell 6).  The current Permit to Operate expires September 12, 2011, and the 
Solid Waste Section requires an amendment no later than March 12, 2011.   

Currently, Buncombe County (County) is disposing in Phase III.  The decrease in 
disposal rates in recent years will allow the County to continue expanding vertically 
within the existing Phase III horizontal limits for the entire 5-year Permit to Operate 
renewal.   

Since landfill construction is not required during this renewal period, several sections 
of this permit application are submitted without revisions to the original December 
2004 Permit Application, which was approved in March 2005.  The following table 
provides a summary of the report sections and identifies the sections modified herein: 

Permit Application 
Prepared in 

accordance with 
Updated for 2011 

Application 
  Part 2 – Facility Plan .1619 Yes 
  Part 3 – Engineering Plan .1620 Yes, portions 
  Part 4 – Construction Quality Assurance 

Plan 
.1621 No 

  Part 5 – Operation Plan .1625 Yes, portions 
  Part 6 – Closure/Post-Closure Plan .1629 Yes 
 

The Facility Plan (Part 2) is updated from the 2004 Permit Application and includes 
both the Subtitle D and C&D landfills in the report and drawings.  A majority of the 
Engineering Plan (Part 3) and the entire Construction Quality Assurance Plan (Part 4) 
are included as provided in the 2004 Permit Application.  The portion of the 
Engineering Plan that has been updated is the design geotechnical evaluation since 
interior side slope have been updated from 4 to 1 (Horizontal to Vertical) to 3 to 1.  
Also revised were closure engineering drawings.  The Operation Plan (Part 5) was 
approved in late 2010 when the County revised Posi-shell operations and is presented 
in that form.  The Operation Drawings have been updated based on updated volume 
calculations.  The Closure/Post-Closure Plan (Part 6) have been updated to reflect 
adjusted closure and post-closure costs.   

1.2 Facility Location 
The Buncombe County Solid Waste Management Facility is located on NC 251 (Dixie 
Highway) in Alexander, North Carolina approximately 9 miles northwest of 
Asheville, North Carolina (see Figure 1-1).  A construction entrance is located on NC 
251.  Primary access for landfilling activities is from SR 1745 (Panther Branch Road).   
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1.3 Solid Waste Management Rule Requirements 
The Permit Application criteria and requirements established in Rules .1619, .1620, 
.1621, .1625, and .1629 of the North Carolina Solid Waste Management Rules, as 
directly related to municipal solid waste landfills, are presented in Tables 1-1 through 
1-6, respectively.  Following each criterion, a brief description of the location where 
the information is contained is provided. 
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Table 1-1 
Cross Reference Summary to Rule .1619 Requirements 

Rule and Criteria Location / Comment
15A NCAC 13B .1619 FACILITY PLAN FOR MSWLFS  

(d)  Facility Drawings.  The facility plan must include the following drawings:  

 (1) Site Development. The drawings which plot site development must be prepared on 
topographic maps representative of existing site conditions; the maps must locate or 
delineate the following: 
(A) Delineate the areal limits of all landfill units, and incorporate the buffer 

requirements set forth in Rule .1624(b)(3);  
(B) Locate all solid waste management facilities and facility infrastructure, including 

landfill units. 

(A)  See Sheet SD-1 in Appendix 2A. 
(B)  See Sheet SD-1 in Appendix 2A. 
 

 (2)          Landfill Construction. All on-site grading activities related to the construction and 
operation of the MSWLF shall be illustrated in facility drawings which: 
(A)        Delineate the limits of grading, including borrow and stockpile areas; 
(B)        Define phases of development which do not exceed approximately five years of 

operating capacity; 
(C)        Propose base grades for the MSWLF unit(s); 
(D)        Delineate the location of access roads, sedimentation basins, leachate pipeline 

and storage or treatment facilities and other structures related to the operation of 
the MSWLF unit; and 

(E)        Propose final contours for the MSWLF unit(s) and facility features for closure 

(A)  See Sheet SD-1 in Appendix 2A.   
(B) See Sheets SD-2 and SD-3 in Appendix 2A. 
(C) See Sheet SD-3 in Appendix 2A. 
(D) See Sheet SD-1 in Appendix 2A. 
(E) See Sheet LO-5 and LO-10  in Appendix 2A. 

 

 (3)          Landfill Operation. The following information related to the long-term operation of the 
MSWLF units shall be included in facility drawings: 
(A)        General grade and flow direction for the drainage layer component of the 

leachate collection system; 
(B)        Size, location, and general grade for the leachate piping system, including on-site 

pipelines to leachate management facilities; 
(C)        Proposed transitional contours for each phase of development, including 

operational grades for existing phase(s) and construction grading for the new 
phase; and 

(D)        If included in the design, stormwater segregation features and details for inactive 
landfill subcells. 

(A)  See EP Sheets in Appendix 3D.   
(B) See EP Sheets in Appendix 3D. 
(C) See LO Sheets in Appendix 2A. 
(D) N/A 
 
 

(e)  Facility Report. The facility plan must include the following information:  
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Rule and Criteria Location / Comment
15A NCAC 13B .1619 FACILITY PLAN FOR MSWLFS  

(1)  Waste stream. A discussion of the characteristics of the wastes received at the facility 
and facility specific management plans must incorporate: 

 (A)  the types of waste specified for disposal; 
 (B)  Average monthly disposal rates and estimated variance; 
 (C)  the area served by the facility; 
 (D)  procedures for segregated management at different on-site facilities; and 
 (E) equipment requirements for operation of the MSWLF unit(s). 

 See Section 2 of Part 2: Facility Plan. 

(2)  Landfill Capacity. An analysis of landfill capacity and soil resources must be performed. 
(A)          The data and assumptions used in the analysis shall be: 

(i)    Consistent with the facility drawings and disposal rates specified in the 
facility plan; and 

(ii)   Representative of operational requirements and conditions. 
(B)          The conclusions shall provide accurate volumetric estimates of: 

(i)    Total operating capacity; 
(ii)   Operating capacity for each phase of development; 
(iii)   In-place ratio of waste to soil; 
(iv)  Available soil resources from on-site or specific off-site sources; 
(v)   Required quantities of soil for landfill construction, operation, and closure; 

and 
(vi) The estimated operating life of all MSWLF units in years. 

 See Section 2 of Part 2: Facility Plan. 

(3)          Containment and environmental control systems. A general description of the systems 
designed for proper landfill operation, system components, and corresponding functions 
shall be provided. 

 See Section 2 of Part 2: Facility Plan. 
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Rule and Criteria Location / Comment
15A NCAC 13B .1619 FACILITY PLAN FOR MSWLFS  

(4)          Leachate Management. An analysis of the leachate management requirements and plans 
for the MSWLF facility shall incorporate the information required under this 
Subparagraph. 
(A)          The performance of and design concepts for the leachate collection system 

within active areas of the MSWLF unit and any storm water segregation included 
in the engineering design shall be described. 

(B)          Normal operating conditions. Normal operating conditions shall be defined and 
must consider: 
(i)    Average monthly values for leachate generation representative of the 

landfill's environment and operation using: 
(I)    Empirically derived estimates; or 
(II)   For landfill expansions, actual leachate generation data from the 

existing landfill. 
(ii)  Surge volumes generated by storm events. 

(C)          Leachate management system. A description of the leachate management 
system components and their engineered function shall be provided, including: 
(i)   Leachate pipeline operating capacity; 
(ii)  Capacity of the storage and if applicable, the treatment facilities; and 
(iii) Final disposal plans and applicable discharge limits, including documented 

prior approval of the waste water treatment plant which may be designated 
in the plan. 

(D)          A contingency plan shall be prepared for storm surges or other considerations 
exceeding design parameters for the storage or treatment facilities. 

 See Section 2 of Part 2: Facility Plan. 
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Table 1-2 
Cross Reference Summary to Rule .1620 Requirements 

Rule and Criteria Location / Comment 

15A NCAC 13B .1620 ENGINEERING PLAN FOR MSWLFs  

(d)  An engineering report must contain: 

(1) An analysis of the facility design that conforms to: 
 (A)     The standards for the foundation and the base liner system set forth in Rule .1624 of 

this Section; 
(B)      The standards for the cap system set forth in Paragraph (c) of Rule .1627 of this 

Section; and 
(C)      The standards for the leachate storage facilities set forth in Rule .1680 of this Section. 

 See Section 1 of Part 3: Engineering Plan. 

(2)  A summary of the facility design that includes: 
(A)  a discussion of the analytical methods used to evaluate the design, 
(B)  definition of the critical conditions evaluated and assumptions made, 
(C)  a list of technical references used in the evaluation, and 
(D)  completion of any applicable location restriction demonstrations in accordance with 

Rule .1622. 

 See Part 3: Engineering Plan. 

(3)  A description of the materials and construction practices that conforms to the requirements set 
forth in Rule .1624. 

 See Part 4: Construction Quality Assurance Plan. 

(4)  A copy of the Design Hydrogeologic Report prepared in accordance with Paragraph (b) of 
Rule .1623. 

 See Appendix 3C of Part 3: Engineering Plan. 

(e)  Engineering drawings must illustrate: 

(1) existing conditions: site topography, features, existing disposal areas, roads, and buildings;  See Sheet EP-1 in Appendix 3D. 

(2)  grading plans: proposed limits of excavation, subgrade elevations, intermediate grading for 
partial construction; 

 See Sheets EP-2 and EP-3 in Appendix 3D. 

(3)  base liner system: grades for top of composite liner, slopes, anchor configuration, liner 
penetration locations and details; 

 See EP Sheets in Appendix 3D. 

(4)       leachate collection system: base elevations, piping system grade and inverts, cleanouts, 
valves, sumps, top of protective cover elevations, and details; 

 See EP Sheets in Appendix 3D. 

(5)      stormwater segregation system: location and detail of features;  See EP Sheets in Appendix 3D. 

(6)  cap system: base and top elevations, landfill gas devices, infiltration barrier, surface water 
removal, protective and vegetative cover, and details; 

 See EP Sheets in Appendix 3D. 
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Rule and Criteria Location / Comment 

15A NCAC 13B .1620 ENGINEERING PLAN FOR MSWLFs  

(7)  temporary and permanent sedimentation and erosion control plans;  See EP Sheets in Appendix 3D. 

(8)      Vertical separation requirements incorporating boring locations, cross sections, the maps 
prepared in accordance with Rule .1623 (b)(2)(E) and (F) of this Section, and the grading 
plans; and 

 N/A 

(9)      Additional engineering features and details.  See EP Sheets in Appendix 3D. 
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Table 1-3 
Cross Reference Summary to Rule .1623 Requirements 

Rule and Criteria Location / Comment
15A NCAC 13B .1623 GEOLOGIC AND HYDROGEOLOGIC INVESTIGATIONS FOR MSWLF 
FACILITIES  

(b)  Design Hydrogeologic Report  See Appendix 3C of Part 3: Engineering Plan. 

(1)  A geological and hydrogeological report must be submitted in the application for the Permit to 
Construct. This report must contain the information required by Subparagraph (2) of this 
Paragraph. The number and depths of borings required must be based on the geologic and 
hydrogeologic characteristics of the landfill facility. At a minimum, there must be an average of 
one boring for each acre of the investigative area. The area of investigation must, at a minimum, 
be the area within the unit footprint and unit compliance boundary, unless otherwise authorized 
by the Division. The scope and purpose of the investigation is as follows: 
(A)  The investigation shall provide adequate information to demonstrate compliance with the 

vertical separation and foundation standards set forth in Subparagraphs (b)(4) and (b)(7) 
of Rule .1624 of this Section, and Paragraph (e) of Rule .1680 of this Section. 

(B)  The report shall include an investigation of the hydrogeologic characteristics of the 
uppermost aquifer for the proposed phase of landfill development and any leachate 
surface impoundment or leachate disposal facility. The purpose of this investigation is to 
provide more detailed and localized data on the hydrogeologic regime for this area in 
order to design an effective water quality monitoring system.. 

 See Appendix 3C of Part 3: Engineering Plan. 
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Rule and Criteria Location / Comment
15A NCAC 13B .1623 GEOLOGIC AND HYDROGEOLOGIC INVESTIGATIONS FOR MSWLF 
FACILITIES  

(2)  The Design Hydrogeologic Report must provide, at a minimum, the following information: 
(A)  the information required in Subparagraphs (a)(4) through (a)(12) of this Rule; 
(B)  the technical information necessary to determine the design of the monitoring system as 

required by Paragraph (b) of Rule .1631 of this Section; 
(C)  the technical information necessary to determine the relevant point of compliance as 

required by Part (a)(2)(B) of Rule .1631 of this Section; 
(D)  rock cores (for sites located in the piedmont or mountain regions) for which the numbers, 

locations, and depths are adequate to provide an understanding of the fractured bedrock 
conditions and ground-water flow characteristics of at least the upper 10 feet of the 
bedrock. Testing for the corings must provide, at a minimum, rock types, recovery values, 
rock quality designation (RQD) values, saturated hydraulic conductivity and secondary 
porosity values, and rock descriptions, including fracturing and jointing patterns, etc.; 

(E)  a ground-water contour map based on the estimated long-term seasonal high water table 
that is superimposed on a topographic map and includes the location of all borings and 
rock cores and the water table elevations or potentiometric data at each location used to 
generate the ground-water contours; 

(F)  a bedrock contour map (for sites located in piedmont or mountain regions) illustrating the 
contours of the upper surface of the bedrock that is superimposed on a topographic map 
and includes the location of all borings and rock cores and the top of rock elevations used 
to generate the upper surface of bedrock contours; 

(G)  a three dimensional ground-water flow net or several hydrogeologic cross-sections that 
characterize the vertical ground-water flow regime for this area; 

(H)  a report on the ground-water flow regime for the area including ground-water flow paths 
for both horizontal and vertical components of ground-water flow, horizontal and vertical 
gradients, flow rates, ground-water recharge areas and discharge areas; 

(I)  A certification by a Licensed Geologist that all borings at the site that have not been 
converted to permanent monitoring wells will be properly abandoned in accordance with 
the procedures for permanent abandonment of wells, as delineated in 15A NCAC 2C 
Rule .0113(a)(2). 

 See Appendix 3C of Part 3: Engineering Plan. 
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Table 1-4 
Cross Reference Summary to Rule .1621 Requirements 

Rule and Criteria Location / Comment 

15A NCAC 13B .1621 CONSTRUCTION QUALITY ASSURANCE PLAN  
(b)  For construction of each cell, the CQA plan must include at a minimum: 

(1)  Responsibilities and authorities. The plan must establish responsibilities and authorities for the 
construction management organization. A pre-construction meeting must be conducted prior to 
beginning construction of the initial cell, or as required by the permit. The meeting must 
include a discussion of the construction management organization, respective duties during 
construction, and periodic reporting requirements for test results and construction activities; 

(2)  Inspection activities. A description of all field observations, tests and equipment that will be 
used to ensure that the construction meets or exceeds all design criteria established in 
accordance with Rules .0539, .0540 and Rule .0543 Paragraph (d); 

(3)  Sampling strategies. A description of all sampling protocols, sample size and frequency of 
sampling must be presented in the CQA plan; 

(4)  Documentation. A description of reporting requirements for CQA activities.  Progress and 
troubleshooting meetings. A plan for holding daily and monthly troubleshooting meetings. The 
proceedings of the meetings must be documented. 

 See Part 4: Construction Quality Assurance Plan. 
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Table 1-5 
Cross Reference Summary to Rule .1625 Requirements 

Rule and Criteria Location / Comment 

15A NCAC 13B .1625 OPERATION PLAN FOR MSWLF FACILITIES  
(b)  Operation Plan. The owner or operator of a MSWLF unit must prepare an operation plan for each 

phase of landfill development. The plan must include drawings and a report defining the information 
as identified in this Rule. 

(1)  Operation drawings. Drawings must be prepared for each phase of landfill development. 
The drawings must be consistent with the engineering plan and prepared in a format which 
is useable for the landfill operator. The operation drawings must illustrate the following: 
(A) existing conditions including the known limits of existing disposal areas; 
(B)  progression of construction cells for incremental or modular construction; 
(C)  progression of operation, including initial waste placement, daily operations, 

transition contours, and final contours; 
(D)  leachate and stormwater controls for active and inactive subcells; 
(E)  special waste areas within the MSWLF unit; 
(F)  buffer zones, noting restricted use; and 
(G)  stockpile and borrow operations. 

 See Appendix 5E of Part 5: Operation Plan. 
 

 

(2)  Operation report. The report shall provide a narrative discussion of the operation drawings 
and contain a description of the facility operation that conforms to the requirements of Rule 
.1626 of this Section. 

 

(1)  Waste Acceptance and Disposal Requirements.  See Section 2 of Part 5: Operation Plan. 

(2)  Cover material requirements.  See Section 3 of Part 5: Operation Plan. 

(3)  Disease vector control.  See Section 4 of Part 5: Operation Plan.

(4)  Explosive gases control.  See Section 5 of Part 5: Operation Plan.

(5)  Air Criteria.  See Section 6 of Part 5: Operation Plan.

(6)  Access and safety requirements.  See Section 7 of Part 5: Operation Plan.

(7)  Erosion and sedimentation control requirements.  See Section 8 of Part 5: Operation Plan.

(8)  Drainage control and water protection requirements.  See Section 9 of Part 5: Operation Plan.

(9)  Liquid restrictions.  See Section 10 of Part 5: Operation Plan.

(10)  Recordkeeping requirements.  See Section 11 of Part 5: Operation Plan.
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Rule and Criteria Location / Comment 

15A NCAC 13B .1625 OPERATION PLAN FOR MSWLF FACILITIES  

(11)  Spreading and Compacting requirements.  See Section 12 of Part 5: Operation Plan.

(12)  Leachate management plan.  See Section 13 of Part 5: Operation Plan.
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Table 1-6 
Cross Reference Summary to Rule .1629 Requirements 

Rule and Criteria Location / Comment 

15A NCAC 13B .1629 CLOSURE AND POST-CLOSURE PLAN  
(1)  Closure plan contents. The owner and operator must prepare a written closure plan that describes 

the steps necessary to close all MSWLF units at any point during their active life in accordance with 
the cap system requirements in Paragraph (c) of this Rule. The closure plan, at a minimum, must 
include the following information: 

(A)  a description of the cap system and the methods and procedures to be used to install the 
cap that conforms to the requirements set forth in Paragraph (c) of Rule .1627; 

 See Section 1 of Part 6: Closure/Post-Closure Plan. 

(B)  an estimate of the largest area of the MSWLF unit requiring the specified cap system at any 
time during the active life; 

 See Section 1 of Part 6: Closure/Post-Closure Plan. 

(C)  an estimate of the maximum inventory of wastes on-site over the active life of the landfill 
facility; 

 See Section 1 of Part 6: Closure/Post-Closure Plan. 

(D)  a schedule for completing all activities necessary to satisfy the closure criteria set forth in 
Paragraph (c) of Rule .1627. 

 See Section 1 of Part 6: Closure/Post-Closure Plan.. 

(3)       Financial assurance: the cost estimate for closure activities as required under Rule .1628.  See Section 1 of Part 6: Closure/Post-Closure Plan. 

(c)  Post-closure plan contents. The owner and operator of all MSWLF units must submit a written post-
closure plan that includes, at a minimum, the following information: 

 

(1)  a description of the monitoring and maintenance activities required in Paragraph (d) of Rule 
.1627 for each MSWLF unit, and the frequency at which these activities shall be performed;; 

 See Section 2 of Part 6: Closure/Post-Closure Plan. 

(2)  name, address, and telephone number of the person or office responsible for the facility 
during the post-closure period; 

 See Section 2 of Part 6: Closure/Post-Closure Plan. 

(3)  a description of the planned uses of the property during the post-closure period; and  See Section 2 of Part 6: Closure/Post-Closure Plan. 

(4)  Financial Assurance. The owner or operator shall submit the cost estimate for post-closure 
required under Rule .1628 of this Section as a component of the plan. 

 See Section 2 of Part 6: Closure/Post-Closure Plan. 
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Section 1 
Facility Drawings 
A set of facility drawings have been prepared in compliance with Rule .1619 (d) and 
include all management units on the property.  These drawings include conceptual 
site development and landfill operation sheets and are included in Appendix 2A. 

1.1 Site Development 
Four (4) drawings were prepared on topographic maps representing site 
development.  The first drawing, Sheet SD-1, contains a topographical survey of the 
entire site representative of existing site conditions locating all property boundaries 
for the proposed landfill facility certified by an individual licensed to practice land 
surveying in the State of North Carolina.  Also depicted are areal limits of all solid 
waste management facilities and facility infrastructure, including landfill units and 
buffer requirements as set forth in Rule .1619(d)(1).  

Sheets SD-2 and SD-3 illustrate the phases of development and areal limits of grading 
for the C&D and Subtitle D landfills, respectively.  Sheet SD-4 depicts the landfill gas 
to energy facility development. 

1.2 Landfill Construction 
The following Landfill Construction sheets were prepared per Rule .1619(d)(2):: 

 Sheet SD-1 provides limits of grading and borrow and infrastructure per Rule 
.1619(d)(2)(A) and (D). 

 Sheets SD-2 and SD-3 depict development phases per Rule .1619(d)(2)(B). 

 Sheet SD-3 depicts proposed base grades per Rule .1619(d)(2)(C). 

 Sheets LO-5 and LO-10 present final contours per Rule .1619(d)(2)(E) for the 
Subtitle D and C&D landfills, respectively. 

1.3 Landfill Operation 
The following Landfill Operation sheets were prepared in accordance with Rule 
.1619(d)(3):: 

 EP Sheets, provided in Appendix 3D, depict the leachate collection and 
management system as required by Rule .1619(d)(3)(A) and (B).   

 Sheets LO-1 through -5 show the proposed transitional contours and proposed 
construction grading for the new phases for the Subtitle D landfill in 
accordance with Rule .1619(d)(3)(C). 



Section 1 
Facility Plan 

 

A February 2011 
 1-2   

   

 Sheets LO-6 through -10 show the proposed transitional contours and 
proposed construction grading for the new phases for the C&D landfill in 
accordance with Rule .1619(d)(3)(C). 

 Stormwater segregation feature per Rule .1619(d)(3)(D) is not required 
therefore is not included. 
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Section 2 
Facility Report 
A facility report has been prepared in accordance with Rule .1619(e) for the Subtitle D 
landfill.  A construction and demolition (C&D) landfill facility report prepared in 
accordance with Rule .0537(e) is provided as Appendix 2B. 
 

2.1 Waste Stream 
In accordance with Rule .1619(1), a discussion on waste stream is presented.  The 
Subtitle D landfill at the Buncombe County Solid Waste Management Facility began 
accepting municipal solid waste during September 1997.   

2.1.1 Types of Waste [Rule .1619(e)(1)(A)] 
Only waste that meets acceptable criteria as described in the North Carolina Solid 
Waste Management Rules will be accepted at the facility.  At the Subtitle D landfill, 
this waste is typically referred to as municipal solid waste (MSW) and generally 
consists of residential, commercial, and non-hazardous industrial waste.  A waste 
screening plan is provided in the Operation Plan.   

C&D waste is disposed in the C&D landfill.  Wood and yard waste is mulched in a 
tub grinder.  White goods, batteries, used motor oil, used tires, household hazardous 
waste (HHW), triple-rinsed pesticide containers, and common recyclables are 
accepted from citizens of Buncombe County and recycled. 

The County will continue to dispose of waste types as specified in the current Permit 
to Operate. 

2.1.2 Disposal Rates [Rule .1619(e)(1)(B)] 
Table 2-1 presents yearly disposal rates as recorded at the County scale house and 
includes an average daily rate assuming 284 operating days (365 days - 52 Sundays - 
26 Saturdays (half days) - 3 holidays).  Assuming a 3% annual increase starting from 
2010, it is anticipated that the average annual waste disposed will be approximately 
125,000 tons of MSW per year (440 tons per day) over the next 5 years. 
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Table 2-1 – Disposal Rates 

FY1 Tons Disposed Daily Rate (tons/day) 

98-99 109,734 386 

99-00 120,143 423 

00-01 122,333 431 

01-02 146,690 517 

02-03 160,863 566 

03-04 170,170 599 

04-05 173,774 612 

05-06 122,034 430 

06-07 117,216 413 

07-08 143,994 507 

08-09 129,551 456 

09-10 113,497 400 

 1Fiscal year is from July to June. 

2.1.3 Areas Served By Facility [Rule .1619(e)(1)(C)] 
The Buncombe County Solid Waste Management Facility serves only the residents of 
Buncombe County.  Buncombe County is approximately 659 square miles and, 
includes the incorporated municipalities of Asheville, Biltmore Forest, Black 
Mountain, Montreat, Weaverville, and Woodfin.   

2.1.4 Waste Segregation Management [Rule .1619(e)(1)(D)] 
The Buncombe County Solid Waste Management Facility staff place a high priority on 
proper management of incoming waste.  The same level of concern and effort is put 
forth for the operation of the Subtitle D landfill.  Waste screening and segregation 
procedures are included in the Operation Plan.   

2.1.5 Equipment Requirements [Rule .1619(e)(1)(E)] 
Equipment currently owned by the County and utilized at the Subtitle D landfill 
includes the following: 
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 2 Dozers (1 Cat D6 & 1 John Deer 850)  
 2 Terex Compactors (1-390 & 1-TC550) 
 Volvo Excavator (210) 
 Volvo 25-yard Articulated Dump Truck (A25) 
 1 Volvo Rubber Tired Loader (L70) 
 International Track Loader (250C) 
 Kabota Farm Tractors (8030F) 
 John Deere Motor Grader (570A) 
 CAT 287 SKID Loader 
 Morbark tub grinder 1119 
 Mack roll-off (truck used by our staff to haul convenience center roll-offs to 

working face) 
 Kut-Kwick slope mower 
 1980 Chevrolet 1.5 ton fuel truck 

2.2 Landfill Capacity 
Landfill capacity calculations were prepared in accordance with Rule .1619(e)(2). 

2.2.1 Data and Assumptions [Rule .1619(e)(2)(A)] 
The following assumptions are made, based on compiled data and experience, in 
order to estimate the volumetric capacity and the life expectancy of the landfill 
disposal units: 

 284 landfill operating days. 

 Although alternative daily cover is used, this analysis assumes that soil is used 
solely for daily cover.  Soil will be applied at a ratio of 4:1 (waste to soil) on the 
MSW as daily and intermediate cover.   

 From July 2010 Airspace Analysis Report, MSW will be compacted to an in place 
density of 0.50 ton per cy. 

 From Section 2.1.2, an average of 125,000 tons of MSW per year (440 tons per day) 
is anticipated over the next 5 years. 

2.2.2 Volumetric Estimates [Rule .1619(e)(2)(B)] 
2.2.2.1 Total Operating Capacity  
AutoCAD Civil 3D 2008 software was used to estimate the total operating capacity, 
which is defined as the volume between the top of the landfill liner protective cover 
(as-built and proposed grades for future phases) and top of the 12-inch intermediate 
cover layer for the Subtitle D landfill.  The total operating capacity (waste and daily 
and intermediate cover) is approximately 9.3 million cubic yards (cy) as presented in 
Table 2-2. 
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2.2.2.2 Operating Capacity Per Phase  
AutoCAD Civil 3D 2008 software was used to estimate the phased operating capacity 
and is presented in Table 2-2. 

Table 2-2 – Operating Capacity Per Phase 

Phase Operating Capacity (cy) 

I (Cells 1-3) 1,371,000 

II (Cells 4-5) 974,000 

III (Cell 6)1 2,434,000 

IV (Cell 7) 1,020,000 

V (Cell 8) 471,000 

VI (Cells 9-10) 1,464,000 

VII (Vertical Expansion) 1,535,000 

Total 9,269,000 

 1 – includes vertical expansion as requested in this permit application 

2.2.2.3 Waste to Soil Ratio  
Based on information from the County, a waste to soil ratio of 4 to 1 is assumed.  
Currently, the County is increasing use of Posi-shell as alternative daily cover.  For 
this calculation, the benefits of Posi-shell are not included. 

2.2.2.4 Soil Resources  
Current and future soil borrow sources are identified on Sheet SD-1.  The estimated 
borrow material for the current and future borrow areas is 645,000 cy and 753,000 cy, 
respectively.   

2.2.2.5 Soil Requirements  
Required soil quantities were prepared for landfill construction, operation, and 
closure based on the above assumptions and are presented in Table 2-3.  Operation 
quantities assume daily and intermediate cover. 

The following are the calculations used to complete Table 2-3. 

 Construction (Phase IV) = 1.5 foot thick compacted clay liner  x area 
 = (1.5 foot x 13 acres x 43,560 sf/ac)/27 cf/cy 
 = 31,500 cy 
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 Operation (Phase III) = operating capacity (Table 2-2) x 20% (4:1 waste to cover 
ratio, from Section 2.2.2.3) 
 = 2,073,106 cy x 20% 
 = 414,600 cy 

The closure soil quantity requirement was calculated based on a complete closure for 
the entire Subtitle D landfill (95-acres), comprised of the following components: 

1. A 6-inch erosion layer totaling 76,600 cy 

2. An 18-inch protective soil layer totaling 229,900 cy  

The total final cover material required for the entire Subtitle D landfill equals 306,500 
cy. 

Table 2-3 – Required Soil Quantities 

  Required Soil Quantities (cy) 

Phase Area (ac) Construction Operation 

III (Cell 6) 23 -- 414,600 

IV (Cell 7) 13 31,500 192,600 

V (Cell 8) 9 21,800 84,600 

VI (Cells 9-10) 18 43,600 277,700 

VII (Vertical 
Expansion) 

-- -- 415,300 

 
2.2.2.6 Operating Life  
The following calculations were performed to determine the landfill operating life 
presented in Table 2-4.  Based on the July 2010 Airspace Analysis Report, the in-place 
density is 0.50 tons per cy.  From Section 2.1.2, the annual amount of waste disposed 
will be approximately 125,000 tons of MSW per year over the next 5 years. 

The following are the calculations used to complete Table 2-4. 

 Operating Life (Phase IV) = (Operating Capacity (Table 2-2) x in-place density)/ 
annual waste disposed  

 = (1,020,000 cy x 0.50 ton/cy) / 125,000 ton/yr 
 = 4.1 yr 
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Table 2-4 – Operating Life 

Phase Operating Capacity (cy) 
Operating Life 

(yr) 

III (Cell 6), Vertical Expansion 1,388,000 5.6 

IV (Cell 7) 1,020,000 4.1 

V (Cell 8) 471,000 1.9 

VI (Cells 9-10) 1,464,000 5.9 

VII (Vertical Expansion) 1,535,000 6.1 

 

2.3 Containment and Environmental Control Systems 
[Rule .1619(e)(3)] 
The design concept of the landfill facility is to maximize the disposal capacity of the 
site while providing full containment of the disposed waste in order to protect the 
groundwater and other environmental features.  The following narrative features a 
detailed description of all containment and environmental control systems. 

2.3.1 Leachate Collection and Storage 
A leachate collection system has been designed to be constructed above the composite 
base liner system.  The leachate collection system is a 24-inch protective cover rock 
layer possessing a minimum permeability of 1.0 cm/s.  A heavyweight fabric cushion 
is placed under the rock to protect the geomembrane.   

The 24-inch protective cover layer will provide protection to the liner system from 
protruding objects in the first layer of waste.  The perforated leachate collection 
system pipe will be ten inches in diameter to adequately handle the anticipated 
leachate flows.  The collection pipes will flow by gravity, at a minimum slope of 
approximately one percent, to an internal sump area, where a submersible pump will 
be installed.  

The collected leachate will be pumped across the perimeter access road through an 
HDPE force main to the lined leachate storage pond.  From the pond, leachate will be 
recirculated back into the landfill or hauled to the Metropolitan Sewerage District 
(MSD) wastewater treatment facility.  

2.3.2 Base Composite Liner System 
A composite base liner system will be designed and constructed to prevent leachate 
from contaminating the underlying ground water aquifer.  At a minimum, this 
composite liner, from bottom to top, will consist of a compacted subgrade soil, 18 
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inches of compacted soil with a maximum permeability of 1.0 x 10-5 cm/s, a 
geosynthetic clay liner (GCL) and a 60-mil textured HDPE geomembrane liner.  The 
base liner system will be designed to retain a minimum post-settlement slope of two 
percent and a minimum post-settlement vertical separation of four feet above the 
underlying ground water table and/or bedrock surface.  

2.3.3 Final Cover System 
A final cover system will be designed and constructed to reduce the infiltration of 
precipitation into the landfill.  The composition of the cap system will be a 
geomembrane overlain by an 18-inch layer of protective soil and 6-inch erosion soil 
layer with sufficient organic content to sustain vegetative growth.  The closure cap 
will have a maximum grade of four horizontal to one vertical and a minimum slope of 
five percent.  

2.3.4 Erosion & Sedimentation Control 
During construction of the landfill cells, and during landfill operations, stormwater 
from the landfill will be routed into sedimentation ponds.   

Once each portion of the landfill has reached approved final grades and received the 
final cover system, the stormwater runoff will be directed to the same sedimentation 
ponds as during operations.  Temporary erosion control measures will be installed as 
necessary during construction and operations to reduce erosion and limit off-site 
migration of sediment. 

2.3.5 Methane Control 
A methane collection system will be installed that will capture methane and prevent 
offsite migration or entry into on-site structures.  Vertical wells and horizontal 
trenches will be used to collect gas under negative pressure.  The methane will be 
combusted onsite.  

2.4 Leachate Management [Rule .1619(e)(4)] 
The design concept of the leachate collection system (LCS) is to collect and convey 
leachate to an onsite storage facility.  The stored leachate will be recirculated back into 
the landfill or hauled to the MSD wastewater treatment facility.   The leachate 
collection system within the cells is designed to operate by gravity.   

2.4.1 Stormwater Diversion  
After initial fill placement, temporary diversion berms will be used within the landfill 
area during filling activities to segregate the clean stormwater from the deposited 
waste.  The temporary berms will be approximately three feet high with 3:1 
(horizontal: vertical) slopes upstream from the deposited waste.  Stormwater falling 
upstream of the berms will be considered clean water and will be diverted to the 
perimeter drainage ditches.  Water falling on the active waste fill area that comes into 
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contact with waste or is collected downstream of the diversion berms will be 
considered leachate. 

2.4.2 Normal Operating Conditions  
Normal operating conditions are defined as the typical day-to-day operation of the 
landfill with normal weather conditions (i.e., no major deviation from what is 
normally expected as snow, rain, temperature).  The normal operating conditions are 
used to predict the average monthly and peak daily values of leachate that will be 
generated by the landfill.  The Hydrological Evaluation of Landfill Performance 
(HELP) Model program was used to estimate these site-specific leachate quantities as 
provided in the Engineering Plan.   

2.4.3 System Design 
The leachate collection pipes operating capacity were based on the peak daily leachate 
generation rate for the worst case condition.  The design calculations are provided in 
the Engineering Report. 

The leachate collection and storage system is designed to account for storm surges.  In 
the event that storage requirements exceed storage capacity due to a period of 
extreme rainfall, excess leachate can be temporarily stored in the MSW landfill.  This 
is intended to serve only as a short-term solution until the leachate can be transferred 
to the storage pond and ultimately recirculated or hauled to the MSD wastewater 
treatment facility. 

2.4.4 Contingency Plan  
The primary means of leachate disposal will be recirculation.  When recirculation is 
not being performed, the leachate will be hauled to the MSD wastewater treatment 
facility.  Should the MSD wastewater treatment facility experience problems and not 
be able to accept leachate for a limited time period, the storage pond has capacity 
depending on normal operating and seasonal conditions.  Additionally as stated in 
Section 2.4.3, the MSW landfill can act as temporary storage if necessary. 

2.5 Special Engineering Features [Rule .1619(e)(4)] 
Additional special engineering features have been incorporated into the design of the 
proposed Buncombe County Solid Waste Management Facility: 

  No liner penetrations for leachate withdrawal 

  Automated pumping stations feeding the leachate storage pond 

  Leachate recirculation into the waste mass to accelerate decomposition of the 
organic waste fraction. 
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Section 1 
Facility Drawings 
A set of facility drawings have been prepared in compliance with Rule .0537 (d).  
These drawings include conceptual site development and landfill operation sheets 
and are included in Appendix A. 

1.1 Site Development 
Three drawings were prepared on topographic maps representative of existing site 
conditions.  The first drawing, Sheet SD-1, contains a topographical survey of the 
entire site representative of existing site conditions locating all property boundaries 
for the proposed landfill facility certified by an individual licensed to practice land 
surveying in the State of North Carolina.  Also included is the following: 

• areal limits of all solid waste management facilities and facility infrastructure, 
including landfill units and buffer requirements set forth in 15A NCAC 13B 
.0540(1);  

• areal limits of borrow and stockpile; and 

• any physical features referenced in Rule 15A NCAC 13B .0536 (Location 
Restrictions). 

Sheet SD-2 illustrates the phases of development and areal limits of grading.  Sheet 
SD-3 depicts the proposed final contours for the C&D landfill unit and facility feature 
for closure. 

1.2 Landfill Operation 
Landfill Operation Sheets 1-5 show the proposed transitional contours and 
construction grading for the new phases.  Five drawings were prepared detailing the 
long-term operation of the C&D landfill unit.  Proposed transitional contours and 
final grades for each phase of development (Phases 5 through 8) are shown on 
Drawings LO-1 through LO-5.   
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Section 2 
Facility Report 
This facility report contains characteristics of the waste stream to be received at the 
landfill facility and of the landfill capacity as required by Rule .0537(e). 

2.1 Waste Stream 
Per Rule .0537(e)(1), a discussion of the characteristics of the waste received at the 
facility and facility specific management plans is as follows. 

2.1.1 Types of Waste Specified for Disposal 
From the Permit to Operate – Asbestos Modification, dated March 5, 2008, the County 
is permitted to dispose of construction or demolition debris, inert debris, land-
clearing debris, and asphalt in accordance with the corresponding General Statute.  
The C&D landfill is also permitted to dispose of asbestos waste in accordance with 
Rule .0542(c) and must be managed per 40 CFR 61. 

Waste, listed in Rule .0542(e), may not be accepted for disposal including, but not 
limited to yard trash, municipal solid waste, and liquid or industrial wastes.   

The County will continue to dispose of waste types as specified in the current Permit 
to Operate. 

2.1.2 Disposal Rates 
Table 2-1 presents yearly disposal rates as provided by the County scale house and 
includes a representative daily rate assuming 284 operating days (365 days - 52 
Sundays - 26 Saturdays (half days) - 3 holidays).  It is anticipated that the annual 
amount of waste to be disposed will be approximately 63,000 tons of C&D waste per 
year (222 tons per day).   
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Table 2-1 – Disposal Rates 

FY1 Tons Disposed Daily Rate (tons/day) 

98-99 30,898 109 

99-00 43,147 152 

00-01 43,370 153 

01-02 24,238 85 

02-03 8,209 29 

03-04 29,889 105 

04-05 39,252 138 

05-06 58,730 207 

06-07 66,388 234 

07-08 62,849 222 

 1Fiscal year is from July to June. 

 
2.1.3 Areas Served by the Facility 
The Buncombe County C&D landfill will serve only waste streams originating from 
Buncombe County.  Buncombe County, approximately 659 square miles in area, 
includes the incorporated municipalities of Asheville, Biltmore Forest, Black 
Mountain, Montreat, Weaverville, and Woodfin. 

2.1.4 Segregated Management 
The Buncombe County Solid Waste Management Facility staff place a high priority on 
proper management of incoming waste.  The same level of concern and effort is put 
forth for the operation of the C&D landfill.  Waste screening and segregation 
procedures are included in the Operation Plan. 

2.1.5 Landfill Equipment 
Equipment currently owned by the County and utilized at the C&D landfill includes 
the following: 

• 1 – 390-E Trashmaster 
• 1 – D-6 CAT Dozer 
• 1 – Waste Screening Vehicle (Ford F-150 Truck) 
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No additional equipment purchases are anticipated as a result of expanding the C&D 
disposal capacity. 

2.2 Landfill Capacity 
2.2.1 Gross Capacity  
AutoCAD Civil 3D 2008 software was used to estimate the gross capacity between the 
base grades and the top of the proposed final cover grades for the proposed C&D 
landfill.  The gross capacity (waste and daily, intermediate, and final cover) of the 
landfill is approximately 1.7 million cubic yards (cy). 

2.2.2 Phased Gross Capacity 
AutoCAD Civil 3D 2008 software was used to estimate the phased gross capacity and 
is presented in Table 2-2. 

Table 2-2 – Phased Gross Capacity 

Phase Gross Capacity (cy) 

5 285,500 

6 607,700 

7 612,600 

8 159,700 

Total 1,665,500 

 

2.2.3 Soil Required for Landfill Construction  
Soil is required for landfill construction to install access/haul roads, stormwater 
control measures, and, when necessary, to establish the required minimum four feet 
separation between the bottom elevation of waste and seasonal high groundwater 
table and the bedrock datum plane contours.  For the Buncombe County C&D 
landfill, seasonal high groundwater table is below bedrock, so the bedrock contours 
govern the four feet separation when applicable. 

2.2.4 Soil Required for Final Cover  
The final cover material volume required to construct the three-foot thick cover 
system for each phase is determined by delineating final slopes (see Table 3-3). 

Required Final Cover = Final Cover Area x 3-foot Thick Cover System 
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2.2.5 Soil Required for Operations 
It is anticipated that the County will use an alternative cover material for the required 
weekly cover.  An intermediate, stabilizing material will be used for areas which will 
not have additional wastes placed on them for three months or more, but where final 
termination of disposal operations has not occurred.  When the County resumes 
disposal in these areas, they will scrap off the intermediate cover and use it for the 
final cover once areas are at final grades. 

2.2.6 Net Capacity 
Table 3-3 present the net capacity available for C&D debris disposal is calculated as: 

Net Capacity = Gross Capacity – Final Cover  

2.2.7 C&D Landfill Operating Life 
The first step in calculating the operating life of each C&D landfill phase is to convert 
available net airspace to available C&D debris tonnage.  From the July 2008 Airspace 
Analysis Report, the C&D in-place density is 0.65 tons per cubic yard (cy) (the 
calculated in-place density includes operational soils).  Available tonnage is calculated 
as: 

Available Tonnage = Net Capacity x 0.65 tons/ cy 

The approximate average disposal rate for the C&D landfill for the past three fiscal 
years is 63,000 tons per year from Table 2-1.  An average disposal rate of 63,000 tons 
per year is used in the following calculation.  Table 2-3 presents the estimated 
operating life for the C&D disposal unit is, therefore, calculated as: 

Operating Life = Available Tonnage/Average Disposal Rate 

Table 2-3 – Operating Life 

Phase 
Final Cover 
Area (acre) 

Soil Required for 
Final Cover (cy) 

Available Net 
Airspace (cy) 

Operating Life 
(yrs) 

5 10.7 51,800 233,700 2.4 

6 5.9 28,600 579,100 6.0 

7 7.7 37,300 575,300 5.9 

8 5.4 26,200 133,600 1.4 

TOTAL   1,521,700 16 
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2.2.8 Net Balance of On-site Soils 
Earthwork fill volume associated with the construction of each phase of the C&D 
landfill was estimated based on the proposed base grades and governing four feet of 
separation.  A volume computation, using AutoCAD Civil 3D 2008, resulted in an 
even cut/fill soil balance for the construction of Phase 5.  Phase 6 soil balance during 
construction was calculated to be a soil surplus of approximately 104,000 cy.  Phases 7 
and 8 are vertical expansions and will not require soil for construction.  Table 2-4 
presents the net soil required for construction and closure of each phase and was 
calculated by the following: 

Fill + Final Cover = Net Soil Required 

Table 2-4 – Net Soils Balance 

Phase 
Net Soil Required (yd3) 

Construction Final Cover TOTAL 

5 0 51,800 51,800 

6 -104,000 28,600 -75,400 

7 0 37,300 37,300 

8 0 26,200 26,200 

 

Soil materials for construction of the landfill base and cap will be obtained from the 
on-site borrow areas as presented on Sheet SD-1.  The current borrow source area is 
being exhausted and the County proposes to move into the proposed borrow source 
area as delineated on Sheet SD-1 on contingency of North Carolina Department of 
Environment and Natural Resources, Solid Waste Section (NCDENR SWS) approval.  
The proposed borrow source area has a potential soil volume of approximately 
645,000 cy.  Assuming a swell factor of 1.25 the loose soil volume is approximately 
806,000 cy.  Also, assuming the County using 300 cy of soil a day, working 284 days 
per year, the proposed borrow source life is approximately 9 to 10 years. 

As stated, the proposed borrow source area will provide adequate soil for operations 
and final cover for the proposed C&D landfill expansion. 
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2.3 Special Engineering Features 
2.3.1 Containment and Environmental Control Systems 
2.3.1.1 Closure Cap System 
A closure cap will be designed and constructed when portions of the C&D landfill are 
at closure grades to reduce the infiltration and erosion per Rule .0543 (c)(1).  The cap 
system will be 3-foot thick and be designed and constructed to: 

(A)  have a permeability less than or equal to soils underlying the landfill, or 
the permeability specified for the final cover in the effective permit, or a 
permeability no greater than 1.0 x 10-5 cm/sec, whichever is less; 

(B)  minimize infiltration through the closed C&DLF unit by the use of a low-
permeability barrier that contains a minimum 18 inches of earthen 
material; and 

(C)  minimize erosion of the cap system and protect the low-permeability 
barrier from root penetration by use of an erosion layer that contains a 
minimum of 18 inches of earthen material that is capable of sustaining 
native plant growth.  

A gas venting or collection system will be installed below the low-permeability 
barrier to minimize pressures exerted on the barrier. 

2.3.1.2 Sedimentation and Erosion Control 
A Sedimentation and Erosion Control Plan will be submitted for approval to the 
NCDENR, Land Quality Section before construction of each phase.  Internal 
stormwater berms will be utilized to minimize the amount of stormwater that comes 
in contact with waste.  Temporary erosion control measures, such as silt fences, fast 
germinating vegetation, rock check dams, etc. will be installed as necessary to reduce 
the amount of sedimentation and erosion during construction activities. 

2.3.1.3 Landfill Subgrade 
Per Rule .0540 (2), each proposed phase will be constructed so that the post-settlement 
bottom elevation of waste is a minimum of four feet above the seasonal high 
groundwater table as established in the Design Hydrogeological Report (see Part 5 of 
this report).  Additionally, per Rule .0540 (2)(b), on-site soils will be used to construct 
the upper two feet of separation since they meet and/or exceed the required soil 
classifications. 
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Section 1  
Location Restrictions 
Rule .0539 (d)(1)(D) of the North Carolina Solid Waste Management Rules requires 
that a report be prepared and submitted demonstrating compliance with the location 
restriction criteria in Rule .0536.  Rule .0536 requires documentation or approvals by 
agencies other than the Division of Waste Management, Solid Waste Section that 
demonstrate compliance with specific location criteria.  It is the intent of this section 
to provide location restriction demonstration for the C&D landfill facility plan.  The 
location restrictions include: 

• Floodplains; 

• Wetlands; 

• Unstable areas; 

• Cultural resources; 

• State nature and historic preserve; 

• Water supply watersheds; and 

• Endangered and threatened species. 

CDM has reviewed available information pertaining to location restriction criteria 
relative to the proposed Buncombe County C&D landfill expansion.  The following 
sections summarize the findings.  

1.1 Floodplains 
Rule .0536(c)(4), floodplain location restrictions, states:   

(A)  C&DLF units or constructed embankments used to construct a C&DLF unit 
must not be located in a 100-year floodplain unless a variance for the facility 
has been issued in accordance with N.C.G.S. 143-215.54A. 

(B)  C&DLF units must not be located in floodplains unless the owners or 
operators demonstrate that the unit will not restrict the flow of the flood, 
reduce the temporary water storage capacity of the floodplain, or result in 
washout of solid waste so as to pose a hazard to human health and the 
environment. 

Based on floodplain maps for the Buncombe County area, no portion of the 
Buncombe County property resides in the 100-year floodplain (see Attachment A).  
Areas around the French Broad River and Flat Creek are denoted as AE; area 
inundated by 100-year flooding, before flood elevation have been determined.  
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1.2 Wetlands 
1.2.1 Regulatory Background 
Rule .0536 (c)(5) requires that new C&DLF units or lateral expansions must not be 
located in wetlands, unless the owner or operator can make the following 
demonstrations to the Division: 

(A)  Where applicable under Section 404 of the Clean Water Act or applicable 
State wetlands laws, the presumption that a practicable alternative to the 
proposed landfill facility is available which does not involve wetlands is 
clearly rebutted. 

(B)  The construction and operation of the C&DLF unit(s) will not cause or 
contribute to violations of any applicable State water quality standards and 
will not violate any applicable toxic effluent standard or prohibition under 
Section 307 of the Clean Water Act. 

(C)  The construction and operation of the C&DLF unit(s) will not jeopardize the 
continued existence of endangered or threatened species or result in the 
destruction or adverse modification of a critical habitat, protected under the 
Federal Endangered Species Act of 1973.  The construction and operation of 
the C&DLF unit(s) will not violate any requirement under the Marine 
Protection, Research, and Sanctuaries Act of 1972 for the protection of a 
marine sanctuary. 

(D)  The construction and operation of the C&DLF unit(s) will not cause or 
contribute to significant degradation of wetlands. 

(E)  The owner or operator must demonstrate the integrity of the C&DLF unit(s) 
and its ability to protect ecological resources by addressing the following 
factors: (1) erosion, stability, and migration potential of native wetland soils, 
muds and deposits used to support the C&DLF unit; (2) erosion, stability, and 
migration potential of dredged and fill materials used to support the C&DLF 
unit; the volume and chemical nature of the waste managed in the C&DLF 
unit; (3) impacts on fish, wildlife, and other aquatic resources and their 
habitat from release of the solid waste; (4) the potential effects of catastrophic 
release of waste to the wetland and the resulting impacts on the environment; 
and (5) any additional factors, as necessary, to demonstrate that ecological 
resources in the wetland are sufficiently protected to the extent required 
under Section 404 of the Clean Water Act or applicable State wetlands laws. 

(F)  The owner or operator must demonstrate that steps have been taken to 
attempt to achieve no net loss of wetlands (as defined by acreage and 
function) by first avoiding impacts to wetlands to the maximum extent 
practicable as required by Part (c)(5)(A) – (D) of this Rule, then minimizing 
unavoidable impacts to the maximum extent practicable, and finally 

A  1-2 



Section 1 
Location Restrictions 

 
 

offsetting remaining unavoidable wetland impacts through all appropriate 
and practicable compensatory mitigation actions (e.g., restoration of existing 
degraded wetlands or creation of man-made wetlands). 

(G)  The owner or operator must also demonstrate that sufficient information is 
available to make a reasonable determination with respect to each of the 
demonstrations required by this Rule. 

1.2.2 Compliance Issues 
CDM and the US Army Corps of Engineers (USACE) conducted a site visit on 
October 28, 2008 to determine if drainage features located north of each expansion site 
were jurisdictional, as subject to regulations under the Clean Water Act.  
Jurisdictional waters were determined and the County prepared and submitted a 
Preconstruction Notification (PCN), which served as a joint application for a Section 
404 Permit from USACE and a 401 Water Quality Certification from the North 
Carolina Division of Water Quality (NCDWQ).   Included as Attachment B are the 
PCN form and the approval letters. 

1.3 Unstable Areas 
1.3.1 Regulatory Background 
Rule .0536 (c)(6) states that owners and operators of new C&DLF unit(s) and lateral 
expansions proposed for location in an unstable area must demonstrate that 
engineering measures have been incorporated in the C&DLF unit's design to ensure 
that the integrity of any structural components of the C&DLF unit will not be 
disrupted.  The owner and operator must consider the following factors, at a 
minimum, when determining whether an area is unstable: 

(A)  On-site or local soil conditions that may result in significant differential 
settling; 

(B)  On-site or local geologic or geomorphologic features; and 

(C)  On-site or local human-made features or events (both surface and 
subsurface). 

1.3.2 Compliance Issues 

Based on the site and design hydrogeological and geotechnical investigation 
completed for this report and previously approved reports, the geological and soil 
conditions that are presumed to be throughout the site are not prone to unstable 
conditions. 
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1.4 Cultural Resources 
Rule .0536 (c)(7) states that a new C&DLF unit or lateral expansion must not damage 
or destroy a property of archaeological or historical significance which has been listed 
or determined eligible for a listing in the National Register of Historic Places.   

Correspondence with the State Historic Preservation Office in the Department of 
Cultural Resources is included in Attachment C.   

Based on the correspondence, there is no documentation that significant cultural 
resources exist within or in the vicinity of the site.  No cultural resources are expected 
to be adversely affected by the C&D landfill development. 

1.5 State Nature and Historic Preserves 
Rule .0536 (c)(8)  states that a new C&DLF unit or lateral expansion must not have an 
adverse impact, considering the purposes for designation of the Preserve lands and 
the location, access, size and operation of the landfill, on any lands included in the 
State Nature and Historic Preserve. 

The NC Natural Heritage Program (NHP) was contacted to determine if any state 
natural preserves exist within or in the vicinity of the proposed C&D landfill 
expansion (see Attachment D).  Based on the NHP correspondence, no state nature or 
historical preserves would be impacted by development within the facility boundary. 

1.6 Water Supply Watersheds 
Rule .0536 (c)(9)(A) states that a new C&DLF unit or lateral expansion must not be 
located in the critical area of a water supply watershed, or in the watershed for a 
stream segment classified as WS-I, or in watersheds of other water bodies which 
indicate that no new landfills are allowed in accordance with the rules codified at 15A 
NCAC 02B Section .0200 entitled "Classifications and Water Quality Standards 
Applicable To Surface Waters Of North Carolina."   

The State has classified all surface waters and watersheds throughout the state as 
required by 15A NCAC 2B .0311 as referenced by Rule 2B .0200.  These classifications 
are made available by NCDENR Division of Water Quality.     
 
Based on the classification list and NC OneMap program data and on-line map (used 
on April 2009) from NCDENR, CGIA, the proposed site is not located in an area that 
will impact or discharge to a WS-1, WS-II, WS-III, or WS-IV watershed.  Therefore, the 
proposed location is in compliance with Water Supply Watershed rules.   

Rule .0536 (c)(9)(B) states that any new C&DLF unit or lateral expansion, which 
proposes to discharge leachate to surface waters must obtain a National Pollution 
Discharge Elimination System (NPDES) Permit from the Division of Environmental 
Management pursuant to Section 402 of the United States Clean Water Act, must not 
be located within watersheds classified as WS-II or WS-III, or in watersheds of other 
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water bodies which indicate that no new discharging landfills are allowed, in 
accordance with the rules codified at 15A NCAC 02B Section .0200. 

The C&D landfill facility is not located within any of these classified watersheds and 
will not discharge leachate into any surface water locations and therefore is not 
expected to apply for a NPDES permit.  

1.7 Endangered and Threatened Species 
Rule .0536 (c)(10) states that a new C&DLF unit or lateral expansion must not 
jeopardize the continued existence of endangered or threatened species or result in 
the destruction or adverse modification of a critical habitat, protected under the 
Federal Endangered Species Act of 1973. 

CDM contacted US Fish and Wildlife Service (US FWS) office to determine whether 
there was any documentation that endangered or threatened species existed within 
the site or its vicinity.  Correspondence with the US FWS is included in Attachment E.     

Based on the US FWS, there are no federally-listed endangered or threatened species, 
their formally designated critical habitat, or species currently proposed for listing 
under the Endangered Species Act within the proposed facility boundary.   
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Section 1 
Analysis of the Facility Design - Overview 
 

1.1 Introduction 
Due to the large size of Cell 6 (22.7 acres), Phase III will require the construction of 
only one cell to provide the next 5-years of landfill capacity at the site.  Buncombe 
County may elect to construct Cell 6 in two phases.  If this option is enacted, the first 
phase of Cell 6 will be 6.4 acres as shown on Sheet EP-3 and the second phase will 
complete the cell as shown on Sheet EP-2.  The following sections describe the design 
of Cell 6.  The design is consistent with the original permitted design 

1.2 Liner System 
The proposed composite liner system for Phase III is designed in conformance with 
Title 15A of the North Carolina Administrative Code, Subchapter 13B, Section .1624 
and will be constructed according to the following liner system design:   

 An 18-inch thick low permeability compacted soil liner with a hydraulic 
conductivity of no more than 1  10-5 cm/sec, overlain by a Geosynthetic Clay 
Liner (GCL), overlain by a textured 60-mil HDPE geomembrane. 

Consistent with the design of the previous cells, a groundwater monitoring system 
will be installed beneath the liner system in the sump area of Cell 6. The limits of the 
groundwater monitoring system coincide with the Elevation 2002 contour of the 
proposed liner subgrade as shown on Sheet EP-2.  The monitoring system consists of 
a 60 mil HDPE geomembrane overlain by a composite drainage net.  Three feet of 
common fill will separate the monitoring system from the bottom of the clay liner.  A 
gravity sump will route any liquids captured by the system to a 10-inch diameter 
stand-pipe that will extend vertically to the top of the perimeter berm.  The stand-pipe 
will be monitored for leakage by the landfill staff.  If liquid is detected it will be 
pumped out and the quantity of liquid will be recorded.  A sample of the liquid will 
be tested for quality to determine if it is leachate.  

1.3 Leachate Collection System 
In accordance with Title 15A of the North Carolina Administrative Code, Subchapter 
13B, Section .1624, the leachate collection system (LCS) will be installed directly above 
the composite liner system to effectively collect and remove leachate generated by the 
infiltration of stormwater into Cell 6.  The proposed LCS is comprised of a 24-inch 
drainage layer, and a French drain located at the low point of the cell.    A description 
of the LCS components is provided below: 

 Drainage Layer – The drainage layer consists of 24-inches of NCDOT 57m 
aggregate with a 28-ounce heavyweight fabric cushion placed underneath it to 
protect the geomembrane.  The combination of this highly permeable material 
and the minimum grade of 7.5% of the cell will greatly minimize build-up of 
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leachate on the liner system and maintain a hydraulic head of less than 12-
inches at all times. 

 French Drain – The French drain consists of a 10-inch diameter perforated 
HDPE pipe with a standard dimension ratio (SDR) of 17, surrounded by a 
gravel drainage media (NCDOT No. 4 stone), and partially wrapped with a 
woven geotextile.  The top of the French drain will not be wrapped in filter 
fabric in order to allow direct contact between the rock and the waste.  The 
leachate collection pipe is designed to support the maximum static and 
dynamic loads calculated for the cell and accounts for the increased static load 
resulting from the recirculation of leachate.  

The collected leachate is conveyed by the French drain to a sump area located 
in the lowest point of the cell.  The leachate is pumped out of the cell by a 
slope-riser pump system located in the sump area and discharged to the 
leachate storage pond.  

The Hydrologic Evaluation of Landfill Performance (HELP) Model Version 3.04 
(written by Schroeder, P.R., Peyton, R.L., McEnroe, B.M., and Sjostrom, J.W. in 1994) 
was used to evaluate the LCS design.  The HELP Model is the U.S. EPA recommended 
method for estimating leachate volumes and hydraulic head.    

The model was used to determine the amount of leachate generated during the 
various operating conditions and takes into account the addition of liquids from the 
bioreactor operation.  The model was also used to demonstrate that the hydraulic 
head will not exceed one foot on the liner system of Cell 6 at any time.  Copies of the 
HELP Model run outputs are provided in Appendix A. 
 

1.4 Stormwater Management System 
Prior to placing waste in the cell, accumulated stormwater will be pumped into the 
perimeter drainage ditch through the slope-riser pump system.  During the operation 
of the cell, stormwater will be retained within the limits of the cell and collected as 
leachate.  Permanent stormwater controls will be implemented when final cover is 
installed over the north slope.   

The Phase III construction will include expansion of the existing stormwater 
management system at the site.  The north perimeter ditch will be extended 620-feet 
east along the north boundary of Cell 6.  A drop inlet will be located at the low point 
of the ditch extension to drain stormwater from the ditch.  The stormwater will be 
routed to existing Sediment Pond 3 by an 80-foot long, 36-inch diameter reinforced 
concrete pipe and a riprap channel.   Design calculations for the stormwater control 
devices were calculated based on the 25-year, 24-hour storm event.  The design 
calculations are provided in Appendix A.   

Erosion and sediment control devices such as sediment traps, silt fencing, etc. will be 
used during the construction to control sediment laden stormwater runoff.  These 
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devices will remain in use until construction has been completed and all stormwater 
control devices are operable.  Prior to the construction, we will submit a 
Sedimentation and Erosion Control Permit Application to NCDENR Land Quality 
Section prepared in accordance with the North Carolina Erosion and Sediment 
Control Planning and Design Manual.  

1.5 Final Cover System 
The final cover system is designed to minimize the amount of storm water infiltration 
into the landfill and to resist erosive forces.  The cap system consists of an erosion 
layer, drainage layer, and synthetic barrier layer.   

The cap system will consist of the following layers (listed from top to bottom): 

 A six-inch Erosion Layer consisting of soil capable of supporting native plant 
growth; 

 An 18-inch Protective Soil Layer to prevent damage due to freezing or puncture to 
the Drainage and Barrier Layers; 

 A Drainage Layer consisting of a geocomposite constructed of two layers 
nonwoven geotextile heat-bonded to both sides of a HDPE drainage net; and 

 A Barrier Layer consisting of a textured 30-mil Linear Low Density Polyethylene 
(LLDPE) liner or an equivalent geomembrane. 

Due to the highly elastic nature of the geomembrane, the cap system will 
accommodate the differential settlement anticipated to occur during the post-closure 
period.   

The post-settlement grades of the top surface slopes will be a minimum of 5 percent 
as provided in previous submittals.   For the permanent sideslope (north) of Cell 6, a 
slope angle of 4:1 is proposed.  For interim sideslopes (east and south), where future 
cells will fill against, a slope angle of 3:1 is proposed. 

Geotechnical evaluation is provided in Appendix 3B.  The calculations demonstrate 
that the waste mass will be stable for a 3:1 and 4:1 sideslopes.  
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Section 2 
Analysis of the Facility Design - Summary 
 

2.1 Analytical Methods Used to Evaluate the Design 
The Hydrologic Evaluation of Landfill Performance (HELP) model was used to 
estimate the maximum hydraulic head on the liner, to analyze the flow capacity of the 
leachate collection system components, and to size the perforated collection pipes, 
leachate header pipes, and leachate storage tanks.  Calculations are contained in 
Appendix 3A. 

Calculations contained in Appendix 3B of this report address the design and analysis 
of the final cover system.  The methods used in these evaluations are described within 
the narrative and design calculations portion of the appendix. 

The stormwater erosion and sedimentation controls and structures were designed in 
accordance with the North Carolina Erosion and Sediment Control Planning and 
Design Manual.  All nine sediment ponds are designed to handle the 25-yr., 24-hour 
storm event.  The entire set of design calculations for the erosion and sedimentation 
control system is contained in Appendix 3A of this engineering plan.   

A geotechnical report is included in Appendix 3B that contains descriptions of the 
geotechnical methods used to analyze the design of the facility and associated 
calculations.  

2.2 Technical References  
The following references were used for the design and evaluation of the different 
landfill components. 

 Hydrologic Evaluation of Landfill Performance (HELP) Model Version 3.03 
authored by Dr. P.R. Schroeder et al. (1993). 

 North Carolina Erosion and Sediment Control Planning and Design Manual 

 SoftDesk (AutoCad) Design Software 

 Driscopipe Design Manual 

 Designing with Geosynthetics, Third Ed. (1994) by R.M. Koemer. 

2.3 Location Restrictions 
Rule .1618 (c)(3) of the North Carolina Solid Waste Management Rules requires that a 
report be prepared and submitted demonstrating compliance with the criteria in Rule 
.1622.  Rule .1622 requires documentation or approvals by agencies other than the 
Division of Solid Waste Management that demonstrate compliance with specific 
location criteria.  The location criteria include: 

 Airport safety; 
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 Floodplains; 

 Wetlands; 

 Fault areas; 

 Seismic Impact Zones; 

 Unstable areas. 

2.3.1 Airport Safety 
Rule .1622 (1):   

Airport safety location restrictions that apply to the Phase 1 Black Bear Disposal 
Facility state that:  

(1)(a) A new MSWLF unit shall be located no closer than 5,000 feet from any airport 
runway used only by piston-powered aircraft and no closer than 10,000 feet from any 
runway used by turbine-powered aircraft;  

(1)(b) Owners and operators proposing to site a new MSWLF unit or lateral expansion 
within a five mile radius (26,400 feet) of any airport used by turbine-powered or 
piston-powered aircraft shall notify the affected airport and the Federal Aviation 
Administration prior to submitting a permit application to the Division.    

Based on correspondence with the FAA, they have determined that the proposed site 
meets the airport safety location restrictions.   

2.3.2 Floodplains 
Rule .1622 (2): 

Floodplain location restrictions that apply state that new MSWLF units shall not be 
located in the 100-year floodplains unless the owners or operators demonstrate that 
the unit:  

  Will not restrict the flow of the 100-year flood; 

 Will not reduce the temporary water storage capacity of the floodplain; or 

 Result in washout of solid waste so as to pose a hazard to human health and the 
environment. 

Based on comparison of floodplain maps for the Buncombe County area, no portion 
of the Buncombe County facility resides in the 100-year floodplain.   

2.3.3 Wetlands 
Rule .1622 (3)(a) 
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Regulatory Background 
The North Carolina Solid Waste Management Rules 15A NCAC 13 B, Section .1622 (3) 
require that new MSWLF units and lateral expansions shall not be located in 
wetlands, unless the owner or operator can make the following demonstrations to the 
Division: 

  .1622 (3)(a)(i) That a practicable alternative to the proposed landfill facility that 
does not impact wetlands is not available; 

 .1622 (3)(a)(ii) That the construction and operation of the MSWLF unit will not  

  (A) Cause or contribute to violations of any applicable State water quality 
standard; 

  (B) Violate any applicable toxic effluent standard or prohibition under Section 307 
of the Clean Water Act; 

  (C) Jeopardize the continued existence of endangered or threatened species or 
result in the destruction or adverse modification of a critical habitat, protected 
under the Federal Endangered Species Act of 1973; and, 

  (D) Violate any requirements under the Marine Protection, Research, and 
Sanctuaries Act of 1972 for the protection of a marine sanctuary. 

 
  .1622 (3)(a)(iii) The MSWLF unit will not cause or contribute to significant 

degradation of wetlands.  The owner or operator shall demonstrate the integrity of 
the MSWLF unit and its ability to protect ecological resources by addressing the 
following factors: 

  (A) Erosion, stability, and migration potential of the native wetland soils, muds 
and deposits used to support the MSWLF unit: 

  (B) Erosion, stability, and migration potential of dredged and fill materials used to 
support the MSWLF unit; 

  (C) The volume and chemical nature of the waste managed in the MSWLF unit; 

  (D) Impacts on fish, wildlife, and other aquatic resources and their habitat from 
releases of solid waste; 

 (E) The potential effects of catastrophic release of waste to the wetlands and 
resulting impacts on the environment; and, 

 (F) Any additional factors, as necessary, to demonstrate the ecological resources in 
the wetlands are sufficiently protected. 

 
  .1622 (3)(a)(iv) To the extent required under Section 404 of the Clean Water Act or 

applicable State wetlands laws, steps have been taken to attempt to achieve no net 
loss of wetlands (as defined by acreage and function) by first avoiding impacts to 
wetland to the maximum extent practicable as required by Sub item (3)(a)(i ) of this 
Rule, then minimizing unavoidable impacts through all appropriate and 
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practicable compensatory mitigation actions (e.g. restoration of existing degraded 
wetland or creation of man-made wetlands); and 

  .1622 (3)(a)(v) Sufficient information is available to make a reasonable 
determination with respect to these demonstrations. 

The Cell 6 site does not contain any wetlands.  

2.4.4 Fault Areas 
Rule .1622 (4) 

The Subtitle D regulations (Section 258.13) effectively ban the location of new MSW 
landfill units within 200 feet (60 meters) of faults that have experienced displacement 
during the Holocene Geologic Epoch.  These regulations define a Holocene fault 
"zone" (HFZ) to include not only the actual primary fracture along which strata on 
one side have been displaced with respect to the other side, but also, the appropriate 
zone (or zones) of rock which have been fractured in any geologic material along 
which there has been an observable amount of displacement of the sides relative to 
each other. 

As referenced, EPA has effectively banned siting and construction of landfills within 
200 feet of HFZs unless a demonstration to the director of an approved state program 
can be made which verifies that the integrity of the landfill will be protective of 
human health and the environment, and that the landfill structural integrity will not 
be compromised if built within an HFZ. 

The United States Geological Survey (USGS) published a field studies map (Howard, 
et al. 1978) which illustrates the occurrence of "young" faults throughout the United 
States.  Based on an evaluation of these data, no area of the site is within 200 feet of a 
fault.  Therefore, no impact of this type is expected to occur which might affect the 
proposed site. 

2.4.5 Seismic Impact Zones 
Rule .1622 (5) 

The Buncombe County Landfill is located within a seismic impact zone with a   
maximum horizontal acceleration value of 0.20g.  The seismic impact zone is taken 
into consideration for the preparation of the geotechnical design of the new cell.  

2.4.6 Unstable Areas 
Rule .1622 (6)  

Regulatory Background 

The North Carolina Solid Waste Management Rules [15A NCAC 13 B, Section .1622 
(6) (a)] requires owners or operators of municipal solid waste landfill (MSWLF) units 
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which are located in unstable areas (UAs) to demonstrate that adequate engineering 
measures have been taken to ensure that the structural integrity of the MSWLF unit 
will not be disrupted. The rule provides definitions of unstable areas and conditions.  
At a minimum the following factors should be considered when determining whether 
an area is unstable: 

  On-site or local soil conditions that may result in differential settling 

  On-site or local geologic or geomorphologic features 

  On-site or local human-made features or events 

If the unit is located in an area that is or could become unstable, then the applicant 
must provide detailed structural engineering and geotechnical analysis. 

The demonstration must show that the structural components of the MSWLF can 
withstand the impacts of potentially unstable areas, such as liquefaction areas, 
subsidence zones, karst areas, landslides, earth flows, rock slides, debris flows, 
avalanches, creep zones, slump areas, solifluction areas and other such features.  The 
structural components include liners, leachate collection systems, final cover systems, 
run-on and run-off control systems, and any other components used in the 
construction and operation of the MSWLF unit that are necessary for protection of 
human health and the environment. 

Geotechnical investigation on the site concluded that there are no unstable conditions. 
 
2.4.7 Cultural Resources 
Rule .1622 (7) 

Cultural Resource location restrictions state that new MSWLF units shall not damage 
or destroy an archeological or historical property.      

CDM requested the North Carolina Department of Cultural Resources to identify any 
archaeological or historical properties, which may be damaged or destroyed as a 
result of the Subtitle D landfill.  Correspondence from the Department of Cultural 
Resources requested that a survey be conducted by an experienced archaeologist.  The 
survey indicated that there are no archaeological artifacts in the proposed area of the 
landfill construction.  Thus, the proposed expansion site meets the requirements of 
Rule .1622(7).   

2.4.8 State Nature and Historic Preserves 
Rule .1622 (8) 

State Nature and Historic Preserve location restrictions state that new MSWLF units 
shall not have an adverse impact on State Nature and Historic Preserves.  There are 
no State Nature or Historic Preserves in the vicinity of the site.     
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2.4.9 Water Supply Watersheds 
Rule .1622 (9)(a) 

Water Supply Watershed location restrictions state that new MSWLF units shall not 
be located in the critical area of a water supply watershed or in the watershed for a 
stream segment classified as WS-1, in accordance with the rules codified in 15A 
NCAC 2B .0200 - "Classifications and Water Quality Standards Applicable to Surface 
Waters of North Carolina." 

The State has classified all surface waters and watersheds throughout the state as 
required by 15A NCAC 2B .0311 as referenced by Rule 2B .0200.  These classifications 
are published in documents available through the Division of Environmental 
Management.  A review of the locations of these state classified Water Supply 
Watersheds demonstrates that the proposed site is not located in an area that will 
impact or discharge to a WS-1, WS-II, WS-III, or WS-IV watershed.  Therefore, the 
proposed location is in compliance with Water Supply Watershed rules.   

Rule .1622 (9)(b) 

Water Supply Watershed location restrictions state that new MSWLF units which 
shall discharge leachate to surface waters at the landfill facility must obtain a National 
Pollution Discharge Elimination System (NPDES) Permit from the Division of 
Environmental Management; and the discharge shall not be located within a 
watershed classified as WS-II or WS-III.   

As stated above, the proposed site is not located within any of the classified 
watersheds mentioned in Rule .1622(9)(b).  In addition, based on the proposed design, 
the facility will not discharge leachate into any surface water locations and therefore 
is not expected to apply for a NPDES permit.  

2.4.10  Endangered and Threatened Species 
Rule .1622 (10) 

Endangered and Threatened Species rules state that new MSWLF units shall not 
jeopardize the continued existence of endangered or threatened species or result in 
the destruction or adverse modifications of a critical habitat, protected under the 
Federal Endangered Species Act of 1973.  

CDM contacted the Natural Heritage Program and US Fish and Wildlife Service and 
found that there are no endangered or threatened species are listed for the site.   
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This attachment refers to Section .1624.(b).(2) of the North Carolina Department of Environment 
and Natural Resources (NCDENR) Solid Waste Regulations, and, specifically, provides 
appropriate data and calculations to show that “the leachate collection system shall be 
hydraulically designed to remove leachate from the landfill and ensure that the leachate head 
on the composite liner does not exceed one foot.  At a minimum, the impingement rate on the 
drainage layer shall be equal to the monthly precipitation rate to evaluate the relationship 
between base slope, drainage layer permeability, and collector pipe spacing.” 
 
 
SUMMARY 
 
Pipe Size Calculations 
The leachate collection pipe size was designed to handle the modeled peak flow rate.  The peak 
flow rate resulting from the HELP model was 0.40 cubic feet per second.  Assumptions included 
the following:  0.028 design slope, 10-inch pipe diameter, and a Manning’s n-coefficient of 0.011.  
It was determined using Manning’s equation that under full flowing conditions, the pipe size 
could handle a flow rate of 4.34 cubic feet per second.  Under partial flowing conditions, the flow 
rate was 0.59 cubic feet per second.  Both calculated flow rates were larger than the modeled peak 
flow rate, thus the 10-inch pipe diameter was adequate. 
 
Perforation Calculations 
The leachate collection pipe includes 0.5-inch diameter perforation every 6 inches.  A calculation 
was performed to determine if the perforation diameter was adequate and the spacing was 
sufficient to handle the peak flow rate as to not exceed the one foot leachate head on the 
composite liner.  This determination was based on minimum length of leachate collection pipe 
required for 4-inches of leachate head.  Using the orifice equation and an orifice coefficient of 0.6, 
a flow rate through an orifice was calculated.  Using the modeled peak flow rate divided by the 
orifice flow rate, a minimum length of pipe was calculated.  The minimum length of leachate pipe 
calculated was 53 feet which is considerably less than the design length. 
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Task:
Verify design leachate collection pipe size will handle modeled peak flow rate assuming 10-inch 
diameter pipe.

Methodology:
Using Manning's equation and the assumed design slope and diameter. 

Q = flow rate (ft3 / s)
n = friction factor (dimensionless)
Rh = hydraulic radius (ft)
S = slope (ft / ft)

A = cross-sectional area of pipe (ft 2)

Assumptions:
Design slope (S) = 2.8%
Pipe diameter (in) = 10

n = 0.011
Flow rate from the HELP model

Cell 6 (acres) = 23
3

A

ASR
n

Q h
2

1
3

249.1


)55.0()028.0()21.0(
011.0

49.1
2

1
3

2
Q

Qpeak (ft
3/day/acre) = 1516.38 From the HELP model

Qpeak (ft
3/s) = 0.40

Calculations:
      A. "Full" flowing conditions

A (ft2) = 0.55
Rh (ft) = D / 4 = 0.21

Qfull (cfs) = 4.34
Factor of safety = 11

Pipe size will handle model Qpeak based on "full" flowing conditions.

ASR
n

Q h
2

1
3

249.1


)55.0()028.0()21.0(
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      A. "Partially" flowing conditions
Full flow (f) and partial flow (p) Ratio:

Dp / Df = 2.5" / 10" = 0.25

See Figure No. 1

Ap / Af = 0.19 Ap (ft
2) = 0.10

Rp / Rf = 0.6 Rp (ft) = 0.13

Qpartial (cfs) = 0.59

Pipe size sufficient for "partial" flowing conditions.

Conclusions:
A 10-inch pipe size diameter is adequate to handle modelled peak flowrates with a safety factor of 11 if the pipe 
is flowing full.  Also, the pipe diameter is sufficient for "partial" flow conditions.

A
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-There are at least 2 perforations per foot of pipe, thus, each foot of pipe allows 3.4 gpm
   to enter under minimal head conditions.

-To allow the design leachate impingement rate of 2.82X10 -4 cm/s to flow, the min. length
   of pipe required is:

Lmin = (1,516 cf/d-ac * 23 ac) / (3.4 gpm) = 53 ft

Conclusions:
The minimum length of pipe to ensure leachate conveyance is 53 feet.  This is exceeded in the design.

A
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This attachment refers to Section .1624.(b).(10).(A).(iii) of the North Carolina Department of 
Environment and Natural Resources (NCDENR) Solid Waste Regulations, and, specifically, 
provides appropriate data and calculations to show that “the physical properties of the pipe 
shall provide adequate structural strength to support the maximum static and dynamic loads 
and stresses imposed by the overlying materials and equipment used in construction and 
operation of the landfill.  Specifications for the pipe shall be submitted in the engineering 
report..” 
 
 
SUMMARY 
 
The leachate collection pipe wall thickness was calculated based on maximum static loading of 
wet waste.  Assumptions included the following:  140-foot maximum waste height and an 
average unit weight of waste of 2,000 pounds per cubic yard.  A required soil modulus of 
elasticity was calculated based on critical buckling and collapse pressure.  Dividing the 
maximum static load by the minimum soil modulus of elasticity, a percent soil strain of 3.1% was 
determined.  An allowable ring deflection for SDR 17 is 4.2% (reference Driscopipe manual); thus 
SDR 17 is specified. 
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Task:
Determine pipe thickness based on maximum static load.

Methodology:
Using the stress loading equation to calculate the maximum static load and determine
maximum allowable pipe deflection.

waste = average unit weight of waste

Hwaste = max waste thickness

Assumptions:
H (ft) = 140

waste (pcy) = 2000

Calculations:

       1. Maximum static load

max (psf) = (140)(2000) / 27

max (psf) = 10,370

A

wastewasteH  max

ta P
SDR

S
2

)1( 


max (psf)  10,370
(psi) = 72

       2. Wall crushing

Pt = soil pressure on top of pipe

Sa = ((17-1)*72) / 2

Sa (psi) = 576

1500 psi = compressive yield strength for Driscopipe (Reference Driscopipe manual)

Since 576 psi < 1500 psi O.K.

wastewasteH  max

ta P
SDR

S
2

)1( 
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       3. Critical collapse pressure

Pc = critical-collapse pressure

E = Modulus of elasticity (See Figure No. 3, Chart 25)
   Tensile stress  ≈ 700 psi
E = 15,000 @ 73.4°F

Pc = (2.32*15000) / (173)

Pc (psi) = 7.08

       4. Wall buckling

E' = required soil modulus of elasticity
Pcb = critical buckling pressure

Pc = critical-collapse pressure

Assume Pcb = Pt

E' = (72)2 / (0.64*7.08)

A

3

32.2

SDR

E
Pc 

)(64.0

)(
'

2

c

cb

P

P
E 

100
'min

x
E

P
E t

s 

E   (72)  / (0.64 7.08)

E' (psi) = 1144

E'min (psi) = (1144)(FS) = (1144)(2)

FS = Factor of Safety

E'min (psi) = 2288

       5. Pipe deflection

Es = % soil strain

Pt = total soil pressure

E'min = Required soil modulus of elasticity x Factor of Safety

Es = (72 / 2288) * 100

Es = 3.1%

3

32.2

SDR

E
Pc 

)(64.0
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Conclusions:
From the Driscopipe manual (See Figure No. 4):

Allowable ring deflection for SDR 17 = 4.2%
Since 3.1% < 4.2%, SDR 17 is specified.

Perforated collection pipe design summary requires SDR 17.

Sa (psi) = Actual Compressive Stress =
Pc (psi) = Critical Collapse Pressure =
E'min (psi) = Minimum Soil Strength = @ FS = 2.0

Es = % Ring Defleciton =

576

7.08

2288

3.1%

A
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SUMMARY 
 
The sizing of the sump pump for the leachate collection system was completed using a design 
pump capacity of 65 gallons per minute.  The length of the 6-inch diameter force main used was 
approximately 3,200 linear feet.  Elevation, friction, minor, and valve headlosses were calculated.  
A “Leachator Pump” model LPS2071, 216 Impeller, was specified based on 55 feet of total 
headloss. 
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Task:
Calculate the maximum headloss that will effect the sump pump.

Methodology:
Calculate total dynamic head for Cell 6.

Assumptions:
Design pump capacity (gpm) = 65

Use C-100 (older, scum-lined HDPE)

Calculations:
Lowest invert for Cell 6 (ft) = 1994

3200
Q in FM (gpm) ≈ 100

Hstatic (ft) = 2025-1994 = 31

Hfriction (ft) = (3200)(0.6/100) = 19.2 From Cameron Hydraulic Data Manual (18th)

Hminor (ft) = @8 x 0.02 = 0.2

Hriser (ft) = @2.0 = 2.0

Hvalves (ft) = @3.0 = 3.0

TDH = 55.4
Max TDH = 55 at 65 gpm

Use "Leachator Pump" model LPS2071, Impeller 216 (see attached Performance curve).

Conclusions:
1. Number of active cell is not known, but will average at 3.

2 or 3 pumps may want to operate simultaneously during the 25-yr, 24-hr storm.

2. Run-time meters will be included with all pump control panels to monitor flow per cell, over the life of the cell.  
After cell closure, if flows drop dramatically, sump pumps can be removed and replaced with smaller pumps 
(lower capacity, but with similar TDH characteristics) to operate more efficiently.

System will then work exactly like a low pressure sewer system, and pumps will fall back on their curves, 
pumping less and using less power, until another pump drops off, and system "re-adjusts" until all pumps are 
done their cycling.  

A

Length of 6"-dia force main (FM) 
from "F" to "O" (LF) ≈
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The topography of the site can be characterized as upland terrain with rock outcrops and 
ridge and valley topographic features.  At the location of the borings within the Cell 6 
footprint, the ground surface elevation ranged from about EL. 1980 to EL. 2030 ft-NAVD.   

Two cross sections, Section 1 (north-south) and Section 2 (east-west), were analyzed for the 
Phase 6 permit renewal. The locations of the cross sections are shown on Figure 2. The cross 
sections are presented on Figures 3A and 3B, respectively.  

Subsurface Conditions 
A total of six (6) site exploration programs were performed at the landfill site between 1991 
and 2004. Data and analyses from the first five exploration programs are available in the 
“Buncombe County Solid Waste Management Facility – Buncombe Project XL – Geotechnical 
Stability Evaluation” prepared by CDM in 2002.  The data related to the most recent 
exploration program conducted in 2004 are contained in “Permit to Construction Application 
Package - Appendix E Hydrogeologic Report and Appendix F Geotechnical Report” prepared 
by CDM in December 2004. The borings performed in 2004 were designated as B-700-series, 
and a summary of the subsurface conditions encountered in those borings is included in 
Table 1. Attachments A and B contain all B-700-series boring logs and laboratory test results 
performed on selected samples collected from those borings.   

Design Parameters 
The landfill will consist of the following components in order of their occurrence below final 
closure grade: 

 6 inches Vegetative Cover  Layer, 

 18 inches Protective Cover Layer, 

 Geocomposite Drainage Layer, 

 40-mil Textured LLDPE, 

 18 inches Intermediate Cover Layer, 

 MSW, 

 24 inches Crushed Stone, 

 Geotextile Fabric Cushion, 

 60-mil HDPE Liner, 

 Geocomposite Clay Liner, and 

 18 inches Compacted Soil Layer. 

A summary of design properties for each of these components is presented in Table 2. 
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Table 2: Summary of Landfill Component Design Properties 

Layer 
No. 

Materials Unit 
Weight 

(pcf) 

Friction 
Angle 

(degrees) 

Cohesion 
(psf) 

Basis for Parameter 
Selection 

1 
Closure Cap 

System 
120 30 0 Literature Search 

2 MSW 90 27.5 0 Literature Search 

3 
Liner/Leachate 

System 
110 20.5 0 

Contract documents shall 
specify a minimum 

interface friction angle of 
20.5° between adjacent 

liner system components 

The subsurface strata and design properties assumed for the geotechnical analyses are shown 
in Figures 3A and 3B and are summarized in Table 3.  

Table 3: Summary of Subsurface Design Properties 

Layer 
No. 

Materials 
Layer 

Thickness 
(ft) 

Unit 
Weight 

(pcf) 

Friction 
Angle 

(degrees) 

Cohesion 
(psf) 

Basis for 
Parameter 
Selection 

1 
Fill (Only 

Section 1) 
0-22 115 34 0 

SPT N-
Values and 

Previous 
CDM 

Reports 

2 Clay/Silt 0-38.5 118 30 0 

3 
Silty/Clayey 

Sand 
0-41.5 118 32 0 

4 PWR (1) 0-24.5 135 35 500 

5 Bedrock - 150 - 10,000 
Literature 

Search 

Note 1: Partially weathered rock (PWR) is defined as in-place weathered bedrock that results in greater 
than 50 blows for 6 inches of penetration of a 2-inch-diameter split-spoon sampler driven by blows 
from a 140-pound hammer falling freely for a 30-inch drop. 
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Depth from the ground surface to the top of bedrock within the Cell 6 Phase III footprint 
ranged from 19 feet in boring B-707 to 62 feet in B-703D. The top-of-bedrock elevation 
increased to the southeast as shown in the bedrock contour map included in Figure 4. Based 
on this map, the deepest top of rock elevation is EL. 1930 ft-NAVD.    

Phreatic Surface 
Analyses were performed for each cross section considering two sets of phreatic surface 
conditions.  The first set assumed that the introduction of liquids into the landfill waste for 
the bioreactor would not result in complete saturation of the waste and no phreatic surface 
would develop.  The second phreatic surface condition assumed that the introduction of 
liquids into the horizontal injection trenches would saturate the waste below the injection 
trenches, and a phreatic surface would develop within the waste.  The first level of horizontal 
injection trenches for the bioreactor will be installed at EL. 2060 and subsequently at 30-foot 
vertical intervals as the fill height increases. The trenches will have a minimum 100-foot 
setback from the edge of the slope. The phreatic surface was assumed to be at the trench 
elevation within the perforated pipe portion of the trench and then to slope down on a 1H:1V 
slope to the next level of trench or to the liner as shown in Attachment C.  This assumption is 
conservative since the target moisture content for the bioreactor operations will not likely 
result in global saturation of the waste.   

Slope Stability Analyses – Static Conditions  
Analyses for overall (global) stability were performed using the SLOPE/W version 2007 
modeling software package distributed by GEO-SLOPE International, Ltd. While several 
stability methods are available for SLOPE/W software, the Spencer method was selected for 
the analyses presented in this report.  

Slope stability analyses for Cell 6 Phase III were performed for the two cross sections shown 
on Figures 3A and 3B with and without phreatic surfaces as explained above. The SLOPE/W 
computer program calculates factors of safety against circular and block failures of the global 
landfill mass based upon the input values for slope geometry, soil and waste properties, and 
phreatic surfaces. The minimum acceptable factor of safety for overall global stability is 1.5 
under static loading conditions. 

The computed minimum factors of safety for circular and block failure surfaces are presented 
in Table 4. All factors of safety are greater than 1.5. Results of the SLOPE/W analyses are 
included in Attachment C. 

Slope Stability Analyses – Seismic Loading Conditions  
Both north-south and east-west cross sections were evaluated for seismic loading conditions.  
A deformation analysis was performed based upon EPA’s guidance document “Seismic 
Design Guidance for Municipal Solid Waste Landfill Facilities” dated April 1995.   
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Table 4: Results of Slope Stability Analyses – Static Condition 

Cross Section 
Phreatic Surface 

within Landfill 

Factor of Safety 

Circular Failure Block Failure 

Section 1: 

North-South 

Yes 1.69 1.85 

No 2.10 1.95 

Section 2: 
East-West 

Yes 1.55 1.63 

No 1.61 1.66 

 
Generally, the dynamic forces acting on a landfill during a seismic event do not result in 
large-scale slides.  The seismic forces that increase the driving forces to exceed resisting forces 
are of a limited duration and usually only result in limited displacement.  Based on the design 
guidance document, displacements under earthquake loading of up to 12 inches are 
considered acceptable for geosynthetic liner systems.  In his review letter for CDM’s 
September 2002 report, Professor Timothy Stark stated that a geomembrane or GCL will have 
difficulty withstanding 12 inches of rapid shear displacement (Stark, 2002).  Based upon his 
recommendations, CDM has adopted 4 inches of displacement across the liner system as the 
limiting criteria under seismic loading conditions.   

The method used to estimate potential displacements during an earthquake event is based on 
Makdisi and Seed, 1978.  In order to estimate the displacements, the yield acceleration (ky) 
that results in a factor of safety of 1.0 was determined.  The ratio between the yield 
acceleration and the maximum average acceleration of a failure mass serves as the input value 
to estimate the displacements from the design charts. 

U.S. Geological Survey (USGS) Probabilistic Seismic Hazard Deaggregation chart for this site 
indicates that the Buncombe County Landfill has a mean earthquake magnitude of 5.89 and a 
peak ground acceleration of 0.226g for an earthquake with a 2% probability of exceedance in 
50 years.  This peak acceleration was used to estimate the maximum average acceleration for 
liner interface failure mode.  Based on the EPA’s guidance document, the peak ground 
acceleration provides a conservative estimate of the landfill mass above the liner.  The yield 
acceleration of potential sliding masses along the liner interface and through the waste mass 
was computed for both cross sections for the conservative assumption that a phreatic surface 
develops due to the horizontal injection trenches.   
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The results of the analyses indicate that the computed displacements are less than two inches 
for the worst condition.  The seismic deformation analyses, reference material, and graphical 
output are included in Appendix D. 

Veneer Stability Analysis  
A two-part wedge analysis was used to calculate the factor of safety against veneer sliding for 
the cap materials on the side slopes of both cross sections.  A two-part wedge analysis is 
essentially the ratio of the resisting forces to the driving forces.  The minimum acceptable 
factor of safety against veneer sliding is generally considered to be 1.5 for static loading 
conditions.  

Veneer stability analyses indicate that the protective soils on the side slopes must be kept in a 
drained condition to satisfy the minimum safety requirements. Based upon a maximum slope 
height of 128 feet at 4H:1V (north-south cross section) slopes, a minimum interface friction 
angle of 20.5 degrees is required within the cap system to provide a factor of safety higher 
than 1.5. For a maximum slope height of 99 feet at 3H:1V (east-west cross section) slopes, a 
minimum interface friction angle of 26.5 degrees will be required to satisfy the minimum 
factor of safety requirement for veneer stability.  

The veneer stability calculations for the closure cap materials are included in Attachment E.   

Geocomposite Drainage Net 
Based on the veneer stability analysis presented above, the cap materials on the side slopes 
must be kept in a drained condition.  The lateral drainage system must be designed such that 
water cannot accumulate in the cap materials overlying the synthetic cap. If water does build 
up in this layer, the resulting excess water pressures could cause veneer slope instability on 
the side slopes.  

Assuming the protective soil layer above the geonet has a hydraulic conductivity of 1 x 10-4 
cm/sec or lower, the analysis results indicate that a geocomposite drainage net system with a 
transmissivity of 3.6 x 10-3 m2/sec will provide adequate lateral drainage for side slopes with a 
maximum vertical height of 128 feet.  The calculations for the geocomposite drainage net are 
included in Appendix F. 

The Contract Documents should jointly address both the cover soils and geocomposite 
drainage net and should specify a geocomposite transmissivity that is appropriate for the 
hydraulic conductivity of the protective cover soils.   

A compatibility analysis of the geocomposite drainage net to the cap materials should be 
performed to determine the properties of the geotextile fabric that will be used as the top 
layer of the drainage net. The geotextile fabric must have an opening size compatible with the 
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proposed soil such that the opening is not so large as to allow soil to enter into the fabric and 
cause clogging of the fabric. This analysis should be performed after the proposed cap 
materials have been identified or the grain-size specified. 

Settlement Analyses 
CDM performed settlement analyses for the proposed final geometry of the Cell 6 Phase III 
landfill to estimate the settlement of foundation soils under the load from the waste and final 
cap materials.  The purpose of the foundation settlement analyses is to assure that the 
leachate collection and liner system grades meet or exceed minimum specified slope 
requirements after settlement has occurred. Although some foundation settlement will occur 
during construction, for the purpose of maintaining adequate drainage for the final cap and 
leachate collection systems, all calculated settlements are assumed to occur after landfill 
construction is complete.   

The Schmertmann method was used for the settlement analyses with vertical stress influence 
factors based upon Boussinesq stress distribution (for homogeneous isotropic elastic 
material). The foundation settlement analyses were calculated in the center (Point A), for the 
most critical point (Point B), and at the mid-slope (Point C) including a 2-foot-thick closure 
cap on top of the MSW weight. The most critical point, Point B, is the location where the 
thicknesses of the new waste and residual soil resulted in the maximum settlement. All three 
points are shown on Figure 3-A.  

The soil profile is conservatively assumed based on test boring information and the elevation 
of the liner from the as-built construction plans. The top 10 feet of the residual soil are 
assumed to be silt while the remainder of the residual soil is assumed to consist of only sand. 
The PWR and bedrock underlying the residual soils are assumed to be incompressible. Design 
soil properties for the soil layers are based upon SPT N-values from borings located in the 
Cell 6 footprint area as shown in Table 1.     

A summary of the total waste and residual soil thicknesses and anticipated settlement at each 
point is provided in Table 5. The analyses results are included in Attachment G. 

The foundation soils will tend to settle differentially with the maximum settlement occurring 
near the center of the landfill and almost zero settlement at the toe. Settlement of foundation 
soils is expected to result in flatter cross-slopes along the liner bottom and a reduction in 
leachate pipe grades.  However, post-settlement pipe grades for the leachate collection system 
should be no less than 0.5% and should be adequate to maintain drainage of the leachate 
collection system. 
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Table 5: Results of Settlement Analyses 

Point Location 
Layer Thickness (ft) 

Settlement (in) 
MSW Residual Soil 

A 
Center 136 25 18 

B 
Most Critical 

Point 
124 43 23 

C 
Mid-slope 63 42 10 

 
 
Limitations 
This memorandum has been prepared for specific application to the subject project in 
accordance with generally accepted geotechnical engineering practices.  No other warranty, 
express or implied, is made.  In the event that any changes in the nature, design, or location of 
the proposed landfill cell are planned, the conclusions and preliminary recommendations 
presented in this report should not be considered valid, unless changes are reviewed and 
conclusions of this memorandum are modified or verified in writing. 

The preliminary recommendations submitted in this report are based in part upon the data 
obtained from the referenced borings.  The nature and extent of variations between the 
explorations may not become evident until construction.  If variations then appear evident, it 
may be necessary to re-evaluate the recommendations of the report. 
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Fill Sand Clay/ Silt PWR Bedrock

B-701D 2024.4 55.0 53.0 - 8.3 9.7 6.5 >30.5 18.0 24.5 2006.4 1999.9 14

B-702 2054.5 75.0 75.0 - 8.0 - 22.0 >45.0 8.0 30.0 2046.5 2024.5 74

B-703D 2054.3 73.0 70.0 - 40.0 18.0 4.0 >11.0 58.0 62.0 1996.3 1992.3 23

B-704 2060.1 85.0 80.0 - - - 39.0 >46.0 0.0 39.0 2060.1 2021.1 N/A

B-705 2066.1 64.0 61.0 23.3 9.7 8.0 >23.0 33.0 41.0 2033.1 2025.1 24

B-706D 2009.1 41.0 39.0 - 9.4 8.6 7.5 >15.5 18.0 25.5 1991.1 1983.6 19

B-707 2004.6 29.0 20.0 - - 9.5 9.5 >10.0 9.5 19.0 1995.1 1985.6 14

B-708D 2026.8 46.0 42.0 - 25.0 8.0 6.0 >7.0 33.0 39.0 1993.8 1987.8 13

709 2044.6 83.0 80.0 - 15.0 8.0 3.5 >56.5 23.0 26.5 2021.6 2018.1 31

B-710 2008.3 41.0 39.0 - 15.0 8.0 11.0 >7.0 23.0 34.0 1985.3 1974.3 15

B-711d 1988.7 44.0 40.0 - - 13.0 20.5 >10.5 13.0 33.5 1975.7 1955.2 10

B-712 1992.2 84.0 80.0 - - 5.0 46.0 >33.0 5.0 51.0 1987.2 1941.2 14

B-713 2031.7 83.0 79.0 - 22.0 5.0 11.0 >45.0 27.0 38.0 2004.7 1993.7 33

B-714 2035.2 76.5 DRY - 22.0 5.0 18.0 >31.5 27.0 45.0 2008.2 1990.2 18

B-715 2026.9 41.0 DRY - 13.0 - 10.0 >18.0 13.0 23.0 2013.9 2003.9 54

B-716 1975.3 20.0 DRY - 5.0 13.0 >2.0 - 18.0 - 1957.3 - 19

B-717 2021.3 97.0 95.0 - 5.0 9.8 7.2 >75.0 14.8 22.0 2006.5 1999.3 18

B-718 2013.4 95.0 92.0 22.0 - - - >73.0 - 22.0 - 1991.4 N/A

Average= 25
Notes: 

1.  Elevations are based on the National Geodetic Vertical Datum (NGVD) of 1929 and are reported in feet above mean sea level.

Abbreviations:
PWR Partially Weathered Rock

- Not Encountered
> Indicates strata not fully penetrated

Approximate 
PWR Surface 

Elevation 
(ft-NGVD)

Strata Thickness (ft)
Depth to 

Top of 
Bedrock

2.  Average N-value within the Sand and Silt/Clay layer for settlement analysis. 
     The number of blows required to drive the split-spoon sampler each 6-inch increment was recorded and the Standard Penetration Resistance (N-value) was determined as the sum of the
     blows over the 2nd and 3rd 6-inch increments. 

Depth to 
Top of 
PWR

Boring 
No.

Approximate 
Ground Surface 

Elevation 
(ft-NGVD) (1)

Total Drilling 
Depth         

(ft)

Approximate 
Depth to 

Groundwater (ft)

Buncombe County Landfill
Cell 6 Phase III
Alexander, NC

 Table 1
Summary of 2004 Subsurface Exploration

Approximate 
Bedrock Surface 

Elevation 
(ft-NGVD) 

Average 
N-value 

(2)
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Strength Parameters:
1 - MSW: Unit Weight= 90 pcf, Internal Friction Angle= 27.5 degrees
2 - Liner/Leachate System: Unit Weight= 110 pcf, Internal Friction Angle= 20 degrees
3 - Fill: Unit Weight= 115 pcf, Internal Friction Angle= 34 degrees
4 - Clay/Silt: Unit Weight= 118 pcf, Internal Friction Angle= 30 degrees
5 - Silty/Clayey Sand: Unit Weight= 118 pcf, Internal Friction Angle= 32 degrees
6 - PWR: Unit Weight= 135 pcf, Internal Friction Angle= 35 degrees, Cohesion= 500 psf
7 - Bedrock: Unit Weight= 150 pcf, Cohesion= 10,000 psf
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Strength Parameters:
1 - MSW: Unit Weight= 90 pcf, Internal Friction Angle= 27.5 degrees
2 - Liner/Leachate System: Unit Weight= 110 pcf, Internal Friction Angle= 20 degrees
3 - Clay/Silt: Unit Weight= 118 pcf, Internal Friction Angle= 30 degrees
4 - Silty/Clayey Sand: Unit Weight= 118 pcf, Internal Friction Angle= 32 degrees
5 - PWR: Unit Weight= 135 pcf, Internal Friction Angle= 35 degrees, Cohesion= 500 psf
6 - Bedrock: Unit Weight= 150 pcf, Cohesion= 10,000 psf
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Laboratory Test Results 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Coarse Fine Coarse Med Fine Clay
0.0 0.4 0.7 8.4 18.2 36.0

Sieve Opening % Finer Soil Classification
Size [mm] by Mass USCS: MH

3 inch 76.2 100.0 Description: Elastic silt with sand
3/4 inch 19.05 100.0

#4 4.75 99.6
#10 2.00 98.8 Plasticity Indices
#20 0.85 95.8 LL: 79 LL Oven Dry: -
#40 0.425 90.5 PI: 42

#100 0.15 79.7
#200 0.075 72.2 Coefficients

- 0.002 36.0 C c : - D 10 : -
C u : - D 30 : -

D 60 : 0.023 mm

Exploration No: - Testing Comments
Sample No: B-709 -
Depth (ft): 10-12
Sample Date: 10/13/04 As Rec'd Moisture: 33.2%
Lab ID: 6140

Client: CDM - Raleigh
Project: Buncombe County Landfill Expansion

Project No: 6447-42379

Silt% Cobbles
0.0 36.2

% Gravel % Sand % Fines

Grain Size Distribution
ASTM D422

A
Geotechnical Engineering 
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Client:
Project Name: Tested By: ADT
Project Location: Test Date: 11/17/2004
Project Number: Checked By: ADT
Sample Number:
Sample Location:
Sample Depth(ft):
Lab Sample ID:

Weight of flask M f, (g)

CDM - Raleigh
ombe County Landfill Expa

Alexander, NC
6447-42379

6140

-
B-709

10-12

Weight of flask and distilled water at test temperature 
Ma,(g) 

Weight of  flask, soil and distilled water at test 
temperature Mb, (g)

Specific gravity at 20 OC 2.69

Specific gravity at test temperature. 2.69

A

Geotechnical Engineering Laboratory

Specific Gravity of Soils

A

Standard Test Method for Specific Gravity (ASTM D854)

24.0

Test Temperature Tb, (
oC)

Calibration Temperature Ta, (
oC) 

Test Procedure

23.0

153.93

Weight of oven-dry soil M o, (g) 21.80

411.87

425.58



Coarse Fine Coarse Med Fine Clay
0.0 1.7 3.2 23.6 40.5 8.0

Sieve Opening % Finer Soil Classification
Size [mm] by Mass USCS: SC

3 inch 76.2 100.0 Description: Clayey sand
3/4 inch 19.05 100.0

#4 4.75 98.3
#10 2.00 95.1 Plasticity Indices
#20 0.85 84.1 LL: 87 LL Oven Dry: -
#40 0.425 71.6 PI: 49

#100 0.15 42.7
#200 0.075 31.1 Coefficients

- 0.002 8.0 C c : 2.20 D 10 : 0.004 mm
C u : 75.24 D 30 : 0.048 mm

D 60 : 0.280 mm

Exploration No: - Testing Comments
Sample No: B-714 Sample was a red/orange clay taken 
Depth (ft): 8-10 from the bottom 10" of drive tube
Sample Date: 10/1/04 As Rec'd Moisture: 48.5%
Lab ID: 6141

Client: CDM - Raleigh
Project: Buncombe County Landfill Expansion

Project No: 6447-42379

Silt% Cobbles
0.0 23.1

% Gravel % Sand % Fines

Grain Size Distribution
ASTM D422

A
Geotechnical Engineering 
Laboratory
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Client:
Project Name: Tested By: ADT
Project Location: Test Date: 11/16/2004
Project Number: Checked By: ADT
Sample Number:
Sample Location:
Sample Depth(ft):
Lab Sample ID:

22.0

Test Temperature Tb, (
oC)

Calibration Temperature Ta, (
oC) 

Test Procedure

22.0

143.44

Weight of oven-dry soil M o, (g) 20.24

418.69

431.28

A

Geotechnical Engineering Laboratory

Specific Gravity of Soils

A

Standard Test Method for Specific Gravity (ASTM D854)

Specific gravity at test temperature. 2.64

Weight of flask and distilled water at test temperature 
Ma,(g) 

Weight of  flask, soil and distilled water at test 
temperature Mb, (g)

Specific gravity at 20 OC 2.64

Weight of flask M f, (g)

CDM - Raleigh
Buncombe County

Alexander, NC
6447-42379

6141

-
B-714

8-10



CDM Jessberger
Geotechnical Engineering Laboratory

Hydraulic Conductivity Using Flexible Wall Permeameter (ASTM D5084)

Client: CDM - Raleigh Tested by: ADT
Project Name: Buncombe County Landfill Expansion Checked by: ADT
Project Location: Alexander, NC Start Test Date:  11/12/2004
Project Number: 6447-42379 Permeant Fluid: De-aired water
Sample Number: B-714 Sample Preparation
Sample Location: - Procedures: Sample extruded
Depth (ft): 8-10 from tube.
Lab I.D. Number: 6141
Sample Description: -
Test Type: Constant Head (Method A)

Sample Characteristics Initial Final Test Specifications
Avg. length of specimen (in) 4.72 4.68 B-Value (%): 100.0
Avg. dia. of specimen (in) 2.88 2.88 Consolidation stress (psi): 10.0
Area (sq in) 6.49 6.51 Gradient (in/in): 25.3
Volume (cubic in) 30.61 30.48 Cell pressure (psi): 72.2
Moist mass (g) 838.5 878.9 Head pressure (psi): 64.3
Moist unit weight (pcf) 104.3 109.8 Tail pressure (psi): 60.0
Moisture content (%) 35.0 40.6 Max effective stress (psi): 12.2
Dry density (pcf) 77.3 78.2 Min effective stress (psi): 7.9
Specific gravity (assumed) 2.65 2.65
Void ratio 1.14 1.12

Comments: Sample was divided vertically in quarters.
No observed anomalies (ie rocks, voids, etc.).

Hydraulic Conductivity at 20 oC   =  3.7E-07 cm/sec

Hydraulic Conductivity
vs Time
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Client: Buncombe County Test Date: 11/16/2004
Project: Asbestos Abatement Exploration No: B-714
Location: Alexander, NC Sample No: -
Project No: 06447-42379-RT.CELL6 Depth (ft): 8-10

Sample Description: Clayey sand

Initial PreShear Plasticity Indicies:
Water Content: 51.8% 60.3% LL : 87
Wet Mass (g): 934.2 961.9 PL : 38
Dry Density (pcf): 63.8 63.9 PI : 49
Height (in): 5.61 5.49
Diameter (in): 2.89 2.88
Specific Gravity: 2.75 2.75
Voids Ratio: 1.692 1.686 Preconsolidtion Pressure (psi): -

Vertical Consol Stress (psi): 49.96
Max Obliquity, R: 3.46 Over Consolidation Ratio: -
p' @ Rmax (psi): 42.38 B-Coefficient: 95
q @ Rmax (psi): 23.39 Back Pressure (psi): 49.66
ε @ Rmax: 4.32%

0.1 55.4 46.3 50.8 4.6 3.7 1.197
1.0 63.7 29.7 46.7 17.0 20.2 2.143
2.0 67.6 23.0 45.3 22.3 27.1 2.934
3.0 67.6 20.3 43.9 23.7 29.8 3.332
5.0 64.6 18.8 41.7 22.9 31.3 3.442
7.0 60.2 18.4 39.3 20.9 31.7 3.269
9.0 60.2 18.4 39.3 20.9 31.7 3.269
11.0 53.6 19.3 36.5 17.2 30.8 2.785
13.0 52.9 19.9 36.4 16.5 30.1 2.657
15.0 52.9 19.9 36.4 16.5 30.1 2.657

Notes:
1.  Consolidation phase performed in general accordance with ASTM D2435.

A  Geotechnical Engineering Laboratory

Consolidated Undrained Triaxial Compression Test for Cohesive Soils - ASTM D4767

Axial 
Strain (%) σ'1 (psi) σ'3 (psi) p ' (psi) q  (psi) Excess Pore 

Press (psi)
Obliquity 

R

Testing Summary



Exploration No: B-714 Preconsolidtion Pressure (psi): -
Sample No: - Vertical Consol Stress (psi): 50.0
Depth (ft): 8-10 Over Consolidation Ratio: -
Sample Description: Clayey sand Maximum Obliquity, R: 3.46

q @ Rmax (psi): 23.39

Client: Buncombe County
Project: Asbestos Abatement
Project No: 06447-42379-RT.CELL6

A
Geotechnical Engineering 
Laboratory

CIUC Triaxial Test
ASTM D4767
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Coarse Fine Coarse Med Fine Clay
0.0 0.1 2.9 17.1 36.7 5.3

Sieve Opening % Finer Soil Classification
Size [mm] by Mass USCS: SM

3 inch 76.2 100.0 Description: Silty sand
3/4 inch 19.05 100.0

#4 4.75 99.9
#10 2.00 97.0 Plasticity Indices
#20 0.85 89.7 LL: NP LL Oven Dry: -
#40 0.425 79.9 PI: NP

#100 0.15 58.5
#200 0.075 43.2 Coefficients

- 0.002 5.3 C c : 1.39 D 10 : 0.008 mm
C u : 21.18 D 30 : 0.041 mm

D 60 : 0.161 mm

Exploration No: - Testing Comments
Sample No: B-600 -
Depth (ft): 5-7
Sample Date: 10/13/04 As Rec'd Moisture: 15.3%
Lab ID: 6142

Client: CDM - Raleigh
Project: Buncombe County Landfill Expansion

Project No: 6447-42379
Grain Size Distribution

ASTM D422

A
Geotechnical Engineering 
Laboratory
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0.0 37.9
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Client:
Project Name: Tested By: ADT
Project Location: Test Date: 11/16/2004
Project Number: Checked By: ADT
Sample Number:
Sample Location:
Sample Depth(ft):
Lab Sample ID:

22.0

Test Temperature Tb, (
oC)

Calibration Temperature Ta, (
oC) 

Test Procedure

22.0

150.55

Weight of oven-dry soil M o, (g) 21.19

414.66

427.98

A

Geotechnical Engineering Laboratory

Specific Gravity of Soils

A

Standard Test Method for Specific Gravity (ASTM D854)

Specific gravity at test temperature. 2.69

Weight of flask and distilled water at test temperature 
Ma,(g) 

Weight of  flask, soil and distilled water at test 
temperature Mb, (g)

Specific gravity at 20 OC 2.69

Weight of flask M f, (g)

CDM - Raleigh
Buncombe County

Alexander, NC
6447-42379

6142

-
B-600

5-7



CDM Jessberger 
Geotechnical Engineering Laboratory

Hydraulic Conductivity Using Flexible Wall Permeameter (ASTM D 5084)

Client: CDM- Raleigh Tested by: ADT
Project Name: Buncombe County Landfill Expansion Checked by: ADT
Project Location: Alexander, NC Start Test Date: 11/12/2004
Project Number: 6447-42379 Permeant Fluid: De-aired water
Sample Number: B-600
Sample Location: - Sample Preparation
Depth (ft): 5-7 Procedures: Sample extruded from
Lab I.D. Number: 6142 tube.
Sample Description: -  
Test Type: Falling head (Method C)

Sample Characteristics Initial Final Test Specifications
Avg. length of specimen (in): 5.55 5.44 B-Value (%): 96.0
Avg. dia. of specimen (in): 2.88 2.85 Consolidation stress (psi): 10.0
Area (sq in): 6.51 6.37 Maximum gradient (in/in): 18.4
Volume (cubic in): 36.08 34.65 Minimum gradient (in/in): 3.0
Moist mass (g): 1060.0 1137.3 Cell pressure (psi): 70.0
Moist unit weight (pcf): 111.9 125.0 Back pressure (psi): 60.0
Moisture content (%): 12.3 23.2
Dry unit weight (pcf): 99.6 101.5
Specific gravity (assumed) 2.65 2.65
Void Ratio 0.66 0.63

Comments: No observed anomalies (ie. rocks, voids, etc.).

Hydraulic Conductivity at 20 oC     = 2.0E-07  cm/sec

Hydraulic Conductivity vs Time
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Client:
Project Name:
Project Location:
Project Number:

Results

Test Number: 1 2 3
Sample Number: B-714 B-600 B-709
Sample Location: - - -
Lab ID Number: 6141 6142 6140
Tested By: KH KH KH
Test Date: 11/16/2004 11/15/2004 11/17/2004
Sample Depth (ft): 8-10 5-7 10-12
As Rec'd Water Cont. (%): 48.5 15.3 33.2
Liquid Limit (LL) 87 NP 79
Plastic Limit (PL) 38 NP 37
Plasticity Index (PI) 49 NP 42

                    Plasticity Chart

  

Reference: ASTM D 2487

A

       Geotechnical Engineering Laboratory

Liquid Limit, Plastic Limit and Plasticity Index of Soils (ASTM D4318)

For classification of fine-grained soils and fine-grained fraction of coarse-grained soils.

6447-42379

CDM - Raleigh
Buncombe County Landfill Expansion

Alexander, NC

0

10

20

30

40

50

60

0 10 20 30 40 50 60 70 80 90 100

Liquid Limit (LL)

Pl
as

tic
ity

 In
de

x 
(P

I)

Legend

Test #1

Test #3
CL-ML

MH or OH

CH or OH

CL or OL

ML or OL

U-LINE
A-LINE



Coarse Fine Coarse Med Fine Clay
0.0 11.0 15.5 35.0 21.2 3.6

Sieve Opening % Finer Soil Classification
Size [mm] by Mass USCS: SM

3 inch 76.2 100.0 Description: Silty sand
3/4 inch 19.05 100.0 Soil classification and description based on

#4 4.75 89.0 Visual-Manual Procedure (ASTM D2488)
#10 2.00 73.5 Plasticity Indices
#20 0.85 51.4 LL: - LL Oven Dry: -
#40 0.425 38.4 PI: -

#100 0.15 23.1
#200 0.075 17.2 Coefficients

- 0.002 3.6 C c : 1.98 D 10 : 0.024 mm
C u : 48.51 D 30 : 0.240 mm

D 60 : 1.186 mm

Exploration No: - Testing Comments
Sample No: B-701 -
Depth (ft): 13.5-15
Sample Date: - As Rec'd Moisture: 7.3%
Lab ID: 6143

Client: CDM-Raleigh
Project: Buncombe County Landfill Expansion

Project No: 6447-42379

Silt% Cobbles
0.0 13.6

% Gravel % Sand % Fines

Grain Size Distribution
ASTM D422
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Coarse Fine Coarse Med Fine Clay
0.0 4.7 4.9 21.7 33.8 2.5

Sieve Opening % Finer Soil Classification
Size [mm] by Mass USCS: SM

3 inch 76.2 100.0 Description: Silty sand
3/4 inch 19.05 100.0 Soil classification and description based on

#4 4.75 95.3 Visual-Manual Procedure (ASTM D2488)
#10 2.00 90.4 Plasticity Indices
#20 0.85 80.4 LL: - LL Oven Dry: -
#40 0.425 68.7 PI: -

#100 0.15 48.7
#200 0.075 34.9 Coefficients

- 0.002 2.5 C c : 0.91 D 10 : 0.013 mm
C u : 21.05 D 30 : 0.056 mm

D 60 : 0.270 mm

Exploration No: - Testing Comments
Sample No: B-705 -
Depth (ft): 18.5-20
Sample Date: - As Rec'd Moisture: 24.4%
Lab ID: 6144

Client: CDM-Raleigh
Project: Buncombe County Landfill Expansion

Project No: 6447-42379
Grain Size Distribution

ASTM D422

A
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Coarse Fine Coarse Med Fine Clay
0.0 2.4 4.2 34.7 40.9 2.5

Sieve Opening % Finer Soil Classification
Size [mm] by Mass USCS: SM

3 inch 76.2 100.0 Description: Silty sand
3/4 inch 19.05 100.0 Soil classification and description based on

#4 4.75 97.6 Visual-Manual Procedure (ASTM D2488)
#10 2.00 93.5 Plasticity Indices
#20 0.85 79.2 LL: - LL Oven Dry: -
#40 0.425 58.8 PI: -

#100 0.15 28.5
#200 0.075 17.9 Coefficients

- 0.002 2.5 C c : 2.10 D 10 : 0.027 mm
C u : 16.52 D 30 : 0.158 mm

D 60 : 0.443 mm

Exploration No: - Testing Comments
Sample No: B-705 -
Depth (ft): 33.5-35
Sample Date: - As Rec'd Moisture: 6.6%
Lab ID: 6145

Client: CDM-Raleigh
Project: Buncombe County Landfill Expansion

Project No: 6447-42379
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Grain Size Distribution
ASTM D422
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Coarse Fine Coarse Med Fine Clay
0.0 2.9 7.5 23.5 25.0 7.7

Sieve Opening % Finer Soil Classification
Size [mm] by Mass USCS: SM

3 inch 76.2 100.0 Description: Silty sand
3/4 inch 19.05 100.0 Soil classification and description based on

#4 4.75 97.1 Visual-Manual Procedure (ASTM D2488)
#10 2.00 89.6 Plasticity Indices
#20 0.85 76.6 LL: - LL Oven Dry: -
#40 0.425 66.1 PI: -

#100 0.15 49.0
#200 0.075 41.0 Coefficients

- 0.002 7.7 C c : 0.59 D 10 : 0.004 mm
C u : 80.10 D 30 : 0.025 mm

D 60 : 0.293 mm

Exploration No: - Testing Comments
Sample No: B-709 -
Depth (ft): 3.5-5
Sample Date: - As Rec'd Moisture: 18.9%
Lab ID: 6146

Client: CDM-Raleigh
Project: Buncombe County Landfill Expansion

Project No: 6447-42379
Grain Size Distribution

ASTM D422
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Coarse Fine Coarse Med Fine Clay
0.0 0.0 0.7 23.8 32.0 8.4

Sieve Opening % Finer Soil Classification
Size [mm] by Mass USCS: SM

3 inch 76.2 100.0 Description: Silty sand
3/4 inch 19.05 100.0 Soil classification and description based on

#4 4.75 100.0 Visual-Manual Procedure (ASTM D2488)
#10 2.00 99.3 Plasticity Indices
#20 0.85 93.7 LL: - LL Oven Dry: -
#40 0.425 75.5 PI: -

#100 0.15 52.4
#200 0.075 43.6 Coefficients

- 0.002 8.4 C c : 0.94 D 10 : 0.003 mm
C u : 62.38 D 30 : 0.026 mm

D 60 : 0.211 mm

Exploration No: - Testing Comments
Sample No: B-708 -
Depth (ft): 8.5-10
Sample Date: - As Rec'd Moisture: 19.9%
Lab ID: 6147

Client: CDM-Raleigh
Project: Buncombe County Landfill Expansion

Project No: 6447-42379
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Grain Size Distribution
ASTM D422
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Coarse Fine Coarse Med Fine Clay
0.0 0.4 1.4 15.7 24.3 25.8

Sieve Opening % Finer Soil Classification
Size [mm] by Mass USCS: ML

3 inch 76.2 100.0 Description: Sandy silt
3/4 inch 19.05 100.0 Soil classification and description based on

#4 4.75 99.6 Visual-Manual Procedure (ASTM D2488)
#10 2.00 98.2 Plasticity Indices
#20 0.85 92.5 LL: - LL Oven Dry: -
#40 0.425 82.4 PI: -

#100 0.15 65.0
#200 0.075 58.1 Coefficients

- 0.002 25.8 C c : - D 10 : -
C u : - D 30 : 0.004 mm

D 60 : 0.090 mm

Exploration No: - Testing Comments
Sample No: B-710 -
Depth (ft): 8.5-10
Sample Date: - As Rec'd Moisture: 25.3%
Lab ID: 6148

Client: CDM-Raleigh
Project: Buncombe County Landfill Expansion

Project No: 6447-42379
Grain Size Distribution

ASTM D422
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Coarse Fine Coarse Med Fine Clay
0.0 6.3 11.4 21.6 35.6 2.8

Sieve Opening % Finer Soil Classification
Size [mm] by Mass USCS: SM

3 inch 76.2 100.0 Description: Silty sand
3/4 inch 19.05 100.0 Soil classification and description based on

#4 4.75 93.7 Visual-Manual Procedure (ASTM D2488)
#10 2.00 82.3 Plasticity Indices
#20 0.85 68.8 LL: - LL Oven Dry: -
#40 0.425 60.7 PI: -

#100 0.15 37.9
#200 0.075 25.1 Coefficients

- 0.002 2.8 C c : 1.13 D 10 : 0.021 mm
C u : 20.06 D 30 : 0.098 mm

D 60 : 0.412 mm

Exploration No: - Testing Comments
Sample No: B-713 -
Depth (ft): 13.5-15
Sample Date: - As Rec'd Moisture: 11.0%
Lab ID: 6150

Client: CDM-Raleigh
Project: Buncombe County Landfill Expansion

Project No: 6447-42379
Grain Size Distribution

ASTM D422
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Coarse Fine Coarse Med Fine Clay
0.0 34.8 20.1 18.8 13.6 2.3

Sieve Opening % Finer Soil Classification
Size [mm] by Mass USCS: SM

3 inch 76.2 100.0 Description: Silty sand with gravel
3/4 inch 19.05 100.0 Soil classification and description based on

#4 4.75 65.2 Visual-Manual Procedure (ASTM D2488)
#10 2.00 45.1 Plasticity Indices
#20 0.85 33.0 LL: - LL Oven Dry: -
#40 0.425 26.3 PI: -

#100 0.15 17.2
#200 0.075 12.8 Coefficients

- 0.002 2.3 C c : 2.16 D 10 : 0.047 mm
C u : 80.02 D 30 : 0.623 mm

D 60 : 3.796 mm

Exploration No: - Testing Comments
Sample No: B-605 -
Depth (ft): 8.5-10
Sample Date: - As Rec'd Moisture: 5.2%
Lab ID: 6152

Client: CDM-Raleigh
Project: Buncombe County Landfill Expansion

Project No: 6447-42379
Grain Size Distribution

ASTM D422
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Coarse Fine Coarse Med Fine Clay
0.0 6.5 11.5 27.5 21.9 7.8

Sieve Opening % Finer Soil Classification
Size [mm] by Mass USCS: SM

3 inch 76.2 100.0 Description: Silty sand
3/4 inch 19.05 100.0 Soil classification and description based on

#4 4.75 93.5 Visual-Manual Procedure (ASTM D2488)
#10 2.00 82.0 Plasticity Indices
#20 0.85 65.4 LL: - LL Oven Dry: -
#40 0.425 54.5 PI: -

#100 0.15 40.5
#200 0.075 32.6 Coefficients

- 0.002 7.8 C c : 1.03 D 10 : 0.005 mm
C u : 119.25 D 30 : 0.056 mm

D 60 : 0.604 mm

Exploration No: - Testing Comments
Sample No: B-608 -
Depth (ft): 13.5-15
Sample Date: - As Rec'd Moisture: 6.5%
Lab ID: 6154

Client: CDM-Raleigh
Project: Buncombe County Landfill Expansion

Project No: 6447-42379
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Grain Size Distribution
ASTM D422
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Attachment C 
 

SLOPE/W Analysis Results 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



2.10Slope Stability Analysis
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1.95Slope Stability Analysis

North-South Cross Section
Block Failure without Phreatic Surface 
Static Conditions

Buncombe County
Cell 6 Phase III 
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1.69
Slope Stability Results

North-South Cross Section
Circular Failure with Phreatic Surface
Static Conditions
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1.85
Slope Stability Results
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Block Failure with Phreatic Surface
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1.61Slope Stability Analysis
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1.66Slope Stability Analysis
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1.55Slope Stability Analysis
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1.63Slope Stability Analysis
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Attachment D 
 

Seismic Loading Stability Analysis Results 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 





Section Failure Mode ky kmax ky/kmax U6.5 (cm) U6.5 (in)

Circular 0.150 0.66 4.5 1.8

Block 0.172 0.76 2.1 0.8

Circular 0.153 0.68 3.9 1.5

Block 0.155 0.69 3.2 1.3

Abbreviations: 

ky yield acceleration

kmax peak ground acceleration

U6.5 displacement based on an earthquake magnitude of 6.5

Summary of Estimated Displacements for Sections with Phreatic 
Surface

North-South

East-West

0.226





1.00
Slope Stability Results

k= 0.150

North-South Cross Section
Circular Failure with Phreatic Surface
Pseudostatic Conditions
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1.00
Slope Stability Results
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1.00Slope Stability Analysis k= 0.153

East-West Cross Section
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1.00Slope Stability Analysis k= 0.155
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Attachment E 
 

Veneer Stability Analysis Results 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

 
 
 
 
 
 
 
 
 



Veneer Slope Stability Analysis

North-South Cross Section (4H:1V)
Parallel Seepage Over a Finite Slope

Input Parameter Value Unit
h 2 ft
H 128 ft
hw 0 ft
 total 120 lb/ft3

 dry 110 lb/ft3

 soil 30 Degrees
 soil 0.52 Radians
 20.5 Degrees
 0.36 Radians
Slope (H:V) 4 1
 14.04 Degrees
 0.24 Radians

Ouput Terms Value Unit
WA 115,172 lbs/ft

UN 0.00
lbs/ft

UH 0.00
lbs/ft

NA 111,733
lbs/ft

WP 935.00 lbs/ft

UV 0.00
lbs/ft

a 27,099

b -44,979

c 5,850

FS 1.52

Reference:  Koerner, Robert M. and Daniel, David E. (1997) Final Covers for Solid Waste

Landfills and Abandoned Dumps, American Society of Civil Engineers, pp.190-193.

Total Weight of Passive Wedge

Resultant of Pore Pressures Acting on Passive 
Wedge Base

Quadratic Terms

Resultant of Pore Pressures Acting 
Perpendicular to Slope including Gas Pressure

Resultant of Pore Pressures Acting Between 
Wedges

Effective Force Normal to Failure Plane of 
Active Wedge

Definition
Total Weight of Active Wedge

Friction Angle of Soil (Drained) or (Undrained)

Interfacial Friction Angle

Slope Ratio
Slope Angle

Definition
Thickness of Cover Layer

Height of Slope
Depth of Water

Total Unit Weight
Dry Unit Weight



Veneer Slope Stability Analysis

East-West Cross Section (3H:1V)
Parallel Seepage Over a Finite Slope

Input Parameter Value Unit
h 2 ft
H 99 ft
hw 0 ft
 total 120 lb/ft3

 dry 110 lb/ft3

 soil 30 Degrees
 soil 0.52 Radians
 26.5 Degrees
 0.46 Radians
Slope (H:V) 3 1
 18.44 Degrees
 0.32 Radians

Ouput Terms Value Unit
WA 68,141 lbs/ft

UN 0.00
lbs/ft

UH 0.00
lbs/ft

NA 64,644
lbs/ft

WP 733.33 lbs/ft

UV 0.00
lbs/ft

a 20,442

b -34,934

c 5,884

FS 1.52

Reference:  Koerner, Robert M. and Daniel, David E. (1997) Final Covers for Solid Waste

Landfills and Abandoned Dumps, American Society of Civil Engineers, pp.190-193.

Definition
Thickness of Cover Layer

Height of Slope
Depth of Water

Total Unit Weight
Dry Unit Weight

Friction Angle of Soil (Drained) or (Undrained)

Interfacial Friction Angle

Slope Ratio
Slope Angle

Definition
Total Weight of Active Wedge

Total Weight of Passive Wedge

Resultant of Pore Pressures Acting on Passive 
Wedge Base

Quadratic Terms

Resultant of Pore Pressures Acting 
Perpendicular to Slope including Gas Pressure

Resultant of Pore Pressures Acting Between 
Wedges

Effective Force Normal to Failure Plane of 
Active Wedge



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Attachment F 

 
Geocomposite Drainage Net Calculation 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Client: Buncombe County Computed By: ISA
Project: Cell 6 Phase II Date: 1/7/2011
Poject No.: 6447-79905 Checked By: RGA

Date: 2/4/2011

Task: Check geocomposite Drainage Net for Cap Side Slopes

Given:

- Protective cover soils with hydraulic conductivities of k ≤ 1X 10-4 cm/ sec

- 24-inches protective soil layer

- Tri-axial geocomposite drainage net

Calculation:

I x Lp

i

H

L

where:

required = required transmissivity of the geocomposite drainage net

I = k required soil = 1.0E-04 cm/sec = 1.0E-06 m/sec

i di t i  (4H 1V l ) 0 24

required =

i =

i = gradient = sin (4H:1V slope) = 0.24

Lp = horizontal slope length

Lp= 156 m

Note: Not to scale

Lp = 512 ft = 156 m

128 ft = 39 m

2' protective soil layer

geocomposite drainage net
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Client: Buncombe County Computed By: ISA
Project: Cell 6 Phase II Date: 1/7/2011
Poject No.: 6447-79905 Checked By: RGA

Date: 2/4/2011

I x Lp

i

0.24

= 6.4E-04 m2/s

*

where:

allowable = allowable transmissivity of the geocomposite drainage net.

FS           = Overall Factor of Safety for Drainage = 2.0

allowable = 1.29E-03 m2/s

*

allowable =

required =

1.0 x 10-6 m/s x 156 m

required x FS

=

*

where:

allowable = ultimate transmissivity of the geocomposite drainage net.

RFCR      = Reduction factor of creep                         = 1.2 Range: 1.2 to 1.4

RFCC      = Reduction factor of chemical clogging  = 1.2 Range: 1.0 to 1.2

RFBC      = Reduction factor of biological clogging = 1.5 Range: 1.2 to 1.5

RFIN      = Reduction factor of geotextile intrusion = 1.3 Range: 1.3 to 1.5

ultimate = 3.6E-03 m2/s

ultimate = allowable x RFCR X RFCC X RFBC X RFIN
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CLIENT: Buncombe County JOB NO: 6447-79256 COMP BY: I. S. A.
PROJECT: Cell 6 Permit Renewal DATE CHK: 2/4/2011 DATE: 1/10/2011
DETAIL: Settlement at Point A CHECK BY: RGA PAGE NO: 1 of 6
FILE NAME: Assume 136-foot-thick MSW Waste in the Center and 2-foot-thick Cap Material

Assume compressible profile includes 25 feet residual soil.

Purpose: To estimate the amount of settlement at the site under MSW Waste and Cap Material.

Problem:

Reference:

2. Boussinesq Stress Influence Diagrams.

Soil Information: CDM Borings underneath the Cell 6 footprint

Assumptions: - Vertical stress increases are based on Boussinesq stress distribution.
- All split spoon sampling was carried out according to ASTM D1556.
- Loading occurs instantaneously.
- Soils below the foundation are cohesionless.

Model foundation settlement due to increase in load on foundation soils

1. Schmertmann, John "Static Cone To Compare Static Settlement Over Sands", Journal of the 
Soil Mechanics and Foundations Division, ASCE, May 1970.

3. USACE, "Engineering Design - Settlement Analysis", EM 1110-1-1904, September 30, 1990.

CDM
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CLIENT: Buncombe County JOB NO: 6447-79256 COMP BY: I. S. A.
PROJECT: Cell 6 Permit Renewal DATE CHK: 2/4/2011 DATE: 1/10/11
DETAIL: Settlement at Point A CHECK BY: RGA PAGE NO: 2 of 6
FILE NAME: Assume 136-foot-thick MSW Waste in the Center and 2-foot-thick Cap Material

Assume compressible profile includes 25 feet residual soil.

25 0
25 5
16 7
16 12
6 15
34 21

>50 25
>50 30
>50 33

Note:
1. Design SPT N-values and layer thicknesses are based on the borings provided in 2004 Report.

PWR

Top 10 feet of the profile are assumed to be silt based on the 
borings provided in the 2004 Geotechnical Report.

N SPT Value

Anticipated Conditions in 

the Center (1)

Depth (ft)

Residual



CLIENT: Buncombe County JOB NO: 6447-79256 COMP BY: I. S. A.
PROJECT: Cell 6 Permit Renewal DATE CHK: 2/4/2011 DATE: 1/10/2011
DETAIL: Settlement at Point A CHECK BY: RGA PAGE NO: 3 of 6
FILE NAME: Assume 136-foot-thick MSW Waste in the Center and 2-foot-thick Cap Material

Assume compressible profile includes 25 feet residual soil.

Soil Type: Sand
Depth of Water Table (d) ft. 0
Depth of Foundation (D) ft. 0
Length of Foundation (L) ft. 635
Width of Foundation (B) ft. 635

L/B 1.00
Z/B 2.00

Compressible Layer Thickness (H) ft. 25 (From Model Profile)

Existing overburden pressure (tsf) 0.00 (At Foundation Level)
Additional Loading (tsf) 6.24 (Based on Additional Load @ Foundation Level)

Foundation Load 12,480 psf

CDM
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CLIENT: Buncombe County JOB NO: 6447-79256 COMP BY: I. S. A.
PROJECT: Cell 6 Permit Renewal DATE CHK: 2/4/2011 DATE: 1/10/2011
DETAIL: Settlement at Point A CHECK BY: RGA PAGE NO: 4 of 6
FILE NAME: Assume 136-foot-thick MSW Waste in the Center and 2-foot-thick Cap Material

Assume compressible profile includes 25 feet residual soil.

Boussinesq- Vertical Stress Below the center of a Uniformly Loaded Square Area

B= 635 ft

Simplified Method

1 2.50 1.000
2 6.00 1.000
3 9.50 1.000
4 13.50 1.000
5 18.00 1.000
6 23.00 1.000

Strain 
Influence

Depth (ft.)Increments

]76.1)^
2)^2/(1

1
(1[

zB
Iz
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CLIENT: Buncombe County JOB NO: 6447-79256 COMP BY: I. S. A.
PROJECT: Cell 6 Permit Renewal DATE CHK: 2/4/2011 DATE: 1/10/2011
DETAIL: Settlement at Point A CHECK BY: RGA PAGE NO: 5 of 6
FILE NAME: Assume 136-foot-thick MSW Waste in the Center and 2-foot-thick Cap Material

Assume compressible profile includes 25 feet residual soil.

Soil q c /N

Silt 2

Silty Sand 2.75

Sand 3.5 Clean to slightly silty sands.
Where: qc = Average Dutch Cone Resistance

N = SPT N value

Strain Es/qc

Axisymmetric 2.5

Plane 3.5

Soil Type:
Descrpition

L/B = 1

L/B > 10

Descrpition
Strain Condition:

Combination of silts, sandy silts, 
slightly cohesive sand-silts.

Silty sands

CDM
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CLIENT: Buncombe County JOB NO: 6447-79256 COMP BY: I. S. A.
PROJECT: Cell 6 Permit Renewal DATE CHK: 2/4/2011 DATE: 1/10/2011
DETAIL: Settlement at Point A CHECK BY: RGA PAGE NO: 6 of 6
FILE NAME: Assume 136-foot-thick MSW Waste in the Center and 2-foot-thick Cap Material

Assume compressible profile includes 25 feet residual soil.

1 5 25 50.0 125.0 2.50 1.000 0.0400
2 2 25 50.0 125.0 6.00 1.000 0.0160
3 5 16 56.0 140.0 9.50 1.000 0.0357
4 3 16 56.0 140.0 13.50 1.000 0.0214
5 6 6 21.0 52.5 18.00 1.000 0.1143
6 4 34 119.0 297.5 23.00 1.000 0.0134

Total Settlement/tsf 0.2409 ft/tsf

Notes:
1 Refer to Boring Information for average N values (not corrected).
2 Refer to reference page for values.
3

4 Strain influence is based on Boussinesq distribution.
5 Represents the settlement attributed to each layer assuming C1 equal to 1.

Settlement

t = 0 year e = 18.0 Inches

Layer

Schmertmann SPT-correlations modified by Ladd, Es = average equivalent modulus over depth z for 
foundation type.

Iz (4)Delta Z
Avg. SPT 

(1)
Depth to 

Mid Layer
Corrected 
qc (tsf) (2) Es (tsf) (3) (Iz/Es)*Delta Z) 

(5)

CDM 
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CLIENT: Buncombe County JOB NO: 6447-79256 COMP BY: I. S. A.
PROJECT: Cell 6 Permit Renewal DATE CHK: 2/4/2011 DATE: 1/10/2011
DETAIL: Settlement at Point B CHECK BY: RGA PAGE NO: 1 of 6
FILE NAME: Assume 124-foot-thick MSW Waste and 2-foot-thick Cap Material

Assume compressible profile includes 43 feet residual soil.

Purpose: To estimate the amount of settlement at the site under MSW Waste and Cap Material.

Problem:

Reference:

2. Boussinesq Stress Influence Diagrams.

Soil Information: CDM Borings underneath the Cell 6 footprint

Assumptions: - Vertical stress increases are based on Boussinesq stress distribution.
- All split spoon sampling was carried out according to ASTM D1556.
- Loading occurs instantaneously.
- Soils below the foundation are cohesionless.

Model foundation settlement due to increase in load on foundation soils

1. Schmertmann, John "Static Cone To Compare Static Settlement Over Sands", Journal of the 
Soil Mechanics and Foundations Division, ASCE, May 1970.

3. USACE, "Engineering Design - Settlement Analysis", EM 1110-1-1904, September 30, 1990.

CDM
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CLIENT: Buncombe County JOB NO: 6447-79256 COMP BY: I. S. A.
PROJECT: Cell 6 Permit Renewal DATE CHK: 2/4/2011 DATE: 1/10/11
DETAIL: Settlement at Point B CHECK BY: RGA PAGE NO: 2 of 6
FILE NAME: Assume 124-foot-thick MSW Waste and 2-foot-thick Cap Material

Assume compressible profile includes 43 feet residual soil.

25 0
25 5
25 10
25 15
25 20
25 25
15 30
15 34
5 39
82 43
34 49

100 54
62 59

Note:
1. Design SPT N-values and layer thicknesses are based on the borings provided in 2004 Report.

Top 10 feet of the profile are assumed to be silt based on the 
borings provided in the 2004 Geotechnical Report.

N SPT Value

Anticipated Worst Case 

Scenario (1)

Depth (ft)

PWR

Residual



CLIENT: Buncombe County JOB NO: 6447-79256 COMP BY: I. S. A.
PROJECT: Cell 6 Permit Renewal DATE CHK: 2/4/2011 DATE: 1/10/2011
DETAIL: Settlement at Point B CHECK BY: RGA PAGE NO: 3 of 6
FILE NAME: Assume 124-foot-thick MSW Waste and 2-foot-thick Cap Material

Assume compressible profile includes 43 feet residual soil.

Soil Type: Sand
Depth of Water Table (d) ft. 0
Depth of Foundation (D) ft. 0
Length of Foundation (L) ft. 500
Width of Foundation (B) ft. 500

L/B 1.00
Z/B 2.00

Compressible Layer Thickness (H) ft. 43 (From Model Profile)

Existing overburden pressure (tsf) 0.00 (At Foundation Level)
Additional Loading (tsf) 5.70 (Based on Additional Load @ Foundation Level)

Foundation Load 11,400 psf

CDM
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CLIENT: Buncombe County JOB NO: 6447-79256 COMP BY: I. S. A.
PROJECT: Cell 6 Permit Renewal DATE CHK: 2/4/2011 DATE: 1/10/2011
DETAIL: Settlement at Point B CHECK BY: RGA PAGE NO: 4 of 6
FILE NAME: Assume 124-foot-thick MSW Waste and 2-foot-thick Cap Material

Assume compressible profile includes 43 feet residual soil.

Boussinesq- Vertical Stress Below the center of a Uniformly Loaded Square Area

B= 500 ft

Simplified Method

1 2.50 1.000
2 7.50 1.000
3 12.50 1.000
4 17.50 1.000
5 22.50 1.000
6 27.50 1.000
7 32.00 0.999
8 36.50 0.999
9 41.00 0.998

Strain 
Influence

Depth (ft.)Increments

]76.1)^
2)^2/(1

1
(1[

zB
Iz
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CLIENT: Buncombe County JOB NO: 6447-79256 COMP BY: I. S. A.
PROJECT: Cell 6 Permit Renewal DATE CHK: 2/4/2011 DATE: 1/10/2011
DETAIL: Settlement at Point B CHECK BY: RGA PAGE NO: 5 of 6
FILE NAME: Assume 124-foot-thick MSW Waste and 2-foot-thick Cap Material

Assume compressible profile includes 43 feet residual soil.

Soil q c /N

Silt 2

Silty Sand 2.75

Sand 3.5 Clean to slightly silty sands.
Where: qc = Average Dutch Cone Resistance

N = SPT N value

Strain Es/qc

Axisymmetric 2.5

Plane 3.5

Soil Type:
Descrpition

L/B = 1

L/B > 10

Descrpition
Strain Condition:

Combination of silts, sandy silts, 
slightly cohesive sand-silts.

Silty sands

CDM
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CLIENT: Buncombe County JOB NO: 6447-79256 COMP BY: I. S. A.
PROJECT: Cell 6 Permit Renewal DATE CHK: 2/4/2011 DATE: 1/10/2011
DETAIL: Settlement at Point B CHECK BY: RGA PAGE NO: 6 of 6
FILE NAME: Assume 124-foot-thick MSW Waste and 2-foot-thick Cap Material

Assume compressible profile includes 43 feet residual soil.

1 5 25 50.0 125.0 2.50 1.000 0.0400
2 5 25 50.0 125.0 7.50 1.000 0.0400
3 5 25 87.5 218.8 12.50 1.000 0.0229
4 5 25 87.5 218.8 17.50 1.000 0.0229
5 5 25 87.5 218.8 22.50 1.000 0.0229
6 5 25 87.5 218.8 27.50 1.000 0.0228
7 4 15 52.5 131.3 32.00 0.999 0.0305
8 5 15 52.5 131.3 36.50 0.999 0.0381
9 4 5 17.5 43.8 41.00 0.998 0.0913

Total Settlement/tsf 0.3312 ft/tsf

Notes:
1 Refer to Boring Information for average N values (not corrected).
2 Refer to reference page for values.
3

4 Strain influence is based on Boussinesq distribution.
5 Represents the settlement attributed to each layer assuming C1 equal to 1.

Settlement

t = 0 year e = 22.7 Inches

Layer

Schmertmann SPT-correlations modified by Ladd, Es = average equivalent modulus over depth z for 
foundation type.

Iz (4)Delta Z
Avg. SPT 

(1)
Depth to 

Mid Layer
Corrected 
qc (tsf) (2) Es (tsf) (3) (Iz/Es)*Delta Z) 

(5)

CDM 
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CLIENT: Buncombe County JOB NO: 6447-79256 COMP BY: I. S. A.
PROJECT: Cell 6 Permit Renewal DATE CHK: 2/4/2011 DATE: 1/10/2011
DETAIL: Settlement at Point C CHECK BY: RGA PAGE NO: 1 of 6
FILE NAME: Assume 63-foot-thick MSW Waste and 2-foot-thick Cap Material

Assume compressible profile includes 42 feet residual soil.

Purpose: To estimate the amount of settlement at the site under MSW Waste and Cap Material.

Problem:

Reference:

2. Boussinesq Stress Influence Diagrams.

Soil Information: CDM Borings underneath the Cell 6 footprint

Assumptions: - Vertical stress increases are based on Boussinesq stress distribution.
- All split spoon sampling was carried out according to ASTM D1556.
- Loading occurs instantaneously.
- Soils below the foundation are cohesionless.

Model foundation settlement due to increase in load on foundation soils

1. Schmertmann, John "Static Cone To Compare Static Settlement Over Sands", Journal of the 
Soil Mechanics and Foundations Division, ASCE, May 1970.

3. USACE, "Engineering Design - Settlement Analysis", EM 1110-1-1904, September 30, 1990.

CDM
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CLIENT: Buncombe County JOB NO: 6447-79256 COMP BY: I. S. A.
PROJECT: Cell 6 Permit Renewal DATE CHK: 2/4/2011 DATE: 1/10/11
DETAIL: Settlement at Point C CHECK BY: RGA PAGE NO: 2 of 6
FILE NAME: Assume 63-foot-thick MSW Waste and 2-foot-thick Cap Material

Assume compressible profile includes 42 feet residual soil.

25 0
25 5
25 10
25 15
25 20
25 25
16 27
11 35

>50 42
>50 47
>50 50

Note:
1. Design SPT N-values and layer thicknesses are based on the borings provided in 2004 Report.

PWR

Top 10 feet of the profile are assumed to be silt based on the 
borings provided in the 2004 Geotechnical Report.

N SPT Value

Anticipated Worst Case 

Scenario (1)

Depth (ft)

Residual



CLIENT: Buncombe County JOB NO: 6447-79256 COMP BY: I. S. A.
PROJECT: Cell 6 Permit Renewal DATE CHK: 2/4/2011 DATE: 1/10/2011
DETAIL: Settlement at Point C CHECK BY: RGA PAGE NO: 3 of 6
FILE NAME: Assume 63-foot-thick MSW Waste and 2-foot-thick Cap Material

Assume compressible profile includes 42 feet residual soil.

Soil Type: Sand
Depth of Water Table (d) ft. 0
Depth of Foundation (D) ft. 0
Length of Foundation (L) ft. 250
Width of Foundation (B) ft. 250

L/B 1.00
Z/B 2.00

Compressible Layer Thickness (H) ft. 42 (From Model Profile)

Existing overburden pressure (tsf) 0.00 (At Foundation Level)
Additional Loading (tsf) 2.96 (Based on Additional Load @ Foundation Level)

Foundation Load 5,910 psf

CDM
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CLIENT: Buncombe County JOB NO: 6447-79256 COMP BY: I. S. A.
PROJECT: Cell 6 Permit Renewal DATE CHK: 2/4/2011 DATE: 1/10/2011
DETAIL: Settlement at Point C CHECK BY: RGA PAGE NO: 4 of 6
FILE NAME: Assume 63-foot-thick MSW Waste and 2-foot-thick Cap Material

Assume compressible profile includes 42 feet residual soil.

Boussinesq- Vertical Stress Below the center of a Uniformly Loaded Square Area

B= 250 ft

Simplified Method

1 2.50 1.000
2 7.50 1.000
3 12.50 1.000
4 17.50 0.999
5 22.50 0.998
6 26.00 0.996
7 31.00 0.993
8 38.50 0.986

Strain 
Influence

Depth (ft.)Increments

]76.1)^
2)^2/(1

1
(1[

zB
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CLIENT: Buncombe County JOB NO: 6447-79256 COMP BY: I. S. A.
PROJECT: Cell 6 Permit Renewal DATE CHK: 2/4/2011 DATE: 1/10/2011
DETAIL: Settlement at Point C CHECK BY: RGA PAGE NO: 5 of 6
FILE NAME: Assume 63-foot-thick MSW Waste and 2-foot-thick Cap Material

Assume compressible profile includes 42 feet residual soil.

Soil q c /N

Silt 2

Silty Sand 2.75

Sand 3.5 Clean to slightly silty sands.
Where: qc = Average Dutch Cone Resistance

N = SPT N value

Strain Es/qc

Axisymmetric 2.5

Plane 3.5

Soil Type:
Descrpition

L/B = 1

L/B > 10

Descrpition
Strain Condition:

Combination of silts, sandy silts, 
slightly cohesive sand-silts.

Silty sands

CDM
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CLIENT: Buncombe County JOB NO: 6447-79256 COMP BY: I. S. A.
PROJECT: Cell 6 Permit Renewal DATE CHK: 2/4/2011 DATE: 1/10/2011
DETAIL: Settlement at Point C CHECK BY: RGA PAGE NO: 6 of 6
FILE NAME: Assume 63-foot-thick MSW Waste and 2-foot-thick Cap Material

Assume compressible profile includes 42 feet residual soil.

1 5 25 50.0 125.0 2.50 1.000 0.0400
2 5 25 50.0 125.0 7.50 1.000 0.0400
3 5 25 87.5 218.8 12.50 1.000 0.0229
4 5 25 87.5 218.8 17.50 0.999 0.0228
5 5 25 87.5 218.8 22.50 0.998 0.0228
6 2 25 87.5 218.8 26.00 0.996 0.0091
7 8 16 56.0 140.0 31.00 0.993 0.0568
8 7 11 38.5 96.3 38.50 0.986 0.0717

Total Settlement/tsf 0.2861 ft/tsf

Notes:
1 Refer to Boring Information for average N values (not corrected).
2 Refer to reference page for values.
3

4 Strain influence is based on Boussinesq distribution.
5 Represents the settlement attributed to each layer assuming C1 equal to 1.

Settlement

t = 0 year e = 10.1 Inches

Layer

Schmertmann SPT-correlations modified by Ladd, Es = average equivalent modulus over depth z for 
foundation type.

Iz (4)Delta Z
Avg. SPT 

(1)
Depth to 

Mid Layer
Corrected 
qc (tsf) (2) Es (tsf) (3) (Iz/Es)*Delta Z) 

(5)

CDM 
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Engineering Plan 
Appendix 3C 

Design Hydrogeological Report









































































































































































































































































































































































Engineering Plan 
Appendix 3D 

Engineering Drawings 
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Section 1 – Introduction 
Construction Quality Assurance Plan 
 
The Construction Quality Assurance (CQA) Plan is provided in the Phase III (Cell 6) 
Permit Renewal Application per SWS request.  The renewal includes a vertical 
expansion over existing waste inside base liner limits and does not include any 
construction portion. 

1.1 Purpose 
This Construction Quality Assurance (CQA) Plan is intended to fulfill Rule .1621 that 
requires that a CQA Plan be developed and used as part of the construction for a 
Subtitle D lined landfill as per Rule .1621.  This manual describes the observations and 
tests that will be used before, during, and upon completion of construction to ensure 
that the construction materials and workmanship meet the design specifications and 
the requirements set forth in Rule .1624 of the Solid Waste Rules.         

1.2 Quality Assurance and Quality Control 

In the context of this CQA Manual, quality assurance and quality control are defined 
as follows: 

Quality Assurance:  A program of tests and observations, executed by a party 
independent of the contractor, performed in order to confirm that completed work 
meets contractual and regulatory requirements and will perform satisfactorily in 
service. 

Quality Control:  Those actions performed by the contractor or an agent of the 
contractor which provide a means to monitor the quality of the work being 
performed.  

1.3 Units 

In this CQA Manual, all properties and dimensions are expressed in U.S. units, with 
"equivalent" SI units in parentheses.  It should be noted that the conversion is 
typically only accurate within ten percent.  In cases of conflict or clarification, the U.S. 
units shall be deemed to govern. 

1.4 References 

The CQA Manual includes references to test procedures of the American Society for 
Testing Materials (ASTM), the Federal Test Method Standards (FTMS), and the 
"Standards for Flexible Membrane Liners" of the National Sanitation Foundation 
(NSF).  

1.5 Overview of Manual 

As per .1621(b)(1)(2)(3) & (4) this CQA manual addresses: 
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1. Responsibilities and authorities.  The manual establishes responsibilities and 
authorities for the construction management organization.  This includes a pre-
construction meeting conducted prior to beginning construction of the base liner 
system for a new cell.  The meeting shall include a discussion of the construction 
management organization, respective duties during construction, and periodic 
reporting requirements for test results and construction activities.  This 
information is presented in Sections 2 and 3. 

2. Inspection activities:  A description of all field observations, tests, and equipment 
that will be used to ensure that the construction meets or exceeds all design 
criteria established in accordance with Rules .1620 and .1624 of this Section is 
presented in Sections 4 through 12. 

3. Sampling strategies.  A description of all sampling protocols, sample size, 
methods for determining sample locations and frequency of sampling is presented 
in Sections 4 through 12. 

4. Documentation.  Reporting requirements for CQA activities are described in detail 
in Sections 3 and 13. 
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Section 2 - Definitions, Responsibilities, 
and Qualifications of Parties 
Construction Quality Assurance Plan 

 
The parties discussed in this section are associated with the ownership, design, 
manufacture, transportation, installation, and quality assurance of the liner, leachate 
collection, and closure cap systems.  The definitions, responsibilities, and 
qualifications of these parties are summarized in Table 2-1 and outlined in the 
following subsections. 

2.1 Contractor 
2.1.1 Definition 
The Contractor is the company with which the Owner has entered into agreement to 
construct the project. 

2.1.2 Responsibilities 
The Contractor is ultimately responsible for meeting the requirements of the contract 
documents and the successful completion of the landfill construction.  Some of the 
Contractor's specific responsibilities include: providing qualified personnel to 
perform quality control, providing submittals for the various materials as required by 
the specifications, scheduling and coordinating the work with suppliers and 
subcontractors, providing a representative at all times during construction activity, 
provide surveying services, furnish progress and record drawings, attending progress 
meetings, and notifying the Engineer of design discrepancies.   

2.1.3 Qualifications 
The Contractor shall be experienced in all aspects of the work required to successfully 
construct the project.  The Contractor shall be registered in the state where the project 
is located and shall provide references from previous projects. 

2.2 Contractor's Representative 
2.2.1 Definition 
The Contractor's Representative is a qualified individual assigned by the Contractor 
to represent him/her onsite during construction activities. 

2.2.2 Responsibilities 

The Contractor's Representative is responsible for: communication with the Engineer 
and Owner, coordinating and supervising his crew, subcontractors, and quality 
control personnel, ensuring that construction activities are conducted in accordance 
with the plans and specifications, immediately notifying the Engineer's Field 
Representative (EFR) of any discrepancies between the plans and specifications and 
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Table 2-1 
Project Personnel Responsibilities 

 

PARTY DEFINITION RESPONSIBILITIES QUALIFICATIONS REPORT TO 

Contractor Company contracted by Owner to 
construct project in accordance with plans 
and specifications 

Page 2-1 Licensed in North 
Carolina similar project 
experience 

Owner, Engineer, 
and EFR 

Contractor's 
Representative (CR) 

Person assigned by the Contractor to act as 
the Contractor Representative onsite 

Pages 2-1 and 2-4 Similar project 
experience 

Contractor and 
EFR 

Engineer Company Contracted by Owner for design 
of the project and to provide services 
during construction 

Page 2-4 Registered professional 
engineer in North 
Carolina 

Owner 

Engineer's Field 
Representative (EFR) 

Person assigned by the Engineer to 
perform QA inspection and document 
construction activities  

Pages 2-4 to 2-6 Similar project 
experience 

Engineer and 
Ower 

Installation Supervisor 
(IS) 

Person assigned by an Installer to provide 
supervision and guidance to the 
installation crews 

Page 2-7 For Synthetic liner: 
Managed installation of 
2,000,000 ft2 of Liner 
 
For Pipe installation: 
Must have complete 
manufacturer's training 
for fusing pipe. 
 
For Clay installation: 
Must have installed at 
least 2 other clay liners. 
 
For Drainage Net: 

CR, and EFR 
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PARTY DEFINITION RESPONSIBILITIES QUALIFICATIONS REPORT TO 
Must have installed at 
least one net system. 

Installer Company Contracted to install one of the 
liner or Leachate collection system 
products 

Pages 2-7 to 2-9 For Synthetic liner: 
Completed five similar 
facilities totaling 
2,000,000 ft2 or more and 
certified by the 
Manufacturer 
 
For Pipe installation: 
Must have complete 
manufacturer's training 
for fusing pipe. 
 
For Clay installation: 
Must have installed at 
least 2 other clay liners. 
 
For Drainage Net: 
Must have installed at 
least one net system. 

CR and EFR 

Manufacturer A producer of one or more Liner or LCS 
products 

Pages 2-9 to 2-11 Identified on Pages 13, 
14 and 15 

CR and EFR 

Quality Assurance 
Laboratory (QAL) 

Lab assigned by OWNER to conduct 
materials  testing 

Page 2-11 Experience in testing in 
accordance with ASTM, 
FTMS and NSF 

EFR and Owner 
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the field conditions, attending all meetings held on the project, and keeping a daily 
log of all construction activities onsite. 

2.2.3 Qualifications 
The Contractor's Representative (CR) shall be an individual who demonstrates the 
capability to direct all tasks required for landfill construction.  The Contractor's 
Representative shall demonstrate experience similar to the nature of the project and 
be knowledgeable of all aspects of the work.  

2.3 Engineer 
2.3.1 Definition 
The Engineer is the party responsible for the preparation of the contract documents, 
including plans and specifications, and for providing administrative and quality 
assurance services during construction. 

2.3.2 Responsibilities 
The Engineer is responsible for performing the engineering design and preparing the 
associated drawings and specifications.  The Engineer is responsible for approving all 
design and specification changes, clarifying the design, reviewing and approving 
shop drawings, and other tasks as required during construction.  The Engineer  
conducts the pre-construction meeting and progress meetings outlined in this manual.  
The Engineer will certify that the construction was completed in accordance with this 
CQA manual, the conditions of the permit to construct, the requirements of Rule .1621 
and .1624, and with acceptable engineering practices. 

2.3.3 Qualifications 
The Engineer shall be a professional engineer registered by the State of North 
Carolina.  The Engineer shall be familiar with geosynthetics (including detailed 
geosynthetic design methods and procedures), and all applicable regulatory 
requirements. 

2.4 Engineer's Field Representative 
2.4.1 Definition 
The Engineer's Field Representative is a qualified individual assigned by the Engineer 
to observe and document activities requiring quality assurance. 

2.4.2 Responsibilities 
The Engineer's Field Representative is responsible for observing and documenting 
activities related to the quality assurance of the production, handling, storage, and 
installation of the liner and leachate collection systems.  The Engineer's Field 
Representative is responsible for implementation of this CQA Manual and 
coordination of the Quality Assurance Laboratory (QAL).  



Section 2 
Definitions, Responsibilities, and Qualifications of Parties 

 

A  2-5 

December 2004 

 

 

 
The specific duties of the Engineer's Field Representative personnel are as follows: 

a. Review all design drawings and specifications. 

b. Review other site-specific documentation, including proposed layouts, and 
Manufacturer's and Installer's literature. 

c. Develop a site-specific addendum for quality assurance of geosynthetics, if 
necessary. 

d. Administer the geosynthetic portions of the CQA Manual, e.g., assigns and 
manages all geosynthetic quality assurance personnel, reviews all field reports, 
and provides engineering review of all quality assurance related issues. 

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

f. Act as the onsite (resident) representative of the owner. 

g. Attend all quality assurance related meetings, e.g., resolution, pre-construction, 
daily, weekly. 

h. Review all Manufacturer and Installer certifications and documentation and 
makes appropriate recommendations. 

i. Review the Installer's personnel qualifications for conformance with those 
qualifications pre-approved for work onsite. 

j. Review the calibration certification of the onsite tensiometer, if applicable. 

k. Review all daily reports, logs, and photographs. 

l. Note any onsite activities that could result in damage to the liner system. 

m. Report to the Engineer, and logs in the daily report, and any relevant 
observations. 

n. Prepare his own daily report. 

o. Prepare a daily summary of the quantities of geosynthetics installed that day. 

p. Prepare the daily reports of the liner system quality assurance activities. 

q. Oversee the marking, packaging, and shipping of all laboratory test samples. 

r. Review the results of laboratory testing. 

s. Report any unapproved deviations from the CQA Manual. 

t. Prepare the final certification report. 
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u. Monitor, logs, photographs, and/or documents all geosynthetic installation 
operations and installation of leachate collection system. Photographs shall be 
taken routinely of critical areas during installation sequence. 

v. Monitor the following operations for all lining and leachate collection system 
materials: 

(1) Material delivery 

(2) Unloading and onsite transport and storage 

(3) Sampling for conformance testing 

(4) Deployment operations 

(5) Joining and/or seaming operations 

(6) Condition of panels as placed  

(7) Visual inspection by walkover 

(8) Repair operations 

w. Monitor and document the geomembrane seaming and leachate pipe fusing 
operations, including: 

(1) Pre-weld seams 

(2) Seam preparation 

(3) Seaming and/or fusing 

(4) Nondestructive seam testing 

(5) Sampling for destructive seam testing 

(6) Destructive seam testing  

(7) Appropriate log for seaming and patching destructive testing 

(8) Field tensiometer testing 

(9) Laboratory sample marking 

(10) Repair operations 

x. Document any onsite activities that could result in damage to the lining system.  
Any problems noted shall be reported as soon as possible to the Engineer. 

2.4.3 Qualifications 
Engineer's Field Representative shall be experienced with the implementation and 
preparation of quality assurance documentation including:  quality assurance forms, 
reports, certifications, and manuals; and shall have prior experience with soil and 
geosynthetics installation. 
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2.5 Installation Supervisor 
2.5.1 Definition 
The Installation Supervisor is the individual provided and assigned by the Installer to 
be the field representative to provide supervision and guidance to the installation 
crew. 

2.5.2 Responsibilities 
The Installation Supervisor is responsible for coordinating the installation of the clay 
liner; fusing the pipes; or the seaming and installation of the geosynthetic products.  
The Installation Supervisor is responsible for providing supervision and guidance to 
the installation crew.  The Installation Supervisor is responsible for obtaining samples 
for field testing and for coordinating testing activities with the Contractor's 
Representative and Engineer's Field Representative.  The Installation Supervisor is 
responsible for keeping a daily log of all activities related to geosynthetic products 
installation and testing and for attending all related project meetings. 

2.5.3 Qualifications 
The Installation Supervisor must be qualified based on previously demonstrated 
experience, management ability, and authority.  The Geosynthetic Installation 
Supervisor shall have previously managed the installation of at least a total of 
2,000,000 ft2 of geosynthetic products using the same type of seaming apparatus to be 
used at the site.  The Clay Installer Supervisor shall have previously installed at least 
two clay liners.  The Drainage Net Supervisor must have installed at least one net 
system.  The pipe installer must have completed manufacturers training for fusing 
pipe. 

2.6 Installer 
2.6.1 Definition 
The Installer is the company responsible for installation of a particular component of 
the landfill such as the synthetic liner or leachate collection pipe.  This is not limited to 
synthetic products.  The Installer is a Manufacturer or an approved installer trained 
and certified to install a Manufacturer's product. 

2.6.2 Responsibilities 
The Installer shall be responsible for field handling, storing, deploying, seaming, 
curing, temporary restraining, and all other aspects of the product installation.  The 
Installer shall be responsible for submittal of the documentation listed in Section 2.6.4. 
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2.6.3 Qualifications 
The Installer shall be certified to install the material used, shall be pre-qualified by the 
Engineer, shall be able to provide qualified personnel to meet the demands of the 
project. 

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

a. Corporate background and information 

b. Description of installation capabilities: 

(1) Information on equipment (numbers and types), and personnel (number of 
site managers and number of crews). 

(2) Average daily production anticipated. 

(3) Samples of field geomembrane seams and a list of minimum values for 
geomembrane seam properties. 

c. For Synthetic Liner Installer - A list of at least five completed facilities, totalling a 
minimum of 2,000,000 ft2 for which the Installer has installed geosynthetics.  For 
Clay Installer - must have installed at least two other clay liners.  For Drainage Net 
Installer - must have installed at least one net system.  For Pipe Installer - must 
have completed manufacturers training for fusing pipe. For each installation, the 
following information shall be provided: 

(1) Name and purpose of facility, its location, and date of installation. 

(2) Name of owner, project manager, designer, Manufacturer, fabricator (if any), 
and name of contact at the facility who can discuss the project. 

(3) Name and qualifications of the Superintendent(s) of the Installer's crew(s). 

(4) Type of geosynthetic and surface area installed. 

(5) Type of seaming and type of seaming apparatus used. 

(6) Duration of installation. 

(7) Available information on the performance of the lining system and the facility. 

d. The Installer's quality control manual. 

e. A copy of a letter of recommendation supplied by the geomembrane 
Manufacturer. 

 
Pre-installation:  Prior to commencement of the installation, the Installer must submit 
to the Engineer's Field Representative: 
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a. Resume of the Installation Supervisor to be assigned to this project, including 
dates and duration of employment. 

b.  panel layout drawing showing the installation layout identifying field seams as 
well as any variance or additional details which deviate from the engineering 
drawings.  The layout shall be adequate for use as a construction plan and shall 
include dimensions, details, etc. 

 

c. Installation schedule. 

d. A list of personnel performing field seaming operations along with pertinent 
experience information. 

e. All geosynthetic quality control certificates as required by this CQA Manual 
(unless submitted directly to the Engineer's Field Representative by the 
Manufacturer). 

f. Certification that extrudate to be used is comprised of the same resin as the 
geomembrane to be used. 

 
This CQA documentation shall be reviewed by the Installer before installation of the 
geosynthetic begins. 

Installation:  During the installation, the Installer shall be responsible for the 
submission of subgrade surface acceptance certificates for each area to be covered by 
the lining system, signed by the Installation Supervisor. 

Completion:  Upon completion of the installation, the Installer shall submit: 

a. The warranty obtained from the Manufacturer. 

b. The installation warranty. 

c. Record drawings clearly delineating seams, repairs, and location of destructive 
samples. 

2.7 Manufacturer 
2.7.1 Definition 
The Manufacturer is the firm or corporation responsible for production of material to 
be used in the project.  The Manufacturer is responsible for the condition of the 
material until the material is accepted by the Engineer's Field Representative upon 
delivery.  The Manufacturer shall produce a consistent product meeting the project 
specifications, and shall provide quality control documentation for the delivered 
material.   
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2.7.2 Responsibilities 
Each Manufacturer is responsible for the production of its material and for the 
condition of the material until the material is accepted by the Engineer's Field 
Representative upon delivery.  Each Manufacturer shall produce a consistent product 
meeting the project specifications and shall provide quality control documentation for 
its product as specified in this CQA Manual. 

2.7.3 Qualifications 
Prior to shipment of any material, each Manufacturer shall be pre-qualified by the 
Engineer.  Each geosynthetic Manufacturer shall provide sufficient production 
capacity and qualified personnel to meet the demands of the project as identified in 
the specification Section 6 "Textured High Density Polyethylene Geomembrane 
Liner".  Each Manufacturer shall have an internal quality control program for its 
product that meets the specified requirements. 

Pre-qualification:  Each Manufacturer shall meet the following requirements and 
submit the following information to be considered for pre-qualification: 

a. Corporate background and information 

b. Manufacturing capabilities: 

(1) Information on plant size, equipment, personnel, number of shifts per day, 
and capacity per shift. 

(2) A list of material properties including certified test results, to which are 
attached geosynthetic samples, if applicable. 

(3) For liner systems, a list of at least 10 completed landfill or surface 
impoundment facilities totaling a minimum of 3,000,000 ft2 for which the 
Manufacturer has manufactured a geosynthetic product.  For each facility, the 
following information shall be provided: 

(a) Name and purpose of facility, its location, and date of installation. 

(b) Name of owner, project manager, designer, fabrication (if any), and 
installer. 

(c) Type of geosynthetic and the surface area of installed geosynthetic. 

(d) Available information on the performance of the lining system and the 
facility. 

c. The Manufacturer's quality control manual, including a description of the quality 
control laboratory facilities. 

d. The Manufacturer's Field Installation Quality Control Manual.  As a minimum, 
the manual shall contain procedures and recommendations for the following: 
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(1) Geomembrane deployment 

(2) Field panel placement 

(3) Geomembrane field seaming 

(4) Seam testing (destructive, non-destructive for field and laboratory settings) 

(5) Repair of defects 

e. The origin (supplier's name and production plant) and identification (brand name 
and number) of resin used to manufacture the product. 

 
Pre-installation:  Prior to the installation of any geosynthetic material, each 
Manufacturer must submit to the Engineer all quality control documentation required 
by the appropriate section of this CQA Manual.  This documentation shall be 
reviewed and approved by the Engineer before installation can begin. 

2.8 Quality Assurance Laboratory 
2.8.1 Definition 
The Quality Assurance Laboratory is a firm, independent from the Contractor,  
Manufacturer, and Installer, responsible for conducting tests on samples of 
geosynthetics obtained from the site. 

2.8.2 Responsibilities 
The Quality Assurance Laboratory shall be responsible for conducting the appropriate 
laboratory tests as directed by the Engineer and in accordance with the project plans 
and specifications.  The test procedures shall be done in accordance with the test 
methods outlined in Section 3.0 of this CQA Manual.  The Quality Assurance 
Laboratory shall be responsible for providing tests results as outlined in Section 2.8.4. 

2.8.3 Qualifications 
The Quality Assurance Laboratory shall have experience in testing geosynthetics and 
be familiar with American Society for Testing and Materials (ASTM), Federal Test 
Method Standards (FTMS), National Sanitation Foundation (NSF), and other 
applicable test standards.  The Quality Assurance Laboratory shall be capable of 
providing verbal results of destructive seam tests within 24 hours of receipt of test 
samples and shall maintain that standard throughout the installation. 

2.8.4 Submittals 
The Quality Assurance Laboratory shall deliver all destructive seam test results to the 
Engineer in written form within 24 hours of receipt of test samples.  Written test 
results shall be in an easily readable format and include references to the standard test 
methods used. 
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Section 3 - Communications Between 
Involved Parties 
Construction Quality Assurance Plan 

 
Open channels are essential to achieve a high level of quality during construction and 
to assure a final product that meets all project requirements.  This section discusses 
the necessary lines of communication. 

3.1 Lines of Communication 
All communication between parties shall go through the Engineer's Field 
Representative (EFR), who, in turn, will direct the communication through the proper 
channels.  

3.2 Pre-Construction Meeting 
A pre-construction meeting shall be held before construction activity begins.  The 
meeting shall be conducted by the Engineer and attended by the Owner, Engineer's 
Field Representative, Contractor's Representative, Installer, and a Solid Waste Section 
representative. 

As per Rule .1621(b)(1) the meeting will include a review of the project documents, 
any modifications to these documents, the responsibilities and duties of each party; 
the construction strategy, the proposed schedule and critical path, and a discussion of 
the procedures for periodic reporting for testing and construction activities. 

3.3 Progress Meetings 
Progress meetings shall be conducted by the Engineer and attended by the Owner, 
Engineer's Field Representative, Contractor's Representative, Installation Supervisor, 
and any other concerned parties shall be held as deemed necessary.  These meetings 
shall discuss current progress, planned activities for the next week, issues requiring 
resolution, and any new business or revisions to the work.  The Engineer's Field 
Representative shall log any problems, decisions, or questions arising at this meeting 
in his weekly report.  If any matter remains unresolved at the end of this meeting, the 
Engineer's Field Representative will be responsible for obtaining a resolution of the 
matter and for forwarding communication of the decision to the appropriate parties.  
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Section 4 - Landfill Subgrade 
Construction Quality Assurance Plan 

 
The materials, construction, and certification requirements presented in this Section 
are intended to comply with Rule .1624(b)(7). 

4.1 Materials 

The subgrade shall be adequately free of organic material and consist of in-situ soils 
or a select fill approved by the Engineer. 

4.2 Construction  

A. The subgrade shall be graded in accordance with the plans.   

B. The clay liner subgrade shall be compacted to at least 95 percent of maximum 
density as determined by ASTM D698. 

C. The subgrade surface shall not be smooth rolled. The subgrade surface shall be left 
in a roughened condition to allow good adherence between the subgrade and the 
initial lift of the clay liner.    

D. The Engineer shall be notified if bedrock or other unpredicted subsurface 
conditions are encountered during excavation. 

E. The Engineer shall visually inspect and approve the subgrade and the survey plan 
of subgrade elevation submitted by the Contractor before installation of the clay 
liner may proceed.  It shall be the Contractor's responsibility to properly prepare 
and maintain the subgrade in a smooth, uniform, and compacted condition during 
installation of the liner. 

F. If the subgrade is damaged during liner installation, the Contractor shall restore 
and recompact the area and have the Quality Assurance Laboratory retest the 
subgrade prior to installing the liner.   

4.3 Certification 

A. The Engineer will conduct a visual inspection of the subgrade and make field 
notes to document that the subgrade is properly prepared. 

B. The clay liner subgrade shall be proofrolled by the Contractor and examined by 
the Engineer to detect soft or loose soils.  Proofrolling shall be accomplished with 
equipment subject to Engineer approval.  A minimum of four passes shall be 
required.  Based on observation during the proofrolling operation, the Engineer 
reserves the right to select the number and direction of passes to be used.  Any 
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unsuitable soils encountered at subgrade elevation shall be removed and replaced 
as directed by the Engineer. 

C. The minimum testing frequency for compaction and moisture content shall be 1 
test/lift/10,000 square feet for areas of fill and 1 test/10,000 square feet for areas 
of cut (testing only the upper 10 inches of areas of cut). 

D. The Contractor shall provide ground survey plans certified by a Land Surveyor 
registered in the State of North Carolina as follows: 

1. Three ground surveys of the disposal cells to verify the elevation of subgrade, 
top of clay, and top of sand.  Shots for these surveys shall be taken on 50-foot 
centers, using identical horizontal points for all three surveys. 

E. No clay liner shall be placed until the subgrade has been examined by the 
Engineer and testing results and survey are approved by the Engineer. 
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Section 5 - Compacted Clay Liners 
Construction Quality Assurance Plan 

 
The materials, construction and certification requirements in this Section are intended 
to comply with Rule .1624(b)(8). 

5.1 Materials 
A. Clay liner materials shall conform to the following properties: 

1. Passing the 1-inch Sieve ASTM D422 100 percent 

2. Passing the 200 Sieve  ASTM D1140 40 percent minimum 

3. Liquid Limit   ASTM D4318 30 minimum 

4. Plasticity Index  ASTM D4318 10 minimum 

5. Soil Classification  ASTM D2488 SC, CH, CL, or MH 

6. Hydraulic Conductivity ASTM D5084 1.0 x 10-5 cm/s maximum  
    for base liner systems,  

     1.0x10-5 cm/s maximum 
     for cap system 

7. Interface Friction Angle ASTM 5321   20.5 degrees minimum or as 
        as approved by Engineer 

8. Internal Friction Angle ASTM D4767  20.5 degrees minimum or as  
        approved by Engineer 

9. Organic Content  ASTM D2974  5% maximum 

B. A soil-bentonite mixture can be used for the clay liner provided it achieves the 
specified hydraulic conductivity and interface and internal friction angles.  Both 
onsite and offsite soils may by used for soil-bentonite mix.  Soil to be used for the 
soil-bentonite mix shall conform to the following properties:  

1. Passing the 1.5-inch Sieve ASTM D422 100 percent 

2. Soil Classification  ASTM D2488 SC, SM, CL, CH,  
    ML, MH 

3. Soils with organic materials of any kind, particularly leaves and roots, shall not 
be used in the mixture. 

C. The soil-bentonite mixture shall consist of an acceptable soil described in 
Paragraph 5.1 C containing a sealant consisting of free flowing, high swelling 
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sodium-based Wyoming type bentonite.  The bentonite sealant shall conform to all 
items of this specification with all supporting test data certified, submitted to, and 
approved by the Engineer, prior to bid, as follows: 

1. The bentonite shall meet the contamination resistance criterion defined as the 
ability of the bentonite, when prehydrated with fresh water for a minimum of 
72 hours, and tested at the rate of 2.5 lbs. per square foot mixed into a 2-inch 
layer of SP type sand to maintain hydraulic conductivity for a minimum of 200 
days after introduction of a solution containing 3 percent ammonium chloride 
into the testing device, or equivalent certification that meets the approval of 
the Engineer. 

2. The bentonite shall be covered by the Manufacturer's warranty against defects 
in material and workmanship and shall have a useful life of 30 years under 
normal weathering and normal use conditions. 

D. The clay or soil-bentonite mixture material used for base liner or cap construction 
shall be uniform in character, and after compaction, shall have an in-place 
saturated hydraulic conductivity of 1.0 x 10-5 cm/s or less (for base liner) and 1.0 
x 10-5 cm/s (for cap systems) according to ASTM D5084. 

E. Soil-bentonite mixture shall also conform to the following properties: 

1. Friction Angle   Direct Shear, 20.5 degrees minimum  
 (Interface with   Rotational Shear, 
 Textured HDPE)  or as approved 
     by Engineer 

2. Internal Friction Angle ASTM D4767 20.5 degrees minimum 

F. The Contractor shall use adequate CQC to verify the material conformance of 
offsite materials according to this section.  The Contractor shall submit to the 
Engineer, within 30 days of the effective date of the Agreement, representative 
samples from the clay source (or soil samples for soil-bentonite mix).  In the case 
that the submitted samples fail to conform to the required criteria, the Contractor 
may locate another source, and upon approval of that source by the Engineer, 
submit samples from the new source for conformance testing at the cost of the 
Contractor. 

G. If the Contractor plans to use any blending of soils as clay liner material, the 
Contractor shall submit the blended soil for the Engineer's approval in accordance 
with the requirements. 
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5.2 Conformance Testing  
A. Initial conformance testing shall be performed by the QAL on samples from the 

clay source, or soil source for a soil-bentonite mixture, to assure compliance with 
the Specifications.  The samples will be obtained from multiple test pits to be dug 
by the Contractor under the direction of the QAL.  The following tests shall be 
performed on the samples. For soil to be used in a soil-bentonite mix, tests 8 and 9 
will not be performed. 

1. Soil Classification (ASTM D2487) 

2. Sieve Analysis (ASTM D422) (including hydrometer analysis) 

3. Atterberg Limits (ASTM 4318) 

4. Moisture-Density Curves (ASTM D698) 

5. Specific Gravity (ASTM D854) 

6. Laboratory Hydraulic conductivity (ASTM D5084 except as modified in 
Paragraph 5.3.1.G) 

7. Nat. Moisture (ASTM D2216) 

8. Shear Tests for clay liner material (ASTM D4767 or as  approved by the 
Engineer) 

9. Interface Shear Tests (clay/synthetic liner or soil-bentonite/synthetic liner) 
using a direct shear, rotational shear, or as approved by Engineer. 

B. For natural clay sources, the QAL shall determine an acceptable zone of moisture 
contents and dry unit weights for which permeabilities are less than or equal 1.0 x 
10-5 cm/s (or 1.0 x 10-5 cm/s for cap systems) by performing the following testing 
and analysis procedures: 

1. Using the samples extracted from the proposed clay source, perform Modified, 
Standard, and reduced Proctor compaction tests to develop three moisture-
density curves .  For the reduced Proctor effort, use the 15-blow compaction 
test described by the U.S. Army Corps of Engineers (1970).  For each of the 
three compaction tests use six specimens at incremental moisture contents to 
develop a compaction curve showing dry density for each molding water 
content. 

2. Permeate each compacted specimen to determine its hydraulic  conductivity.  
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3. On the graph of dry density vs. moisture content, identify the samples which 
have hydraulic conductivities less than or equal to 1.0 x 10-5 cm/s  (or 1 x 10-5 
cm/s for cap systems). 

4. Draw an "acceptable zone" of water content and dry density around the 
passing samples. 

5. Perform Internal Shear Tests and Interface Shear Tests on one specimen from 
the high and low ends of the acceptable zone and plot the friction angles 
(internal and interface with the synthetic liner) as a function of molding water 
content.  

6. Based on the shear test results and other pertinent factors such as 
constructibility, shrink/swell potential, dessication cracks, and consolidation, 
the QAL shall modify the acceptable zone as required. 

7. The QAL shall provide the graphs described above to the Contractor for one 
material source at the expense of the Owner.  If additional sources are used, 
the tests described above shall be performed by the QAL and the costs will be 
paid by the Contractor. 

C. For soil-bentonite mixes, prior to constructing the test pad, the QAL shall 
determine an acceptable zone of moisture contents and dry unit weights in which 
the permeability is less than or equal to 1.0 x 10-5 cm/sec (or 1.0 x 10-5 cm/sec for 
cap systems) by following the procedures described above in 5.2.B (with the 
exception that samples will be extracted from the pug mill operation).  The 
samples will be taken from a soil-bentonite mix once the bentonite percentage for 
production has been firmly established.  The Contractor shall be responsible for 
performing preliminary permeability tests on initial mix ratios (based on 
manufacturer's recommendation and adjusted based on Contractor's experience) 
in order to establish the percentage of bentonite to be used in production.   

D. For each delivery of material from the borrow source, the QCL personnel of the 
Contractor shall note, on an approved form, the color of the material, date, time, 
and approximate quantity of material brought onsite and submit five (5) copies of 
completed forms to the Engineer at the end of each work day.  The clay or soil (for 
soil-bentonite mixture) source shall be conformance tested by the QCL during the 
excavation and stockpiling operation at the following frequency. 

 Test Method     Frequency 

  Grain Size w/hydrometer (ASTM D422) Every 2000 cy 
 Atterberg Limits (ASTM D4318)  Every 2000 cy 
 Moisture/Density (ASTM D698)  Every 4000 cy 
 Natural Moisture (ASTM D2216)  Every 1000 cy  
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Results of the tests will be submitted to the QAL within 24 hours of test completion.  
The QAL reserves the right to reject material based on the results of the conformance 
tests.   

5.3 Construction  
5.3.1 Test Pad 
A. A test pad of a dimension of no less than 40 ft by 60 ft and 18 in thickness (18-inch 

thickness for cap systems) shall be constructed onsite using the same equipment, 
processing and installation procedures that will be used during full-scale liner 
construction. The clay or the soil-bentonite mixture to be used for the test pad 
shall be the same material that the Contractor proposes to use for construction of 
the base liner. If approved by the Engineer, the test pad may be installed within 
the liner limits and incorporated in the work, provided the pad passes all testing 
requirements. 

B. The construction of the pad shall be directed by the QCL.  The QCL shall use the 
acceptable zone established by the QAL to set moisture contents and percent 
compaction.  The QCL may perform tests as needed to assist in the construction of 
the test pad.  However, only the results of the QAL's test will be recognized for 
determining the performance of the pad.   

C. For each lift, the QAL shall perform testing of moisture content and density at a 
minimum of three test locations.  The QAL shall record moisture content, 
compaction procedures, and density throughout the construction of the test pad.  
Two Shelby Tube Samples shall be obtained per lift by the QAL.  One tube will be 
used to perform a permeability test.  The second tube will be kept as a backup in 
case of damage to the first sample or dispute of test results.  

D. If the initial test pad does not give the specified results, additional test pad(s) shall 
be performed, at the Contractor's cost (including CQA costs), until the specified 
requirements are met.     

E. For soil-bentonite mixtures, the bentonite content used for the test pad shall be set 
by the Contractor and written notification of the mix ratio will be submitted to the 
Engineer prior to constructing the test pad. 

F. The Contractor may construct test pads for more than one source of clay liner 
material or soil-bentonite mix ratios.  However, only the first test pad will be 
tested and evaluated at the Owner's cost as a part of the specified construction 
quality assurance (CQA).  All costs associated with subsequent test pads shall be 
paid for by the Contractor.  If the Contractor changes the source of clay or soil (for 
the soil-bentonite mixture) or if the characteristics of the clay or the soil within the 
selected source changes significantly, the Engineer may order the construction of 
additional test strips and subsequent tests as specified above as may be necessary 
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to evaluate the performance of the compacted clay or soil-bentonite liner.  
Construction of additional test pads and the related CQA work will be performed 
at no cost to Owner. 

G. One triaxial type hydraulic conductivity test (ASTM D5084) will be performed on 
each test pad per lift.  These tests will be performed on 3-inch diameter (O.D.) 
undisturbed samples obtained from a Shelby tube (ASTM D1587) or drive 
cylinder, trimmed if needed, encapsulated within a flexible latex membrane, and 
mounted in triaxial type permeameters.  The test specimen shall be consolidated 
under an effective stress of 5 to 10 psi and permeated under a back pressure as 
recommended in paragraph 8.3 of ASTM D5084 to achieve saturation.  The 
hydraulic gradient used for hydraulic conductivity measurements shall be 
established in the laboratory which will provide for accelerated testing and final 
results within seven days.  The maximum hydraulic gradient shall be performed 
at the  maximum hydraulic gradient (30) according to paragraph 8.5.1 of ASTM 
D5084 or as specified by Engineer.  The hydraulic gradient shall be increased 
slowly in increments with careful observations of the test sample for 
consolidation, piping, etc.  Test samples that are consolidated in volume by more 
than 5 percent during the test shall be voided.  The inflow and outflow from the 
sample shall then be monitored and the hydraulic conductivity calculated for each 
recorded flow increment.  The tests will continue until steady state flow is 
achieved as specified in paragraph 8.5 of ASTM D5084. 

H. The liner thickness shall be determined from four locations selected by the QAL 
per test pad using a method consisting of hand augering or push tubes sampling 
(with a minimum of a 3/4" diameter sample). 

5.3.2 Liner Installation  
A. The QCL shall supervise the liner installation.  Work shall not be performed by 

the Contractor without the QCL onsite.  The QCL shall perform field tests (ie. 
moisture content, densities, etc.) as required to ensure proper installation.  The 
QAL shall perform tests as described in section 5.4 to determine acceptance of the 
liner.  

B. The placement moisture content shall be within the acceptable zone of moisture 
content as determined by the QAL during the conformance testing of the clay or 
soil-bentonite mixture described in paragraph 2.02 B.  The acceptable zone may be 
modified by the Engineer based on results and observations of the test pad. 

C. Water For Compaction 

1. The Contractor shall provide water as required to guarantee constructability 
and proper condition of the inplace and stockpiled material. 

2. The water shall be of potable quality. 
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3. Prior to installing the liner, the Contractor shall inspect the subgrade to ensure 
that it has been sufficiently wetted to prevent excessive absorption of moisture 
from the installed material. 

4. Should the material be stockpiled for any length of time the Contractor shall 
slope and compact the stockpile to prevent erosion and oversaturation. 

5. Should the material become oversaturated, the Contractor shall spread and 
dry the material as needed to adjust the moisture to the proper level. 

D. The materials shall be uniformly compacted to no less than the minimum dry 
density of the acceptable zone that corresponds to the placement moisture content.  
The acceptable zone shall be as specified by the QAL in accordance with the 
procedures outlined in 5.2.B.  This minimum density shall be uniformly obtained 
throughout the entire thickness of the liner.  The liner shall be constructed in lifts 
with a maximum compacted thickness of 6 inches per lift to assure achievement of 
the specified compaction in the lower part of the liner.  However, the initial lift 
may be placed at 8 inches to prevent mixing with the subgrade during 
compaction.  The surface of a lower lift shall be scarified prior to placement of an 
upper lift.  However, the existing subgrade shall not be scarified.  During 
placement of the initial lift care should be taken to avoid mixing of the liner 
material and subgrade material.  The direction of equipment movement during 
spreading and compaction of an upper lift shall be perpendicular to that carried 
out on a lower lift.  To achieve the specified compaction the Contractor shall use a 
self-propelled compactor such as the Caterpillar 815, or an equivalent, which 
provides steel kneading feet capable of fully penetrating the loose lift and into the 
previously compacted lift, in spreading and kneading the materials.  Finally, a 
smooth wheel compactor such as a Caterpillar CS553 shall be used with sufficient 
number of passes to smooth the upper surface of the clay liner.  All detectable 
rocks 1" or larger shall be removed.  This type of compactor shall be used only for 
final smoothing of the surface.  It shall not be used for achieving the specified 
compaction.  Rubber tired rollers and vibratory rollers also will not be allowed for 
use in compaction of the materials. 

E. Liner material shall be disked, harrowed, and kneaded as necessary to break 
down all clods and produce a uniform material that is free of clods.  If the 
Engineer observes that all clods have not been broken down, the Contractor shall 
rework the material to the satisfaction of the Engineer.   

F. Liner material which has been contaminated with clusters of rock or gravel, sand 
lenses, organic debris or other deleterious material shall be removed and replaced 
with uncontaminated clay materials.   

G. The Contractor shall use a pugmill to produce the soil-bentonite mix at the 
required moisture content to achieve an in-place compacted minimum 18-inch 
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thick layer of material with a hydraulic gradient less than or equal to 1 x 10-5 
cm/sec (for cap systems use a minimum 18-inch thick layer with a hydraulic 
gradient less or equal to 1 x 10-5 cm/sec).  Based on the soil material to be used, 
the Engineer may direct the Contractor to screen the soils prior to placement in the 
pugmill.  The pugmill must be approved by the Engineer prior to its arrival on 
site. 

H. For each lift, the contractor shall employ a crew of laborers to remove all rocks 1" 
or larger prior to smooth rolling. 

I. No clay liner material shall be placed, spread, or compacted while the subgrade or 
the liner material is frozen/thawing, saturated, desiccated, nor during 
unfavorable weather conditions or periods of precipitation.  The liner surface 
must be made smooth and free from ruts or indentations at the end of any 
working day when significant precipitation is forecast and/or at the completion of 
the compaction operations in that area in order to prevent saturation of the liner 
material.  Any regrading due to the above conditions or final preparation should 
be retested at those locations for liner thickness prior to placement of the next lift 
or synthetic liner.  Thickness measurements should be performed as indicated in 
Section 5.4.1. 

J. Work shall be limited to an area where a lift can be completed in one working day 
and shall continue in that area until four lifts have been placed.  Completion of an 
area shall be defined as the construction of a liner of a minimum 18 inches (or a 
minimum 18 inches for cap systems) that is homogenously installed at a moisture 
content and density within the acceptable zone, free of organic materials and 
rocks larger than 1 inch diameter, and possessing a smooth rolled surface 
matching design grades.  Work on the slopes shall be undertaken prior to work on 
the bottom grades to permit drainage in the event of rainfall. 

K. If a lift is not to receive a subsequent lift within 16 hours of its completion, the lift 
shall be sealed with a smooth wheel compactor, such as the caterpillar CS553, at 
the end of each day's work to protect the liner from desiccation.  Should 
desiccation cracks develop, the liner shall be scarified, disked, rewetted, 
rehomogenized and recompacted in accordance with the Specifications to the 
depth of any such cracks or as instructed by the Engineer. 

L. During construction, the Contractor shall make all necessary provisions to deal 
with inclement weather conditions.  The Contractor shall be fully responsible for 
control of stormwater during installation of the liner system and for moisture 
control and protection of the clay liner. 

M. After finish grading and smooth rolling is completed, the compacted clay liner 
shall not be less than 18-inches in any location (or 18-inches minimum for cap 
systems).  Liner thickness will be tested by the QAL on a per lift basis at a 
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frequency specified in section 5.4.1 using a method of hand augering or push tube 
sampling (minimum 3/4" sample).  Each test shall penetrate all underlying lifts to 
the subgrade elevation.  The thickness shall be measured from top of subgrade to 
top of clay liner.  Areas not meeting the thickness requirements shall be 
augmented with additional clay material at the expense of the Contractor.  Any 
additional testing or CQA services associated with corrective action for achieving 
the 18-inch liner thickness requirement (or the 18-inch thickness requirement for 
cap systems) will be at the cost of the Contractor.  The added material shall be 
worked into the in-place liner to ensure homogeneity and proper bonding.  This 
shall be done by scarification of the surface prior to addition of the new material.  
As a minimum, the top 4 in of the liner shall be wetted, kneaded, compacted and 
reworked with the additional material to obtain the required thickness. 

5.4 Certification 
5.4.1 Field Quality Control 
A. The QAL shall conduct the following tests during installation of the clay or soil-

bentonite liner at the specified frequencies. 

 Test Method     Frequency 

 Atterberg Limits (ASTM D4318)  2/acre/lift 

 Natural Moisture (ASTM D2216)  1/acre 
 undisturbed sample 
 w/ undisturbed  
 permeability 

 Undisturbed Permeability (ASTM D5084) 1/2 acres/lift 

 Density (ASTM D2937 or ASTM D2992) 4/acre/lift 

 Natural Moisture (ASTM D2216 or ASTM D3017)     4/acre/lift  

 Liner thickness (Hand Auger or push tube) 4/acre 

C. All holes made as a result of depth measurements, permeability samples, density 
tests, grade stakes or other means shall be completely filled by the Contractor with 
bentonite, soil-bentonite mix, or clay liner soil, as instructed by the Engineer. 

D. The Engineer shall have the authority to request additional permeability tests in 
areas that, in the Engineer's judgement, may be suspect or deficient.  Hydraulic 
conductivity tests shall be conducted in accordance with ASTM D5084 except as 
modified in Paragraph 5.3.1.G.  For each sample tested, two back-up samples will 
be extracted in the proximity of the sample location.  These samples will be held in 
a controlled environment at the QAL laboratory as a precautionary measure. If 
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adequate demonstration is presented that a sample was not representative of the 
clay liner or that an error in testing occurred, the backup samples will be tested 
and the original test will be  disregarded.   

E. Any sample or area tested shall be rejected, removed and replaced if it does not 
meet the requirements of the technical specifications.  Reconstructed areas shall 
have feathered, overlapping edges that tie into adjacent liner areas. 

F. Grade stakes for liner construction shall be numbered by the Contractor and 
located on an inventory map.  The inventory map shall be submitted to the 
Engineer.  Upon completion of an area, the removed stakes will be compared to 
the inventory map to ensure that none were left inplace.  

G. The Contractor shall submit a survey plan with final elevation of top of clay liner 
for Engineer's approval. 

5.4.2 Corrective Action 
If soil has been desiccated to a depth less than or equal to the thickness of a single lift, 
the desiccated lift may be disked, moistened, and recompacted.  However, disking 
may produce large, hard clods of clay that will require pulverization.  Also, it should 
be recognized that if the soil is wetted, time must be allowed for water to be absorbed 
into the clods of clay and hydration to take place uniformly.  For this reason it may be 
necessary to remove the desiccated soil from the construction area, to process the lift 
in a separate processing area, and to replace the soil accordingly. 
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Section 6 - Textured High Density 
Polyethylene (HDPE) Liner 
Construction Quality Assurance Plan 

 
This Section is intended to comply with Rule .1624(b)(9). 

6.1 Materials 
A. General: 

1. The liner shall be manufactured of new, prime first-quality products designed 
and manufactured specifically for the purpose of liquid containment in 
hydraulic structures and chemically resistant to leachate.  HDPE Liner 
materials shall have a minimum thickness of 60 mils and a demonstrated 
water vapor transmission rate of not more than 0.03 gm/m2 day. 

2. The liner material shall be so produced as to be free of holes, blisters, 
undispersed raw materials, or any sign of contamination by foreign matter.   

3. The sheets shall be manufactured in a minimum 15 foot seamless width.  
Labels on the roll shall identify the thickness, length, width, and 
Manufacturer's lot number. 

4. Particles of texture must be of the same material as specified for the liner itself. 

B. Properties: 

1. The liner rolls shall meet the minimum properties listed in Appendix A, Table 
A1. 

C. Other Materials: 

1. Extrudate welding rods shall be of the same compound as the liner and 
supplied by the Manufacturer and shall be delivered in the original sealed 
containers.  Each container shall have a label bearing the brand name, 
Manufacturer's lot number, and complete directions as to proper storage. 

D. Material Warranty: 

1. The textured HDPE liner Manufacturer shall warrant the liner, on a prorated 
basis, against manufacturing defects and material degradation under outdoor 
exposure for a period of twenty years from the date of installation.  The 
Manufacturer shall replace at no expense any material which fails from the 
above causes within the warranty period.  The Manufacturer shall furnish a 
written warranty covering the requirements of this paragraph. 
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6.2 Construction 
A. Subgrade (Top of Clay Liner) Preparation: 

1. The top surface of the clay liner shall be smooth, uniform, free from sudden 
changes in grade (such as vehicular ruts), rocks, stones, debris, and deleterious 
materials.  During actual placing and seaming of the geomembrane liner, the 
clay liner shall be kept free of all standing water.  If the clay liner below the 
liner becomes wet and unstable, it shall be dried and recompacted. 

2. Before the liner installation begins, the Contractor and installer shall verify in 
writing and submit to the Engineer: 

a. Lines and grades are in conformance with the Drawings and Specifications. 

b. The surface area to be lined has been rolled and compacted, free of 
irregularities and abrupt changes in grade. 

c. The survey demonstrating that the thickness of the clay liner is at least 2 
feet. 

3. The Contractor shall not proceed with synthetic liner installation until a 
complete report on all clay liner hydraulic conductivity tests and the survey 
verifying the clay liner is a least 2 feet thick has been submitted and approved 
by the Engineer.  

B. Liner Placement: 

1. Weather Conditions 

a. Liner placement shall not proceed at an ambient temperature below 40 
degrees F or above 104 degrees F unless otherwise authorized, in writing, 
by the Engineer or the Engineer's Field Representative (EFR).  Liner 
placement shall not be performed during precipitation, excessive moisture, 
in an area of ponded water, or excessive winds. 

2. Method of Placement 

a. Each panel of the liner shall be rolled out and installed in accordance with 
the approved shop drawings prepared by the Contractor.  The layout shall 
be designed to keep field joining of the textured HDPE liner to a minimum 
and consistent with proper methods of textured HDPE liner installation. 

b. Panels shall be oriented perpendicular to the line of the slope crest (i.e., 
down and not across slope). 
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c. Liner rolls shall be placed using proper spreader and rolling bars with 
cloth slings.  If a sheet must be replaced a distance greater than its width, a 
slip sheet shall be used. 

d. The EFR shall inspect each panel, after placement and prior to seaming, for 
damage and/or defects.  Defective or damaged panels shall be replaced or 
repaired, as approved by the Engineer. 

e. The installer shall avoid dragging the liner sheets on rough soil subgrades. 

f. All liner shall be anchored as shown on the Drawings and consistent with 
Manufacturer's recommendations. 

g. Personnel working on the liner shall not smoke, wear damaging shoes, or 
involve themselves in any activity that may damage the liner. 

h. The liner shall be properly weighted to avoid uplift due to wind. 

i. Vehicular traffic across the liner shall not be allowed.  

j. All damage shall be recorded and located on the record drawings. 

k. When tying into existing liner, all excavation of previously installed liner 
shall be performed by hand to prevent damage. 

l. The liner shall be kept free of debris, unnecessary tools and materials.  In 
general, the liner area shall remain neat in appearance. 

m. Fuel shall not be stored on the liner. 

n. To prevent a "trampoline effect" from forming, the Contractor shall place 
sufficient sand bags on liner along the toe of slopes to ensure full contact of 
the liner with the subgrade. In addition, the horizontal seam nearest the 
toe of slope shall remain unwelded until all other seams in the area are 
completed.  The final seam shall be welded when the liner is cool and fully 
contracted.  Care shall be taken to ensure that the liner contacts the 
subgrade in all locations before completing the seam. 

3. Pipe Penetrations 

a. All pipe penetrations through the textured HDPE liner shall be bootless 
pipe penetration as manufactured by Gundle, or equal. A detail of the 
bootless pipe penetration is provided in the drawings.  

b. All bootless pipe penetrations shall be shop tested and field tested after 
installations in accordance with the Manufacturer's recommendations.  All 
shop testing and field testing procedures must be submitted to the 
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Engineer for review and approval prior to the shipping of the bootless pipe 
penetrations. 

C. Field Seams: 

1. Individual panels of liner shall be laid out and overlapped by a minimum of 4 
inches prior to welding.  The area to be welded shall be cleaned and prepared 
in accordance with the quality control welding procedures. 

2. Single or double track hot wedge fusion welder shall be used for straight 
welds.   

3. Extrusion welder shall be used for cross seam tees, patches, and repairs and 
penetration boots. 

4. The welding equipment used shall be capable of continuously monitoring and 
controlling the temperatures in the zone of contract where the machine is 
actually fusing the liner material so as to ensure that changes in environmental 
conditions will not affect the integrity of the weld. 

5. No "fish mouths" will be allowed within the seam area.  Where "fish mouths" 
occur, the material shall be cut, overlapped, and a patch fusion weld shall be 
applied.  All welds upon completion of the work shall be tightly bonded.  Any 
liner area showing injury due to excessive scruffing, puncture, or distress from 
any cause shall be replaced or repaired with an additional piece of liner.  The 
number of patches per 100-foot length shall not exceed five.  If more than five 
patches per 100-foot length are necessary, then the entire 100-foot length of 
seam shall be removed.  Further welding will cease at this time and the 
Engineer shall be notified. 

6. All seams shall have a seam number that corresponds with the panel layout 
numbers.  The numbering system shall be used in the development of the 
record drawings.  Seam numbers shall be derived from the combination of the 
two panel numbers that are to be welded together. 

7. All fusion welded "T" seams (i.e., the result of the liner panels placed 
perpendicular to each other) shall be double welded where possible.  The 
extrusion process shall be used for the second weld. 

8. All extrudate shall be free of dirt, dry, and protected from damage. 

9. If an extrusion welder is stopped for longer than one minute, it shall be 
purged to remove heat-degraded extrudate.  All purged extrudate shall be 
placed on a sacrificial sheet and disposed of. 

10. All seams constructed on sloped surfaces shall be vertical seams.  Where 
horizontal seams are required on sideslope surfaces, a 12-inch wide cap strip 
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of the same synthetic material shall be placed on top of the horizontal seam 
and welded to the adjacent panels.  All cap strip seams shall be non-
destructively tested. 

11. All vertical panels placed on sloped surfaces shall extend 5 feet inward from 
the toe of slope or edge of trench. 

12. All end seams shall be staggered a minimum of 5 feet in length between 
contiguous panels. 

13. To prevent moisture buildup during fusion welding, it may be necessary to 
place a movable protective layer of plastic directly below each overlap of liner 
that is to be seamed. 

14. If required, a firm substrate shall be provided by using a flat board or similar 
hard surface directly under the seam overlap to achieve proper support. 

15. All seams shall extend the full length of the Panel (including the anchor 
trench). 

16. All factory seams, field seams, and repair welds shall meet seam strength 
requirements specified in Appendix A, Table A2. 

D. Normal Weather Conditions: 

1. The normal required weather conditions for seaming are: 

a. Ambient temperature higher than 40 degrees F and lower than 104 degrees 
F. 

b. No precipitation or other excessive moisture, such as fog or dew. 

c. No excessive winds. 

E. Cold Weather Conditions: 

1. If the ambient temperature is below 40 degrees F, the following conditions 
shall be met to ensure quality seaming process: 

a. Preheating the surface of the liner to achieve normal temperature range. 

b. Preheating may be waived by the EFR if the installer demonstrates that 
satisfactory welds of equivalent quality may be obtained without 
preheating at the expected temperature of installation. 

c. Preheating devices shall be approved by the Manufacturer. 
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d. Care shall be taken to assure that surface temperatures are not lowered 
below the minimum required surface temperature for welding due to 
winds. 

e. Additional destructive tests samples shall be taken at the discretion of the 
Engineer. 

f. Test seams shall be performed under the same ambient temperature 
conditions as the actual seams. 

F. Warm Weather Conditions: 

1. If the ambient temperature is above 104 degrees F, no seaming of liner shall be 
permitted unless the installer can demonstrate, to the satisfaction of the 
Engineer, that liner seam quality is not adversely impacted. 

2. Test seams shall be performed under the same ambient temperature 
conditions as the actual seams. 

3. Additional destructive tests shall be taken at the discretion of the Engineer. 

G. Anchor Trench: 

1. The anchor trench shall be constructed as shown on the Drawings and as 
specified herein.   

2. Slightly rounded corners shall be provided in the trench to avoid sharp bends 
in the liner. 

3. The anchor trench shall be adequately drained to prevent water ponding and 
softening to adjacent soils.  The anchor trench shall be backfilled with local fill 
material and compacted to 90 percent standard proctor density, ASTM D698.  

4. If the anchor trench is located in a clay susceptible to desiccation, the amount 
of trench open at any time shall be limited to one day of liner installation 
capacity. 

H. Guarantee 

1. The Contractor shall guarantee the textured HDPE liner against defects in 
installation and workmanship for the period of two years commencing with 
the date of final acceptance.  The guarantee shall include the services of 
qualified service technicians and all materials required for the repairs at no 
expense to the Owner. 
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I. Disposal of Waste Material 

1. Upon completion of installation, the Contractor shall dispose of all trash, 
waste material, and equipment used in connection with the performed work 
and shall leave the premises in a neat and acceptable condition. 

6.3 Certification 
A. American Society for Testing and Materials (ASTM): 

1. ASTM D638   Standard Test Method for Tensile Properties of Plastics 

2. ASTM D746   Standard Test Method for Brittleness Temperature of Plastics 
and Elastomers by Impact 

3. ASTM D751   Standard Test Methods for Testing Coated Fabrics 

4. ASTM D792   Standard Test Methods for Density and Specific Gravity 
(Relative Density) of Plastics by Displacement 

5. ASTM D1004   Standard Test Method for Initial Tear Resistance of Plastic Film 
and Sheeting 

6. ASTM D1204   Standard Test Method for Linear Dimensional Changes of 
Nonrigid Thermoplastic Sheeting or Film at Elevated Temperature 

7. ASTM D1238   Standard Test Method for Flow Rates of Thermoplastics by 
Extrusion Plastometer 

8. ASTM D1505   Standard Test Method for Density of Plastics by the Density-
Gradient Technique 

9. ASTM D1603   Standard Test Method for Carbon Black in Olefin Plastics 

10. ASTM D1693   Standard Test Method for Environmental Stress - Cracking of 
Ethylene Plastics 

11. ASTM D3015   Standard Practice for Microscopical Examination of Pigment 
Dispersion in Plastic Compounds 

12. ASTM D3895 - Standard Test Method for Copper-Induced Oxidative 
Induction Time of Polyolefins by Thermal Analysis 

13. ASTM D4437   Standard Practice for Determining the Integrity of Field Seams 
Used in Joining Flexible Polymetric Sheet Geomembranes 
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B. Federal Test Method Standards (FTMS): 

1. FTMS 101 - Test Method For Puncture Resistance for Plastics 

C. National Sanitation Foundation (NSF): 

1. NSF 54 ANNEX - Modifications to ASTM Standard Test Methods 
Representing Industries Standard in joining flexible polymetric sheet 
geomembranes 

Where reference is made to one of the above standards, the revision in effect at 
the time of bid opening shall apply.  

D. Quality Assurance: 

1. In addition to manufacturer and installer requirements for qualifications and 
certification, the Quality Assurance consists of conformance testing of the 
material delivered to the site and field quality control during installation. 

2. The purpose of conformance testing is to assure that the supplied material 
conforms to the specifications and to the Manufacturer's quality control 
certificates. 

3. The purpose of field quality control procedures is to assure that the liner has 
been installed in accordance with the specifications and Manufacturer's 
recommendations. 

E. Quality Control Plan: 

1. The forms in Appendix B for liner quality control documentation shall be used 
for field installation documentation.  Alternative forms may be used for 
documentation as approved by the Engineer. 

F. Geomembrane Quality Control Documentation 

1. Pre-installation Conference 

a. Prior to commencing work, a pre-installation conference shall be held and 
the following project personnel shall be identified by name and recorded 
in the project files: 

(1) Owner's Representative   (OR) 

(2) Field Installation Manager   (FIM) 

(3) Engineer's Field Representative  (EFR) 

(4) Installation Supervisor   (IS) 
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(5) Master Seamer    (MS) 

(6) Contractor's Representative   (CR) 

(7) Quality Assurance Laboratory  (QAL) 

b. Two duplicate project files shall be maintained.  One shall be maintained 
by the EFR and the other shall be maintained by the FIM.  At the end of 
each work week, the files shall be updated and checked to ensure that 
copies of all pertinent project information is included in each file. 

c. Blank copies of the following ten project forms shall be available onsite 
throughout the duration of the project: 

Form No. Title 
1 Startup 
2 Liner Pre-Delivery 
3 Liner Delivery 
4 Daily Checklist 
5 Liner Panel Placement 
6 Onsite Liner Welding Report 
7 Damage and Failure Report 
8 In-Situ Weld Testing Report 
9 Post Installation Checklist 
10 Daily Field Log 

 
G. Record Drawings: 

1. The Contractor shall furnish record drawings showing changes from the 
approved installation drawings and a copy of complete documentation for 
final installation of the liner. 

H. Quality Control Documentation: 

1. Prior to installation commencement of any liner material, the Contractor shall 
provide the following information certified by the Manufacturer for the 
delivered liner: 

a. Origin, identification, and production of the resin (supplier's name, brand 
name, and production plant). 

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

c. Each roll delivered to the project site shall have the following identification 
information: 

(1) Manufacturer's name 
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(2) Product identification 

(3) Thickness 

(4) Roll number 

d. Quality control certificates, signed by the Manufacturer's quality assurance 
manager.  Each certificate shall have roll identification number, sampling 
procedures, frequency, and test results.  At a minimum, the following test 
results shall be provided in accordance with test requirements specified in 
Appendix A: 

(1) Thickness 

(2) Density 

(3) Tensile properties 

(4) Tear resistance 

(5) Carbon black content 

(6) Carbon black dispersion 

I .Conformance Testing: 

1. Conformance testing shall be performed by an independent Quality Assurance 
Laboratory (QAL) approved by the Owner.  A representative from the QAL 
shall obtain one sample per 100,000 square feet or one per lot, whichever is 
more, and mark the machine direction and identification number.  The 
following conformance tests shall be conducted at the laboratory: 

a. Thickness 

b. Density 

c. Tensile properties 

d. Tear resistance 

e. Carbon black content 

f. Carbon black dispersion 

2. These conformance tests shall be performed in accordance with Appendix A.  
All costs for the initial conformance testing will be paid by the Owner. 
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3. All conformance test results shall be reviewed by Engineer and accepted or 
rejected, prior to the placement of the liner.  All test result shall meet, or 
exceed, the property values listed in Appendix A.  In case of failing test 
results, the Manufacturer may request that another sample be retested by the 
independent laboratory with Manufacturer's technical representative present 
during the testing procedures.  This retesting shall be paid for by the 
Manufacturer.  The Manufacturer may also have the sample retested at two 
different laboratories approved by the Owner.  If both laboratories report 
passing results, the material shall be accepted.  If either laboratory reports 
failing results, all liner material from the lot representing the failing sample 
will be considered out of specification and rejected. 

J. Field Quality Control: 

1. Start-up Testing 

a. A test weld 3 feet long from each welding machine shall be run upon the 
beginning of each shift and every four hours thereafter, under the same 
conditions as exist for the liner welding.  The test weld shall be marked 
with date, ambient temperature, and welding machine number.  A 
tensiometer shall be required to be onsite before and during liner 
installation for the purpose of testing samples.  Specimens of weld 1 inch 
wide shall be cut from the test weld and tested on site with the presence of 
the EFR for shear and peel strength in accordance with Appendix A, Table 
A2.  No welder may start work until the sample weld has been approved 
by the EFR. 

b. Test seams shall be performed under the same conditions as the actual 
seams and shall be at least 3 feet long and 1 foot wide after seaming.  Test 
seam for welding shall be cut out of the liner rolls. 

2. Nondestructive Seam Testing 

a. The installer shall perform nondestructive test on all field seams over their 
full length.  The purpose of this test is to assure continuity and integrity of 
the seams.  Vacuum and air pressure tests shall be used for nondestructive 
testing.  The vacuum test shall be used for extrusion welds and single track 
hot wedge welds.  The air pressure test shall be used for double track hot 
wedge welds. 

3. Vacuum Testing 

a. Equipment for testing single wedge fusion seams and extrusion seams shall 
be comprised of the following: 
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(1) A vacuum box assembly consisting of a rigid housing, a transparent 
viewing window, a soft rubber gasket attached to the bottom, port 
hole, or valve assembly and a vacuum gage. 

(2) A vacuum tank and pump assembly equipped with a pressure 
controller and pipe connections. 

(3) A rubber pressure/vacuum hose with fittings and connections. 

(4) A plastic bucket and wide paint brush. 

(5) A soapy solution. 

b. The following procedures shall be followed by the installer: 

(1) Excess sheet overlap shall be trimmed away. 

(2) Clean the window, gasket surfaces, and cheek for leaks. 

(3) Energize the vacuum pump and reduce the tank pressure to 
approximately 5 psi. 

(4) Wet a strip of liner approximately 12 inches by 48 inches (length of 
box) with the soapy solution. 

(5) Place the box over the wetted area and compress. 

(6) Close the bleed valve and open the vacuum valve. 

(7) Ensure that a leak-tight seal is created. 

(8) For a minimum period of ten seconds, examine the liner through the 
viewing window for the presence of soap bubbles. 

(9) If no bubbles appear after ten seconds, close the vacuum valve and 
open the bleed valve, move the box over the next adjoining area with 
a minimum of 3 inches overlap, and repeat the process. 

(10) All areas where soap bubbles appear shall be marked and repaired 
and then retested. 

c. If the seam cannot be tested prior to final installation, the seaming 
operations shall be observed by the EFR for uniformity and completeness. 

4. Air Pressure Testing (for double track fusion seams only) 

a. The following procedures are applicable to those processes which produce 
a double seam with an enclosed space. 
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b. Equipment for testing double fusion seams shall be comprised of the 
following: 

(1) An air pump equipped with pressure gage capable of generating and 
sustaining a pressure between 25 and 30 psi and mounted on a 
cushion to protect the liner. 

(2) A manometer equipped with a sharp hollow needle, or other 
approved pressure feed device. 

c. The following procedures shall be followed by the installer. 

(1) Seal both ends of the seam to be tested. 

(2) Insert needle or other approved pressure feed device into the tunnel 
created by the double wedge fusion weld. 

(3) Energize the air pump to a pressure between 25 and 30 psi, close 
valve and sustain pressure for at least five minutes. 

(4) If loss of pressure exceeds 4 psi, or pressure does not stabilize, locate 
faulty area, repair, and retest. 

(5) Remove needle or other approved pressure feed device and seal. 

d. Destructive seam testing shall be performed in accordance with Paragraph 
5. 

5. Destructive Seam Testing 

a. The purpose of the destructive testing is to evaluate seam strength 
properties.  A minimum of one test sample shall be obtained per 500 feet of 
performed seam length or one sample per crew per day whichever yields 
the largest number of samples.  The location of samples shall be 
determined by the EFR.  Selection of such locations may be prompted by 
suspicion of overheating, contamination, or other potential cause that may 
adversely impact the welds.  Sampling shall be performed by the installer.  
Testing of field samples shall be performed by the QAT as described 
herein. 

b. Sampling Procedures 

(1) Samples shall be cut by the installer at locations chosen by the EFR as 
the seaming progresses. 

(2) The seams shall not be covered by another material before they have 
been tested and accepted by EFR. 
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(3) Upon obtaining each sample, assign a number to the sample and 
mark it accordingly. 

(4) Record sample location on layout drawing. 

(5) Record purpose of the sample, statistical routine, or suspicious weld 
area. 

(6) Holes in the liner resulting from destructive seam testing shall be 
immediately repaired. 

c. Size and Disposition of Samples 

(1) Two types of samples shall be taken by the installer.  First, two 
samples for field testing shall be taken.  Each of these samples shall 
be cut with a 1 inch wide die, with the seam centered parallel to the 
width.  The distance between these two samples shall be 36 inches.  If 
both samples pass the field test, a sample for laboratory testing shall 
be taken. 

(2) The sample for laboratory testing shall be located between the 
samples for field testing.  The sample for laboratory testing shall be 
12 inches wide and 36 inches long with the seam centered 
lengthwise.  The sample shall be cut into three parts and distributed 
as follows: 

 One portion to the installer for optional laboratory testing, 12 
inches by 12 inches 

 One portion for Quality Assurance Laboratory testing, 12 inches 
by 12 inches 

 One portion to the Engineer for archive storage, 12 inches by 12 
inches 

K. Field Testing: 

1. The following shall be performed by the installer in the presence of the EFR. 

a. The installer shall cut ten 1-inch wide coupons specimens from the sample 
to be tested for shear and peel strength, in accordance with the criteria set 
in Appendix A, Table A2. 

b. The installer shall test five coupons for shear seam strength and five for 
peel strength.  Four out of the five coupons shall achieve passing results to 
deem the seam as acceptable. 
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c. Any specimen that fails through the weld or by fusion at the weld sheet 
interface is a non-film tearing bond (FTB) break and shall be considered a 
failure.   

L. Quality Assurance Laboratory Test: 

1. The installer shall package and ship destructive test samples to the 
independent Quality Assurance Laboratory (QAL) approved by the Owner. 

2. Laboratory test shall include shear and peel strength tests.  The minimum 
acceptable values obtained in these tests shall be in accordance with Appendix 
A, Table A2. 

3. The laboratory shall cut the sample to 1 inch wide coupons using die cast or 
other means.  At least ten coupons shall be cut for peel and shear test. 

4. Five coupons shall be tested each for shear and the other five shall be tested 
for peel strength.  A passing test shall meet the minimum required values in at 
least four of the five coupons tested for each method. 

5. The QAL shall provide verbal test results to the Engineer no more than 24 
hours after they receive the samples.  The Engineer shall review the laboratory 
results as soon as they become available. 

M. Procedures for Destructive Test Failure: 

1. The following procedures shall apply whenever a sample fails a destructive 
test.  The installer has two options. 

a. The installer can repair the seam between any two passing test locations. 

b. Two new samples shall be taken at a minimum of 10 feet on each side of 
the original failed sample.  These samples shall be sent to the QAL for 
testing.  Subsequent failure of test samples shall cause the testing to move 
further down the seam until the extent of the faulty seam has been 
determined. 

2. All acceptable repaired seams shall be bound by two passing locations.  In 
cases where repaired seam exceeds 150 feet, a sample taken from the zone in 
which the seam has been repaired must pass destructive testing.  Repairs shall 
be made in accordance with Paragraph N. 

3. The QAT shall document all actions taken in conjunction with destructive test 
failures. 
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N. Repair Procedures: 

1. Any portion of the liner exhibiting signs of defect, failing a destructive or a 
nondestructive test, shall be repaired.  Several procedures exist for the repair 
of these areas.  The final decision as to the appropriate repair procedure shall 
be made by the Engineer. 

2. The repair procedures available include: 

a. Patching, used to repair large holes, tears, undispersed raw materials and 
contamination by foreign matter. 

b. Spot welding or seaming, used to repair small tears, pinholes, or other 
minor, localized defects. 

c. Capping, used to repair large lengths of failed seams. 

d. Removing bad seam and replacing with a strip of new material welded in 
place. 

3. For any repair method, the following provisions shall be satisfied: 

a. Surfaces of the liner which are to be repaired using extrusion methods 
shall be abraded no more than one hour prior to the repair. 

b. All surfaces shall be clean and dry at the time of the repair. 

O. Repair Verification: 

1. Each repair shall be numbered and logged by the installer.  Each repair shall 
be nondestructively tested using the methods described in Paragraph J(2)(a) as 
appropriate.  Repairs which pass the nondestructive test shall be taken as an 
indication of an adequate repair.  Repairs more than 150 feet long may be of 
sufficient length to require destructive test sampling, at the discretion of the 
Engineer.  Failed test indicate that the repair shall be redone and retested until 
a passing test results are achieved.  The Engineer shall observe all 
nondestructive testing of repairs.  The installer shall record the number of each 
repair, date and test outcome. 
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Appendix  A 

Table A1 

Material Properties 
Textured High Density Polyethylene (HDPE) Liner 

Property Unit Limit Test Method Value 
Thickness mils   min. 1ASTM D751 60      
Density g/cc min. ASTM D1505 .940 
Tensile 
Properties 
(Each 
Direction) 

 1ASTM D638   

1. Yield 
Strength 

lb/in min.  140  

2. Break 
Strength 

1b/in min.  75 

3. Elongation 
at Yield 

% min.  13 

4. Elongation 
at Break 

% min.  150 

Tear 
Resistance   

1b min. ASTM D1004 45 

Puncture 
Resistance   

1b min. TMS 101 
Method 2065  

80  

Low 
Temperature  

C min. ASTM D746 (-77) 

Dimensional 
Stability  

%      max. ASTM D1204 
1 hour @ 100C 

+2.0 

Environmental 
Stress 
Crack 

hours min.    1ASTM D1693 1500 

Friction Angle 
Interface with 
GCL and 
Fabric Cushion  

  ASTM 5231 20.5o 

Carbon Black 
Content 

%     range ASTM D1603 2.0 to 3.0 

Carbon Black  
Dispersion 

N/A rating 1ASTM D3015 A1, A2, or B1 

1Test methods as modified in Annex A, NSF Standard 54, May 1991. 
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Table A2 

Factory and Field Seams Properties 

Textured High Density Polyethylene (HDPE) Liner 

Property Unit Test Method Minimum Value 
Bonded Shear Strength lb/in 1ASTM D4437 FTB and 120 
Seam Peel Adhesion lb/in 1ASTM D4437 FTB and 78 
1Test method as modified in Annex A, NSF Standard 54, May 1991.
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Appendix  B 

Forms 

 

 

The following forms are included and shall be completed by the responsible party as shown on the forms. 
 

Form No. Title 
  

CQC - 100 Liner Project QC Log 
CQC - 101 Receiving QC Log 
CQC - 102 Personnel QC Log 
CQC - 103 Subgrade Surface Acceptance 
CQC - 104 Daily QC Report Pre-weld Testing 
CQC - 105 LLDPE Liner Installation Tracking 

Log 
CQC - 106 Seaming Log 
CQC - 107 Patch Placement Log 
CQC - 108 Destructive Test Log 
CQC - 109 Damage and/or Failure Report 
CQC - 110 Protective Cover Daily Report 
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FORM CQC - 100 
LINER PROJECT QC LOG 

(one sheet per project) 
 

PROJECT 
 
NAME:   
 
NUMBER:   
 
LOCATION:   
 
OWNER:   
 
ADDRESS:   
 
CONTACT:         PHONE:   
 

ENGINEERING 
 
ENGINEERING FIRM:   
 
ADDRESS:   
 
CONTACT:         PHONE:   
 

CONTRACTOR 
 
GENERAL CONTRACTOR:   
 
ADDRESS:   
 
CONTACT:         PHONE:   
 

SUPPLIER OF LINER MATERIALS 
 
NAME:   
 
ADDRESS:   
 
CONTACT:         PHONE:   
 

QC INSPECTION 
 
NAME:   
 
ADDRESS:   
 
CONTACT:         PHONE:   
 

TESTING LABORATORY 
 
LINER TESTING LABORATORY:   
 
ADDRESS:   
 
CONTACT:         PHONE:   
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FORM CQC - 100 
LINER PROJECT QC LOG 

(one sheet per project) 
(Continued) 

 
 

FABRICATOR OF MATERIAL 
 
NAME:   
 
ADDRESS:   
 
CONTACT:   
 

INSTALLER OF MATERIAL 
 
NAME:   
 
ADDRESS:   
 
CONTACT:   
 
 LINER MATERIALS 
 
SPECIFIED LINER MATERIALS:      THICKNESS & TYPE:   
 
 MATERIAL CERTIFICATION 
 
MATERIAL CERTIFICATION RECEIVED:   
 
DATE:       ACCEPTED:   
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FORM CQC - 101 
RECEIVING QC LOG 

(one sheet per truck) 
 
 
 
PROJECT NAME:   
 
DATE:      TIME:     PROJECT NUMBER:   
 
TRUCKERS ID:   
 
NO. OF PIECES ON BOARD:      AGREE WITH PACKING LIST?   
 
CONDITION OF PACKAGING:   
 
VERIFY PROPER MATERIALS:      VERIFY PROPER THICKNESS:   
 
IDENTIFY ROLL NUMBERS:   
 
  
 
IDENTIFY ACCESSORIES (adhesive, battens, boots, etc.):   
 
  
 
IDENTIFY DAMAGED ITEMS:   
 
  
 
TYPE OF UNLOADING EQUIPMENT USED:   
 
OPERATOR:   
 
COMMENTS:   
 
  
 

STORAGE AREA 
 
CONDITION (surface):   
 
LOCATION TO PLACEMENT AREA:   
 
MATERIAL PROPERLY COVERED:   
 

WEATHER 
 
CONDITIONS:         TEMP:   
 
 SIGNATURES 
 
QC INSPECTOR:   
 
SITE SUPERVISOR:   
 

Use back for other comments 
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FORM CQC - 102 
PERSONNEL QC LOG 

(installation & field seaming personnel) 
(complete for each mobilization or change of personnel) 

 
 
PROJECT NAME:   
 
DATE:       PROJECT NUMBER:   
 
SAFETY MEETING CONDUCTED ON MATERIALS HANDLING:   
 
GIVEN BY:        DATE:   
 
SUPERINTENDENT OF INSTALLATION:   
 

SEAMING CREW PERSONNEL 
 
#1 CREW LEADER:        HELPER:   
 
#2 CREW LEADER:        HELPER:   
 
#3 CREW LEADER:        HELPER:   
 
#4 CREW LEADER:        HELPER:   
 
#5 CREW LEADER:        HELPER:   
 
#6 CREW LEADER:        HELPER:   
 
#7 CREW LEADER:        HELPER:   
 
#8 CREW LEADER:        HELPER:   
 

OTHER CREW MEMBERS 
 
NAME:        NAME:   
 
NAME:        NAME:   
 
NAME:        NAME:   
 
 
 
SIGNED:   

QC Inspector 
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FORM CQC - 103 
SURFACE ACCEPTANCE 

(once sheet per Day of Liner Deployment) 
 
 
1. Surface for liner placement accepted, covered by panel numbers:   
 

  
 

  
 

Approximate size of area:       
 
 

CERTIFICATE OF ACCEPTANCE 
OF SUBGRADE SOIL BY INSTALLER 

 
I the undersigned, duly authorized representative of        do hereby 
accept the soil surface as being acceptable for the placement of a geomembrane liner. 
 
 
 

              
Name  Signature  Title    Date 

 
 
Certificate Accepted by Inspector - Company:   
 
 

              
Name  Signature  Title    Date 

 
 
QC INSPECTOR:   
 
SITE SUPERVISOR:   
 
INSTALLING SUPERVISOR:   
 
 COMMENTS 
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FORM CQC - 104 
DAILY QC REPORT 

PRE-WELD TESTING 
 

 
DATE:      JOB NAME:        JOB NO.:       MATERIAL:   
 

TIME 
AMBIENT 

TEMP. WEATHER WIND TECH. 

MACHINE DESTRUCTIVE TEST 
PASS 
FAIL 

EFR 
INITIALS ID NO. TEMP. SPEED PEEL SHEAR 

                

                

                

                

                

                

                

                

                

                

                

                

                

                



 

A   

 

FORM CQC - 105 
LLDPE LINER INSTALLATION TRACKING LOG 

 

DATE PANEL NO. CELL NO. ROLL NO. LENGTH WIDTH SQUARE FT. 
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FORM CQC - 106 
SEAMING LOG 

(one sheet per day) 
 
DATE:      JOB NAME:        JOB NO.:       MATERIAL:   
 
AMBIENT TEMP.:  AM  PM     WIND:  AM  PM     WEATHER:  AM  PM   
 

 LOCATION INSTALLATION WEDGE WELD 
EXTRUSION 

WELD   

TIME 
SEAM 

NO. LENGTH TECH. 
MACH 
ID. NO. 

MACH. 
TEMP. SPEED 

START 
PSI 

FINISH 
PSI 

VAC. TEST
Y/N 

PASS/
FAIL COMMENTS 

            

            

            

            

            

            

            

            

            

            

            

            

 
COMMENTS:   
 
DAILY TOTALS:  Liner   sq. ft.,  Length Seamed    ft.,  No. Destructs marked      Anchor Trench:  Dug      
Accepted   
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FORM CQC - 107 
PATCH PLACEMENT LOG 

(one sheet per day) 
 
DATE:      JOB NAME:        JOB NO.:       MATERIAL:   
 
AMBIENT TEMP.:  AM  PM     WIND:  AM  PM     WEATHER:  AM  PM   
 

  INSTALLATION 
EXTRUSION 

WELD   

TIME 
PATCH 

NO. DESCRIPTION LOCATION TECH. 
MACH 
ID. NO. 

MACH. 
TEMP. 

VAC. TEST 
Y/N 

PASS/ 
FAIL COMMENTS 

         

         

         

         

         

         

         

         

         

         

         

 
COMMENTS:   
 
  
 
DAILY TOTALS:  Liner   sq. ft.,  Length Seamed   ft.,  No. Destructs marked   Anchor Trench:  Dug      Accepted     
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FORM CQC - 108 
DESTRUCTIVE TEST LOG 

 
JOB NAME:         JOB NO.:        MATERIAL:   
 

DATE CUT 
SAMPLE 

I.D. 
SEAM 

NO. 
MACH. ID 

NO. 
SEAMER 
INITIALS 

PEEL TEST 
LBS./INCH 

SHEAR TEST 
LBS./INCH 

PASS/ 
FAIL 

DATE TO LAB
PKG. SLIP NO. 

LAB 
PASS/FAIL 

LOCATION/ 
COMMENT 
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FORM CQC - 109 
DAMAGE AND/OR FAILURE REPORT 

 
 
JOB NAME:          JOB NO.:       PAGE:       
 

DATE PANEL 
NO. 

SEAM 
NO. 

LOCATION OF DAMAGE TYPE OF 
DAMAGE OR 

FAILURE 

TYPE OF 
REPAIR 

NEW SEAM 
NO. 

NEW PATCH 
NO. 

        

        

        

        

        

        

        

        

        

        

        

        

 
COMMENTS:   
 
  
 
  
 
  
 



 

A   

 

FORM CQC - 110 
PROTECTIVE COVER 

DAILY REPORT 
 
 
 
DATE:         JOB NAME:          JOB NUMBER:      
 
 

PANEL 
NO. 

CELL 
NO. 

SQUARE FEET 
INSTALLED 

HAULING 
EQUIPMENT 

SPREADING 
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Section 7 - Linear Low Density 
Polyethylene (LLDPE) Liner 
Construction Quality Assurance Plan 

This Section is intended to comply with Rule .1624(b)(9). 

7.1 Materials 
A. General: 

1. The liner shall be manufactured of new, prime first-quality products designed 
and manufactured specifically for the purpose of liquid containment in 
hydraulic structures and chemically resistant to leachate.  This minimum 
thickness of the LLDPE material shall be 40 mils. 

2. The liner material shall be so produced as to be free of holes, blisters, 
undispersed raw materials, or any sign of contamination by foreign matter.   

3. The sheets shall be manufactured in a minimum 15 foot seamless width.  
Labels on the roll shall identify the thickness, length, width, and 
Manufacturer's lot number. 

B. Properties: 

1. The liner rolls shall meet the minimum properties listed in Appendix A, Table 
A1. 

C. Other Materials: 

1. Extrudate welding rods shall be of the same compound as the liner and 
supplied by the Manufacturer and shall be delivered in the original sealed 
containers.  Each container shall have a label bearing the brand name, 
Manufacturer's lot number, and complete directions as to proper storage. 

D. Material Warranty: 

1. The LLDPE liner Manufacturer shall warrant the liner, on a prorated basis, against 
manufacturing defects and material degradation under outdoor exposure for a 
period of twenty years from the date of installation.  The Manufacturer shall 
replace at no expense any material which fails from the above causes within the 
warranty period.  The Manufacturer shall furnish a written warranty covering the 
requirements of this paragraph. 

7.2 Construction 
A. Clay Barrier Layer Preparation: 
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1. The surface of the clay barrier layer shall be smooth, uniform, free from 
sudden changes in grade (such as vehicular ruts), rocks, stones, debris, and 
deleterious materials.  During actual placing and seaming of the liner, the clay 
barrier layer shall be kept free of all standing water.  If the clay barrier layer  
below the liner becomes wet and unstable, it shall be dried and recompacted. 

2. Before the liner installation begins, the Contractor and installer shall verify in 
writing and submit to the Engineer: 

a. Lines and grades are in conformance with the Drawings and 
Specifications. 

b. The surface area to be lined has been rolled and compacted, free of 
irregularities and abrupt changes in grade. 

c. A survey verifying the thickness of the clay barrier layer is a minimum of 
18 inches. 

3. The Contractor shall not proceed with synthetic liner installation until a 
complete report on all clay barrier layer hydraulic conductivity tests and a 
survey verifying the clay barrier layer thickness has been submitted and 
approved by the Engineer.   

B. Liner Placement: 

1. Weather Conditions 

a. Liner placement shall not proceed at an ambient temperature below 40 
degrees F or above 104 degrees F unless otherwise authorized, in writing, 
by the Engineer or the Engineer's Field Representative (EFR).  Liner 
placement shall not be performed during precipitation, excessive moisture, 
in an area of ponded water, or excessive winds. 

2. Method of Placement 

a. Each panel of the liner shall be rolled out and installed in accordance with 
the approved shop drawings prepared by the Contractor.  The layout shall 
be designed to keep field joining of the LLDPE liner to a minimum and 
consistent with proper methods of LLDPE liner installation. 

b. Panels shall be oriented perpendicular to the toe of slope (i.e., down and 
not across slope). 

c. Liner rolls shall be placed using proper spreader and rolling bars with 
cloth slings.  If a sheet must be replaced a distance greater than its width, a 
slip sheet shall be used. 
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d. The EFR shall inspect each panel, after placement and prior to seaming, for 
damage and/or defects.  Defective or damaged panels shall be replaced or 
repaired, as approved by the Engineer. 

e. The installer shall avoid dragging the liner sheets on rough soil subgrades. 

f. All liner shall be anchored as shown on the Drawings and consistent with 
Manufacturer's recommendations. 

g. Personnel working on the liner shall not smoke, wear damaging shoes, or 
involve themselves in any activity that may damage the liner. 

h. The liner shall be properly weighted to avoid uplift due to wind. 

i. Vehicular traffic across the liner shall not be allowed.  

j. All damage shall be recorded and located on the record drawings. 

k. When tying into existing liner, all excavation of previously installed liner 
shall be performed by hand to prevent damage. 

l. The liner shall be kept free of debris, unnecessary tools and materials.  In 
general, the liner area shall remain neat in appearance. 

C. Field Seams: 

1. Individual panels of liner shall be laid out and overlapped by a minimum of 4 
inches prior to welding.  The area to be welded shall be cleaned and prepared 
in accordance with the quality control welding procedures. 

2. Double track hot wedge fusion welder shall be used for straight welds.   

3. Extrusion welder shall be used for cross seam tees, patches, and repairs and 
penetration boots. 

4. The welding equipment used shall be capable of continuously monitoring and 
controlling the temperatures in the zone of contract where the machine is 
actually fusing the liner material so as to ensure that changes in environmental 
conditions will not affect the integrity of the weld. 

5. No "fish mouths" will be allowed within the seam area.  Where "fish mouths" 
occur, the material shall be cut, overlapped, and a patch fusion weld shall be 
applied.  All welds upon completion of the work shall be tightly bonded.  Any 
liner area showing injury due to excessive scruffing, puncture, or distress from 
any cause shall be replaced or repaired with an additional piece of liner.  The 
number of patches per 100-foot length shall not exceed five.  If more than five 
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patches per 100-foot length are necessary, then the entire 100-foot length of 
seam shall be removed.  Further welding will cease at this time and the 
Engineer shall be notified. 

6. All seams shall have a seam number that corresponds with the panel layout 
numbers.  The numbering system shall be used in the development of the 
record drawings.  Seam numbers shall be derived from the combination of the 
two panel numbers that are to be welded together. 

7. All fusion welded "T" seams (i.e., the result of the liner panels placed 
perpendicular to each other) shall be double welded where possible.  The 
extrusion process shall be used for the second weld. 

8. All extrudate shall be free of dirt, dry, and protected from damage. 

9. If an extrusion welder is stopped for longer than one minute, it shall be 
purged to remove heat-degraded extrudate.  All purged extrudate shall be 
placed on a sacrificial sheet and disposed of. 

10. All seams constructed on sloped surfaces at or exceeding 4 to 1 shall be 
vertical seams.  Where horizontal seams are required on sideslope surfaces, a 
12-inch wide cap strip of the same synthetic material shall be placed on top of 
the horizontal seam and welded to the adjacent panels.  All cap strip seams 
shall be non-destructively tested. 

11. All vertical panels placed on sloped surfaces shall extend 5 feet inward from 
the toe of slope or edge of trench. 

12. All end seams shall be staggered a minimum of 5 feet in length between 
contiguous panels. 

13. To prevent moisture buildup during fusion welding, it may be necessary to 
place a movable protective layer of plastic directly below each overlap of liner 
that is to be seamed. 

14. If required, a firm substrate shall be provided by using a flat board or similar 
hard surface directly under the seam overlap to achieve proper support. 

15. All seams shall extend the full length of the panel (including the anchor 
trench). 

16. All factory seams, field seams, and repair welds shall meet seam strength 
requirements specified in Appendix A, Table A2. 

D. Normal Weather Conditions: 
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1. The normal required weather conditions for seaming are: 

a. Ambient temperature higher than 40 degrees F and lower than 104 degrees 
F. 

b. No seaming shall take place during precipitation or other excessive 
moisture, such as fog or dew. 

c. No seaming shall take place during excessive winds. 

E. Cold Weather Conditions: 

1. If the ambient temperature is below 40 degrees F, the following conditions 
shall be met to ensure quality seaming process: 

a. Preheating the surface of the liner to achieve normal temperature range. 

b. Preheating may be waived by the EFR if the installer demonstrates that 
satisfactory welds of equivalent quality may be obtained without 
preheating at the expected temperature of installation. 

c. Preheating devices shall be approved by the Manufacturer. 

d. Care shall be taken to assure that surface temperatures are not lowered 
below the minimum required surface temperature for welding due to 
winds. 

e. Additional destructive tests samples shall be taken at the discretion of the 
Engineer. 

f. Test seams shall be performed under the same ambient temperature 
conditions as the actual seams. 

F. Warm Weather Conditions: 

1. If the ambient temperature is above 104 degrees F, no seaming of liner shall be 
permitted unless the installer can demonstrate, to the satisfaction of the 
Engineer, that liner seam quality is not adversely impacted. 

2. Test seams shall be performed under the same ambient temperature 
conditions as the actual seams. 

3. Additional destructive tests shall be taken at the discretion of the Engineer. 

G. Anchor Trench: 



Section 7 
Linear Low Density Polyethylene (LLDPE) Liner 

 

A  7-6 

December 2004 

 

1. The anchor trench shall be constructed as shown on the Drawings and as 
specified herein.   

2. Slightly rounded corners shall be provided in the trench to avoid sharp bends 
in the liner. 

3. The anchor trench shall be adequately drained to prevent water pending and 
softening to adjacent soils.  The anchor trench shall be backfilled with local fill 
material and compacted to 90 percent standard proctor density, ASTI D698.  

4. If the anchor trench is located in a clay susceptible to desiccation, the amount 
of trench open at any time shall be limited to one day of liner installation 
capacity. 

H. Guarantee 

1. The Contractor shall guarantee the LLDPE liner against defects in installation 
and workmanship for the period of two years commencing with the date of 
final acceptance.  The guarantee shall include the services of qualified service 
technicians and all materials required for the repairs at no expense to the 
Owner. 

I. Disposal of Waste Material 

1. Upon completion of installation, the Contractor shall dispose of all trash, 
waste material, and equipment used in connection with the performed work 
and shall leave the premises in a neat and acceptable condition. 

7.3 Certification 
A. American Society for Testing and Materials (ASTI): 

1. ASTI D638   Standard Test Method for Tensile Properties of Plastics 

2. ASTI D746   Standard Test Method for Brittleness Temperature of Plastics and 
Elastomers by Impact 

3. ASTI D751   Standard Test Methods for Testing Coated Fabrics 

4. ASTI D792   Standard Test Methods for Density and Specific Gravity (Relative 
Density) of Plastics by Displacement 

5. ASTI D1004   Standard Test Method for Initial Tear Resistance of Plastic Film 
and Sheeting 

6. ASTI D1204   Standard Test Method for Linear Dimensional Changes of 
Nonrigid Thermoplastic Sheeting or Film at Elevated Temperature 
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7. ASTI D1238   Standard Test Method for Flow Rates of Thermoplastics by 
Extrusion Plastometer 

8. ASTI D1505   Standard Test Method for Density of Plastics by the Density-
Gradient Technique 

9. ASTI D1603   Standard Test Method for Carbon Black in Olefin Plastics 

10. ASTI D1693   Standard Test Method for Environmental Stress - Cracking of 
Ethylene Plastics 

11. ASTI D3015   Standard Practice for Microscopical Examination of Pigment 
Dispersion in Plastic Compounds 

12. ASTI D3895 - Standard Test Method for Copper-Induced Oxidative Induction 
Time of Polyolefins by Thermal Analysis 

13. ASTI D4437   Standard Practice for Determining the Integrity of Field Seams 
Used in Joining Flexible Polymetric Sheet Geomembranes 

B. Federal Test Method Standards (FTMS): 

1. FTMS 101 - Test Method For Puncture Resistance for Plastics 

C. National Sanitation Foundation (NSF): 

1. NSF 54 ANNEX - Modifications to ASTI Standard Test Methods Representing 
Industries Standard (noted in Appendix A) in joining flexible polymetric sheet 
geomembranes 

Where reference is made to one of the above standards, the revision in effect at the 
time of bid opening shall apply.  

D. Quality Assurance: 

1. In addition to manufacturer and installer requirements for qualifications and 
certification, the Quality Assurance consists of conformance testing of the 
material delivered to the site and field quality control during installation. 

2. The purpose of conformance testing is to assure that the supplied material 
conforms to the specifications and to the Manufacturer's quality control 
certificates. 

3. The purpose of field quality control procedures is to assure that the liner has 
been installed in accordance with the specifications and Manufacturer's 
recommendations. 



Section 7 
Linear Low Density Polyethylene (LLDPE) Liner 

 

A  7-8 

December 2004 

 

E. Quality Control Plan: 

1. The forms in Appendix B for liner quality control documentation shall be used 
for field installation documentation.  Alternative forms may be used for 
documentation as approved by the Engineer. 

F. Geomembrane Quality Control Documentation 

1. Pre-installation Conference 

a. Prior to commencing work, a pre-installation conference shall be held and 
the following project personnel shall be identified by name and recorded 
in the project files:(1) Owner's Representative   (OR) 

(2) Field Installation Manager   (FIM) 

(3) Engineer's Field Representative  (EFR) 

(4) Installation Supervisor   (IS) 

(5) Master Seamer    (MS) 

(6) Contractor's Representative  (CR) 

(7) Quality Assurance Laboratory  (QAL) 

b. Two duplicate project files shall be maintained.  One shall be maintained 
by the EFR and the other shall be maintained by the FIM.  At the end of 
each work week, the files shall be updated and checked to ensure that 
copies of all pertinent project information is included in each file. 

c. Blank copies of the following ten project forms shall be available onsite 
throughout the duration of the project: 

Form No. Title 
1 Startup 
2 Liner Pre-Delivery 
3 Liner Delivery 
4 Daily Checklist 
5 Liner Panel Placement 
6 Onsite Liner Welding Report 
7 Damage and Failure Report 
8 In-Situ Weld Testing Report 
9 Post Installation Checklist 

10 Daily Field Log 
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G. Record Drawings: 

1. The Contractor shall furnish record drawings showing changes from the 
approved installation drawings and a copy of complete documentation for 
final installation of the liner. 

H. Quality Control Documentation: 

1. Prior to installation commencement of any liner material, the Contractor shall 
provide the following information certified by the Manufacturer for the 
delivered liner: 

a. Origin, identification, and production of the resin (supplier's name, brand 
name, and production plant). 

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

c. Each roll delivered to the project site shall have the following identification 
information: 

(1) Manufacturer's name 

(2) Product identification 

(3) Thickness 

(4) Roll number 

d. Quality control certificates, signed by the Manufacturer's quality assurance 
manager.  Each certificate shall have roll identification number, sampling 
procedures, frequency, and test results.  At a minimum, the following test 
results shall be provided in accordance with test requirements specified in 
Appendix A: 

(1) Thickness 

(2) Density 

(3) Tensile properties 

(4) Tear resistance 

(5) Carbon black content 

(6) Carbon black dispersion 

I. Conformance Testing: 
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1. Conformance testing shall be performed by an independent Quality Assurance 
Laboratory (QAL) approved by the Owner.  A representative from the QAL 
shall obtain the samples from the roll and mark the machine direction and 
identification number.  The following conformance tests shall be conducted at 
the laboratory: 

a. Thickness 

b. Density 

c. Tensile properties 

d. Tear resistance 

e. Carbon black content 

f. Carbon black dispersion 

2. These conformance tests shall be performed in accordance with Appendix A.  
All costs for the initial conformance testing will be paid by the Owner. 

3. All conformance test results shall be reviewed by Engineer and accepted or 
rejected, prior to the placement of the liner.  All test result shall meet, or 
exceed, the property values listed in Appendix A.  In case of failing test 
results, the Manufacturer may request that another sample be retested by the 
independent laboratory with Manufacturer's technical representative present 
during the testing procedures.  This retesting shall be paid for by the 
Manufacturer.  The Manufacturer may also have the sample retested at two 
different laboratories approved by the Owner.  If either laboratory reports 
failing results, the material shall be accepted.  If both laboratories do not report 
passing results, all liner material from the lot representing the failing sample 
will be considered out of specification and rejected. 

J. Field Quality Control: 

1. Start-up Testing 

a. A test weld 3 feet long from each welding machine shall be run upon the 
beginning of each shift and every four hours thereafter, under the same 
conditions as exist for the liner welding.  The test weld shall be marked 
with date, ambient temperature, and welding machine number.  A 
tensiometer shall be required to be onsite before and during liner 
installation for the purpose of testing samples.  Specimens of weld 1 inch 
wide shall be cut from the test weld and tested on site with the presence of 
the EFR for shear and peel strength in accordance with Appendix A, Table 
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B2.  No welder may start work until the sample weld has been approved 
by the EFR. 

b. Test seams shall be performed under the same conditions as the actual 
seams and shall be at least 3 feet long and 1 foot wide after seaming.  Test 
seam for welding shall be cut out of the liner rolls. 

2. Nondestructive Seam Testing 

a. The installer shall perform nondestructive tests on all field seams over 
their full length.  The purpose of this test is to assure continuity and 
integrity of the seams.  Vacuum and air pressure tests shall be used for 
nondestructive testing.  The vacuum test shall be used for extrusion welds 
and single track hot wedge welds.  The air pressure test shall be used for 
double track hot wedge welds. 

3. Vacuum Testing 

a. Equipment for testing single wedge fusion seams and extrusion seams 
shall be comprised of the following: 

(1) A vacuum box assembly consisting of a rigid housing, a transparent 
viewing window, a soft rubber gasket attached to the bottom, port 
hole, or valve assembly and a vacuum gage. 

(2) A vacuum tank and pump assembly equipped with a pressure 
controller and pipe connections. 

(3) A rubber pressure/vacuum hose with fittings and connections. 

(4) A plastic bucket and wide paint brush. 

(5) A soapy solution. 

b. The following procedures shall be followed by the installer: 

(1) Excess sheet overlap shall be trimmed away. 

(2) Clean the window, gasket surfaces, and cheek for leaks. 

(3) Energize the vacuum pump and reduce the tank pressure to 
approximately 5 psi. 

(4) Wet a strip of liner approximately 12 inches by 48 inches (length of 
box) with the soapy solution. 

(5) Place the box over the wetted area and compress. 
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(6) Close the bleed valve and open the vacuum valve. 

(7) Ensure that a leak-tight seal is created. 

(8) For a minimum period of ten seconds, examine the liner through the 
viewing window for the presence of soap bubbles. 

(9) If no bubbles appear after ten seconds, close the vacuum valve and 
open the bleed valve, move the box over the next adjoining area with 
a minimum of 3 inches overlap, and repeat the process. 

(10) All areas where soap bubbles appear shall be marked and repaired 
and then retested. 

c. If the seam cannot be tested prior to final installation, the seaming 
operations shall be observed by the EFR for uniformity and completeness. 

4. Air Pressure Testing (for double track fusion seams only) 

a. The following procedures are applicable to those processes which produce 
a double seam with an enclosed space. 

b. Equipment for testing double fusion seams shall be comprised of the 
following: 

(1) An air pump equipped with pressure gage capable of generating and 
sustaining a pressure between 25 and 30 psi and mounted on a 
cushion to protect the liner. 

(2) A manometer equipped with a sharp hollow needle, or other 
approved pressure feed device. 

c. The following procedures shall be followed by the installer. 

(1) Seal both ends of the seam to be tested. 

(2) Insert needle or other approved pressure feed device into the tunnel 
created by the double wedge fusion weld. 

(3) Energize the air pump to a pressure between 25 and 30 psi, close 
valve and sustain pressure for at least five minutes. 

(4) If loss of pressure exceeds 4 psi, or pressure does not stabilize, locate 
faulty area, repair, and retest. 

(5) Remove needle or other approved pressure feed device and seal. 
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d. Destructive seam testing shall be performed in accordance with Paragraph 
5. 

5. Destructive Seam Testing 

a. The purpose of the destructive testing is to evaluate seam strength 
properties.  A minimum of one test sample shall be obtained per 500 feet of 
performed seam length or one sample per crew per day whichever yields 
the largest number of samples.  The location of samples shall be 
determined by the EFR.  Selection of such locations may be prompted by 
suspicion of overheating, contamination, or other potential cause that may 
adversely impact the welds.  Sampling shall be performed by the installer.  
Testing of field samples shall be performed by the QAT as described 
herein. 

b. Sampling Procedures 

(1) Samples shall be cut by the installer at locations chosen by the EFR as 
the seaming progresses. 

(2) The seams shall not be covered by another material before they have 
been tested and accepted by EFR. 

(3) Upon obtaining each sample, assign a number to the sample and 
mark it accordingly. 

(4) Record sample location on layout drawing. 

(5) Record purpose of the sample, statistical routine, or suspicious weld 
area. 

(6) Holes in the liner resulting from destructive seam testing shall be 
immediately repaired. 

c. Size and Disposition of Samples 

(1) Two types of samples shall be taken by the installer.  First, two 
samples for field testing shall be taken.  Each of these samples shall 
be cut with a 1 inch wide die, with the seam centered parallel to the 
width.  The distance between these two samples shall be 36 inches.  If 
both samples pass the field test, a sample for laboratory testing shall 
be taken. 

(2) The sample for laboratory testing shall be located between the 
samples for field testing.  The sample for laboratory testing shall be 
12 inches wide and 36 inches long with the seam centered 
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lengthwise.  The sample shall be cut into three parts and distributed 
as follows: 

 One portion to the installer for optional laboratory testing, 12 
inches by 12 inches 

 One portion for Quality Assurance Laboratory testing, 12 inches 
by 12 inches 

 One portion to the Engineer for archive storage, 12 inches by 12 
inches 

K. Field Testing: 

1. The following shall be performed by the installer in the presence of the EFR. 

a. The installer shall cut ten 1-inch wide coupons specimens from the sample 
to be tested for shear and peel strength, in accordance with the criteria set 
in Appendix A, Table A2. 

b. The installer shall test five coupons for shear seam strength and five for 
peel strength.  Four out of the five coupons shall achieve passing results to 
deem the seam as acceptable. 

c. Any specimen that fails through the weld or by fusion at the weld sheet 
interface is a non-film tearing bond (FTB) break and shall be considered a 
failure.   

L. Quality Assurance Laboratory Test: 

1. The installer shall package and ship destructive test samples to the 
independent Quality Assurance Laboratory (QAL) approved by the Owner. 

2. Laboratory test shall include shear and peel strength tests.  The minimum 
acceptable values obtained in these tests shall be in accordance with Appendix 
A, Table A2. 

3. The laboratory shall cut the sample to 1 inch wide coupons using die cast or 
other means.  At least ten coupons shall be cut for peel and shear test. 

4. Five coupons shall be tested each for shear and the other five shall be tested 
for peel strength.  A passing test shall meet the minimum required values in at 
least four of the five coupons tested for each method. 
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5. The QAL shall provide verbal test results to the Engineer no more than 24 
hours after they receive the samples.  The Engineer shall review the laboratory 
results as soon as they become available. 

M. Procedures for Destructive Test Failure: 

1. The following procedures shall apply whenever a sample fails a destructive 
test.  The installer has two options. 

a. The installer can repair the seam between any two passing test locations. 

b. Two new samples shall be taken at a minimum of 10 feet on each side of 
the original failed sample.  These samples shall be sent to the QAL for 
testing.  Subsequent failure of test samples shall cause the testing to move 
further down the seam until the extent of the faulty seam has been 
determined. 

2. All acceptable repaired seams shall be bound by two passing locations.  In 
cases where repaired seam exceeds 150 feet, a sample taken from the zone in 
which the seam has been repaired must pass destructive testing.  Repairs shall 
be made in accordance with Paragraph N. 

3. The QAT shall document all actions taken in conjunction with destructive test 
failures. 

N. Repair Procedures: 

1. Any portion of the liner exhibiting signs of defect, failing a destructive or a 
nondestructive test, shall be repaired.  Several procedures exist for the repair 
of these areas.  The final decision as to the appropriate repair procedure shall 
be made by the Engineer. 

2. The repair procedures available include: 

a. Patching, used to repair large holes, tears, undispersed raw materials and 
contamination by foreign matter. 

b. Spot welding or seaming, used to repair small tears, pinholes, or other 
minor, localized defects. 

c. Capping, used to repair large lengths of failed seams. 

d. Removing bad seam and replacing with a strip of new material welded in 
place. 

3. For any repair method, the following provisions shall be satisfied: 
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a. Surfaces of the liner which are to be repaired using extrusion methods 
shall be abraded no more than one hour prior to the repair. 

b. All surfaces shall be clean and dry at the time of the repair. 

O. Repair Verification: 

1. Each repair shall be numbered and logged by the installer.  Each repair shall 
be nondestructively tested using the methods described in Paragraph J(2)(a) as 
appropriate.  Repairs which pass the nondestructive test shall be taken as an 
indication of an adequate repair.  Repairs more than 150 feet long may be of 
sufficient length to require destructive test sampling, at the discretion of the 
Engineer.  Failed test indicate that the repair shall be redone and retested until 
a passing test results are achieved.  The Engineer shall observe all 
nondestructive testing of repairs.  The installer shall record the number of each 
repair, date and test outcome.
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Appendix A 

Table A1 

Material Properties 

Linear Low Density Polyethylene (LLDPE) Geomembrane 

Property Unit Value Test Method Thickness 
40 60 

Thickness mils min. 
avg. 

1ASTM D751 40 60 

Thickness mils min. 1ASTM D751  38 57 
Density g/cc min.  ASTI D1505  ----0.930---- 
Tensile 
Properties 
(Each Direction) 

  1ASTM D638   

1. Break  
   Strength 

1b/in   min.  152  228 

2. Elongation at Break2  %  min.   750 750 

Tear  1b min. ASTI D1004 24 35 
Resistance      
Puncture  
Resistance 

lb min. FTMS 101 
Method 2065 

58 87 

Low  
Temperature 

C max. ASTI D746 ----(-60)---- 

Dimensional 
Stability 

% max. ASTI D1204 
1 hour @ 1080 

----+3.----- 

Carbon Black 
Content 

% range ASTI D1603 --2.0 to 3.0-- 

Carbon Black 
Dispersion 

N/A rating 1ASTM D3015 --A1, A2 or B1-- 

1Test methods as modified in Annex A, NSF Standard 54, May 1991. 

22.0" gage or extensometer 
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Table A2 

Factory and Field Seams Properties 

Linear Low Density Polyethylene (LLDPE) Geomembrane 

         Specified Thickness 

Property  Unit  Test Method  40 60  

Bonded Shear  lb/in  1ASTM D4437  FTB FTB  
Strength       and and  
        44 66  

Seam Peel   lb/in  1ASTM D4437  FTB FTB  
Adhesion       and and  
        40 60 

1Test method as modified in Annex A, NSF Standard 54, May 1991.
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Appendix  B 

Forms 

 

The following forms are included and shall be completed by the responsible party as shown on the forms. 
 

Form No. Title 
  

CQC - 100 Liner Project QC Log 
CQC - 101 Receiving QC Log 
CQC - 102 Personnel QC Log 
CQC - 103 Subgrade Surface Acceptance 
CQC - 104 Daily QC Report Pre-weld Testing 
CQC - 105 LLDPE Liner Installation Tracking 

Log 
CQC - 106 Seaming Log 
CQC - 107 Patch Placement Log 
CQC - 108 Destructive Test Log 
CQC - 109 Damage and/or Failure Report 
CQC - 110 Protective Cover Daily Report 
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FORM CQC - 100 
LINER PROJECT QC LOG 

(one sheet per project) 
 

PROJECT 
 
NAME:   
 
NUMBER:   
 
LOCATION:   
 
OWNER:   
 
ADDRESS:   
 
CONTACT:         PHONE:   
 

ENGINEERING 
 
ENGINEERING FIRM:   
 
ADDRESS:   
 
CONTACT:         PHONE:   
 

CONTRACTOR 
 
GENERAL CONTRACTOR:   
 
ADDRESS:   
 
CONTACT:         PHONE:   
 

SUPPLIER OF LINER MATERIALS 
 
NAME:   
 
ADDRESS:   
 
CONTACT:         PHONE:   
 

QC INSPECTION 
 
NAME:   
 
ADDRESS:   
 
CONTACT:         PHONE:   
 

TESTING LABORATORY 
 
LINER TESTING LABORATORY:   
 
ADDRESS:   
 
CONTACT:         PHONE:   
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FORM CQC - 100 
LINER PROJECT QC LOG 

(one sheet per project) 
(Continued) 

 
 

FABRICATOR OF MATERIAL 
 
NAME:   
 
ADDRESS:   
 
CONTACT:   
 

INSTALLER OF MATERIAL 
 
NAME:   
 
ADDRESS:   
 
CONTACT:   
 
 LINER MATERIALS 
 
SPECIFIED LINER MATERIALS:      THICKNESS & TYPE:   
 
 MATERIAL CERTIFICATION 
 
MATERIAL CERTIFICATION RECEIVED:   
 
DATE:       ACCEPTED:   
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FORM CQC - 101 
RECEIVING QC LOG 

(one sheet per truck) 
 
 
 
PROJECT NAME:   
 
DATE:      TIME:     PROJECT NUMBER:   
 
TRUCKERS ID:   
 
NO. OF PIECES ON BOARD:      AGREE WITH PACKING LIST?   
 
CONDITION OF PACKAGING:   
 
VERIFY PROPER MATERIALS:      VERIFY PROPER THICKNESS:   
 
IDENTIFY ROLL NUMBERS:   
 
  
 
IDENTIFY ACCESSORIES (adhesive, battens, boots, etc.):   
 
  
 
IDENTIFY DAMAGED ITEMS:   
 
  
 
TYPE OF UNLOADING EQUIPMENT USED:   
 
OPERATOR:   
 
COMMENTS:   
 
  
 

STORAGE AREA 
 
CONDITION (surface):   
 
LOCATION TO PLACEMENT AREA:   
 
MATERIAL PROPERLY COVERED:   
 

WEATHER 
 
CONDITIONS:         TEMP:   
 
 SIGNATURES 
 
QC INSPECTOR:   
 
SITE SUPERVISOR:   
 

Use back for other comments 
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FORM CQC - 102 
PERSONNEL QC LOG 

(installation & field seaming personnel) 
(complete for each mobilization or change of personnel) 

 
 
PROJECT NAME:   
 
DATE:       PROJECT NUMBER:   
 
SAFETY MEETING CONDUCTED ON MATERIALS HANDLING:   
 
GIVEN BY:        DATE:   
 
SUPERINTENDENT OF INSTALLATION:   
 

SEAMING CREW PERSONNEL 
 
#1 CREW LEADER:        HELPER:   
 
#2 CREW LEADER:        HELPER:   
 
#3 CREW LEADER:        HELPER:   
 
#4 CREW LEADER:        HELPER:   
 
#5 CREW LEADER:        HELPER:   
 
#6 CREW LEADER:        HELPER:   
 
#7 CREW LEADER:        HELPER:   
 
#8 CREW LEADER:        HELPER:   
 

OTHER CREW MEMBERS 
 
NAME:        NAME:   
 
NAME:        NAME:   
 
NAME:        NAME:   
 
 
 
SIGNED:   

QC Inspector 
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FORM CQC - 103 
SURFACE ACCEPTANCE 

(once sheet per Day of Liner Deployment) 
 
 
1. Surface for liner placement accepted, covered by panel numbers:   
 

  
 

  
 

Approximate size of area:       
 
 

CERTIFICATE OF ACCEPTANCE 
OF SUBGRADE SOIL BY INSTALLER 

 
I the undersigned, duly authorized representative of        do hereby 
accept the soil surface as being acceptable for the placement of a geomembrane liner. 
 
 
 

              
Name  Signature  Title    Date 

 
 
Certificate Accepted by Inspector - Company:   
 
 

              
Name  Signature  Title    Date 

 
 
QC INSPECTOR:   
 
SITE SUPERVISOR:   
 
INSTALLING SUPERVISOR:   
 
 COMMENTS 
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FORM CQC - 104 
DAILY QC REPORT 

PRE-WELD TESTING 
 

 
DATE:      JOB NAME:        JOB NO.:       MATERIAL:   
 

TIME 
AMBIENT 

TEMP. WEATHER WIND TECH. 

MACHINE DESTRUCTIVE TEST 
PASS 
FAIL 

EFR 
INITIALS ID NO. TEMP. SPEED PEEL SHEAR 
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FORM CQC - 105 
LLDPE LINER INSTALLATION TRACKING LOG 

 

DATE PANEL NO. CELL NO. ROLL NO. LENGTH WIDTH SQUARE FT. 
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FORM CQC - 106 
SEAMING LOG 

(one sheet per day) 
 
DATE:      JOB NAME:        JOB NO.:       MATERIAL:   
 
AMBIENT TEMP.:  AM  PM     WIND:  AM  PM     WEATHER:  AM  PM   
 

 LOCATION INSTALLATION WEDGE WELD 
EXTRUSION 

WELD   

TIME 
SEAM 

NO. LENGTH TECH. 
MACH 
ID. NO. 

MACH. 
TEMP. SPEED 

START 
PSI 

FINISH 
PSI 

VAC. TEST
Y/N 

PASS/
FAIL COMMENTS 

            

            

            

            

            

            

            

            

            

            

            

            

 
COMMENTS:   
 
DAILY TOTALS:  Liner   sq. ft.,  Length Seamed    ft.,  No. Destructs marked      Anchor Trench:  Dug      
Accepted   
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FORM CQC - 107 
PATCH PLACEMENT LOG 

(one sheet per day) 
 
DATE:      JOB NAME:        JOB NO.:       MATERIAL:   
 
AMBIENT TEMP.:  AM  PM     WIND:  AM  PM     WEATHER:  AM  PM   
 

  INSTALLATION 
EXTRUSION 

WELD   

TIME 
PATCH 

NO. DESCRIPTION LOCATION TECH. 
MACH 
ID. NO. 

MACH. 
TEMP. 

VAC. TEST 
Y/N 

PASS/ 
FAIL COMMENTS 

         

         

         

         

         

         

         

         

         

         

         

 
COMMENTS:   
 
  
 
DAILY TOTALS:  Liner   sq. ft.,  Length Seamed   ft.,  No. Destructs marked   Anchor Trench:  Dug      Accepted     
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FORM CQC - 108 
DESTRUCTIVE TEST LOG 

 
JOB NAME:         JOB NO.:        MATERIAL:   
 

DATE CUT 
SAMPLE 

I.D. 
SEAM 

NO. 
MACH. ID 

NO. 
SEAMER 
INITIALS 

PEEL TEST 
LBS./INCH 

SHEAR TEST 
LBS./INCH 

PASS/ 
FAIL 

DATE TO LAB
PKG. SLIP NO. 

LAB 
PASS/FAIL 

LOCATION/ 
COMMENT 

               

               

               

               

               

               

               

               

               

               

               

               

               

               

               

               

               

               

 



 

A   

 

FORM CQC - 109 
DAMAGE AND/OR FAILURE REPORT 

 
 
JOB NAME:          JOB NO.:       PAGE:       
 

DATE PANEL 
NO. 

SEAM 
NO. 

LOCATION OF DAMAGE TYPE OF 
DAMAGE OR 

FAILURE 

TYPE OF 
REPAIR 

NEW SEAM 
NO. 

NEW PATCH 
NO. 

        

        

        

        

        

        

        

        

        

        

        

        

 
COMMENTS:   
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FORM CQC - 110 
PROTECTIVE COVER 

DAILY REPORT 
 
 
 
DATE:         JOB NAME:          JOB NUMBER:      
 
 

PANEL 
NO. 

CELL 
NO. 

SQUARE FEET 
INSTALLED 

HAULING 
EQUIPMENT 

SPREADING 
EQUIPMENT COMMENTS 
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Section 8 - High Density Polyethylene 
(HDPE) Pipe 
Construction Quality Assurance Plan 

This Section is intended to comply with Rule .1624(b)(10) covering leachate collection 
pipes. 

8.1 Materials 
A. High Density Polyethylene (HDPE) Pipe: 

1. High density polyethylene (HDPE) pipe resins shall be high molecular weight, 
high density polyethylene with a cell classification number of 345434C in 
accordance with ASTM D3350.  

2. All polyethylene pipe shall meet the requirements of ASTM F714. 

3. The pipe shall be joined with butt, heat fusion joints.  All joints shall be made 
in strict compliance with the Manufacturer's recommendations. 

4. Pipe shall be furnished in standard laying lengths not exceeding 50 feet. 

5. All high density polyethylene pipe and fittings shall be made from the same 
resin. 

B. Pipe Identification: 

1. The following shall be continuously printed on the pipe or spaced at intervals 
not exceeding 5 feet:  

a. Name and/or trademark of the pipe manufacturer. 

b. Nominal pipe size. 

c. Dimension ratio. 

d. The letters PE followed by the polyethylene grade in accordance with 
ASTM D1248, followed by the hydrostatic design basis in 100s of psi, e.g., 
PE 3408. 

e. Manufacturing standard reference, e.g., ASTM F714. 

f. A production code from which the date and place of manufacture can be 
determined. 
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C. Perforations: 

1. The leachate collection pipes inside the lined area, as shown on the Drawings, 
shall be perforated.  The perforations shall be drilled into the pipe after 
manufacture, as shown on the Drawings.  The perforated pipe shall have two 
rows of holes 1/2 inch in diameter on 6-inch centers, with allowable tolerances 
1/16-inch on the diameter plus 1/4-inch on the spacing and the rows shall be 
parallel to the axis of the pipe and 120 degrees (plus or minus 5 degrees) apart.  
In addition, holes shall be located on the vertical axis at the bottom. 

2. The perforations shall be covered with tape compatible to the pipe material 
upon delivery to prevent soil material from entering the  pipe prior to 
installation. 

D. Gate Valves for HDPE Pipe: 

1. Gate valves for HDPE pipe shall be PVC Type 1, flanged end, non-rising stem 
with stem extensions and 2-inch square operating nut.  There shall be no metal 
to media contact anywhere on the valve.  Valves shall come with an indicator 
to show the position of the cylindrical gate. 

2. Gate valves shall be as manufactured by Asahi/America or equal. 

8.2 Construction  
A. Installation 

1. High density polyethylene (HDPE) pipe shall be installed in accordance with 
the instruction of the Manufacturer, as shown on the Drawings and as 
specified herein.  All heat fusion joints shall be done by a factory qualified 
joining technician as designated by the pipe Manufacturer. 

2. Pipe shall be laid to lines and grade shown on the Drawings with bedding and 
backfill as shown on the Drawings.  The tape covering the perforations shall be 
removed during installation.  The pipe shall be installed such that perforations 
face the bottom of trench. 

3. When laying is not in progress, including lunchtime, the open ends of the pipe 
shall be closed by fabricated plugs, or by other approved means.  All plugs 
shall be OD fitting type plugs.  No plugs will be allowed that require insertion 
of the plug into pipe. 

4. Pipe shall be stored on clean level ground to prevent undue scratching or 
gouging.  The handling of the pipe shall be in such a manner that the pipe is 
not damaged by dragging it over sharp and cutting objects.  The maximum 
allowable depth of cuts, scratches or gouges on the exterior of the pipe is 10 
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percent of wall thickness.  The interior pipe surface shall be free of cuts, 
gouges or scratches. 

5. Sections of pipe with cuts, scratches, or gouges deeper than allowed shall be 
removed completely and the ends of the pipeline rejoined.  

6. The pipe shall be joined by the method of thermal butt fusion, as outlined in 
ASTM D2657.  All joints shall be made in strict compliance with the 
Manufacturer's recommendations. 

7. Mechanical connections of the polyethylene pipe to auxiliary equipment such 
as valves, pumps and tanks shall be through flanged connections which shall 
consist of the following: 

a. A stainless steel back-up, polyethylene flange shall be thermally butt-fused 
to the stub end of the pipe. 

b. A 316 stainless steel back up ring on both sides of the connection shall be 
used as approved by the Engineer. 

8. Flange connections shall be provided with a full face neoprene gasket. 

9. All HDPE pipe must be at the temperature of the surrounding soil at the time 
of backfilling and compaction. 

10. All installation of pipe must be observed and accepted by the Engineer's 
representative prior to any backfilling. 

B. Cleaning: 

1. At the conclusion of the work, thoroughly clean all of the new pipe lines to 
remove all dirt, stones, pieces of wood, or other material which may have 
entered during the construction period.  Debris cleaned from the lines shall be 
removed from the job site.  If, after this cleaning, any obstructions remain, they 
shall be removed. 

8.3 Certification 
A. The pipe material Manufacturer shall provide an unconditional extended 

warranty for the pipe covering the cost of materials for repair or replacement plus 
installation manpower should the pipe fail within the warranty period.  The 
Manufacturer's extended warranty shall be for ten years after the final acceptance 
of the project by the Owner.  The Manufacturer shall guarantee that the pipe 
furnished is suitable for the purpose intended and free from defects of material 
and workmanship for the duration of the extended warranty.  In the event the 
pipe fails to perform as specified, the pipe Manufacturer shall promptly replace 
defective pipe without any cost to the Owner. 
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B. Resin Evaluation: 

1. All incoming resin shall be sampled for conformance testing against test 
results supplied by the resin Manufacturer.  Samples shall be taken from the 
top and bottom of each compartment from every hopper car received.  The 
following conformance tests shall be performed on the sampler: 

a. Melt flow index (ASTM D1238) 

b. Density (ASTM D1505) 

c. The results of these tests shall become part of the manufacturer's 
permanent quality control records. 

C. Finished Product Evaluation: 

1. Each length of pipe produced shall be checked by production staff for the 
items listed below.  The results of all measurements shall be recorded on 
production sheets which become part of the Manufacturer's permanent 
records. 

a. Pipe in process shall be checked visually, inside and out for cosmetic 
defects (grooves, pits, hollows, etc). 

b. Pipe outside diameter shall be measured using a suitable periphery tape to 
ensure conformance with ASTM F714. 

c. Pipe wall thickness shall be measured at 12 equally spaced locations 
around the circumference at both ends of the pipe to ensure conformance 
with ASTM F714. 

d. Pipe length shall be measured. 

e. Pipe marking shall be examined and checked for accuracy. 

f. Pipe ends shall be checked to ensure they are cut square and clean. 

g. Subject inside surface to a "reverse bend test" to ensure the pipe is free of 
oxidation (brittleness). 

D. Stress Regression Testing: 

1. The polyethylene pipe Manufacturer shall provide certification that stress 
regression testing has been performed on the specific polyethylene resin being 
utilized in the manufacture of this product.  This stress regression testing shall 
have been done in accordance with ASTM D2837 and the Manufacturer shall 



Section 8 
High Density Polyethylene (HDPE) Pipe 

 
 

A  8-5 

December 2004 

 

provide a product supplying a minimum Hydrostatic Design Basis (HDB) of 
1,600 psi as determined in accordance with ASTM D2837. 

E. Testing: 

1. All non-perforated pipe shall be field tested.  The Contractor shall supply all 
labor, equipment, material, gages, pumps, meters, and incidentals required for 
testing.   

2. All non-perforated pipe shall be tested at a pressure of 15 psi.  The test 
pressure shall be measured at the highest point along the test section by a 
recording type pressure gage and a copy of the readout shall be submitted to 
the Engineer upon completion of the test.  All testing shall be conducted in the 
presence of the Engineer or his/her designated representative. 

3. Testing shall be conducted after backfilling has been completed and before 
placement of permanent surface. 

4. Testing procedure shall be as follows: 

a. Fill line slowly with water.  Maintain flow velocity less than two feet per 
second. 

b. Expel air completely from the line during filling and again before applying 
test pressure. 

c. Apply initial test pressure and allow to stand without makeup pressure for 
three hours, to allow for diametric expansion or pipe stretching to 
stabilize.   

d. After this equilibrium period, apply the specified test pressure and turn 
the pump off.  The final test pressure shall be held for three hours. 

e. Upon completion of the test, the pressure shall be bled off from a location 
other than the point where the pressure is monitored.  The pressure drop 
shall be witnessed by the resident project representative a the point where 
the pressure is being monitored and shall show on the recorded pressure 
read-out submitted to the Engineer. 

5. Allowable amount of makeup water for expansion during the pressure test 
shall conform to Table 5, Allowance for Expansion Under Test Pressure, 
Technical Report TR 31/88, published by the Plastic Pipe Institute (PPI).  If 
there are no visual leaks or significant pressure drops during the final test 
period, the installed pipe passes the test. 
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6. If any test of pipe laid disclosed leakage or significant pressure drop greater 
than that allowed, the Contractor shall, at his/her own expense, locate and 
repair the cause of leakage and retest the line. 

7. All visible leaks are to be repaired regardless of the amount of leakage. 
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Section 9 - Drainage Layer Materials 
Construction Quality Assurance Plan 

This Section is intended to comply with Rule .1624(b)(10), discussing the bedding 
material for the leachate collection; and Rule .1624(b)(11) discussing drainage layers. 

9.1 Materials 
A. Rock Material 

1. Sand shall be used for the drainage layer as shown in the Drawings and shall 
be inorganic, non-calcareous material, free from organic substance and other 
deleterious matter with a minimum permeability of 1x10-3 cm/sec or greater, 
at 90 percent of standard Proctor density, ASTM D698.  Sand shall be in 
particle size gradation (ASTM D422) within the following limits: 

Sieve Size Percent Passing by Weight 

3/8" 100 
No. 4 95-100 
No. 8 80-100 
No. 16 45-95 
No. 30 25-75 
No. 50 8-30 
No. 100 0.5-10 
No. 200 0-3 

 
B. Coarse Aggregate 

1. When sand is used for the drainage layer washed coarse aggregate shall be 
used for bedding material around the leachate collection pipe, wrapped with 
filter fabric as shown on the Drawings and as specified herein.  The coarse 
aggregate shall be sound, hard, durable, resistant to weathering and shall be 
free of overburden, spoil, shale, limestone, and organic material.  The coarse 
aggregate shall be NCDOT No. 4 Stone. 

2. Coarse aggregate may be used as an alternate to sand for the drainage layer.  If 
coarse aggregate is used, a fabric cushion shall be employed in lieu of drainage 
net as specified in Section 11 and on the Drawings.  The coarse aggregate shall 
be sound, hard, durable, resistant to weathering and shall be free of 
overburden, spoil, shale, limestone, and organic material.  The coarse 
aggregate shall be NCDOT No. 57 Stone. 

9.2  Construction  
A. Immediately prior to placement of the protective soil layer (sand or coarse 

aggregate), the drainage net or fabric cushion layer shall be swept clean of debris, 
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waste material, equipment, and other miscellaneous objects.  Upon completion, 
the drainage net or fabric cushion shall be inspected by the Engineer prior to 
installation of the protective soil layer to check for damage such as tears and 
defects.  The Engineer shall confirm with the installer that all necessary survey 
information has been obtained.  Placement of the protective soil layer shall not 
begin prior to the Engineer issuing approval of the drainage net or fabric cushion 
installation.  After installation, completion and acceptance of the composite liner 
system, drainage net (or fabric cushion), and related work activities, place the 
drainage layer material to the thickness and aerial extent shown on the Drawings. 

B. During the placement of the drainage layer material, no construction equipment 
shall be allowed directly on the liner, drainage net, or fabric cushion.  A 4-foot 
thick traffic surface shall be constructed out of the drainage layer material to 
support haul trucks delivering material to the cell. 

C. Care shall be taken to protect the liner.  Drainage layer material ramps shall be 
provided on slope locations used for entry and exit and in other heavily traveled 
areas.  Only large radius turns by the loader and other equipment shall be 
permitted. 

D. Only low ground pressure dozers (less than 10 psi) shall be used for spreading 
and grading of the drainage layer. 

E. Material shall be placed on the side slopes starting at the toe of the slope and 
working toward the top of the slope. 

F. Drainage layer material shall only be spread when the liner is laying evenly over 
the base of the landfill.  The drainage layer material shall not be spread over 
"standing waves" in the liner that form during high daytime temperatures caused 
by exposure to sun.  The Contractor must make provisions to cover the liner in the 
morning or evening when midafternoon temperatures cause excessive rippling of 
the liner. 

G. The drainage layer shall be compacted by rolling with a smooth drum roller.  The 
final grade shall be laid to elevations as shown on the Drawings.  The drainage 
layer shall be compacted to a minimum of 90 percent of Standard Proctor density 
(ASTM D698), and maintain a permeability equal to or greater than 1 x 10-3 
cm/sec. 

H. No material shall be placed, spread, or compacted while the ground is frozen or 
thawing or during unfavorable weather conditions.  The drainage layer surface 
must be made smooth and free from ruts or indentation at the end of any working 
day when significant precipitation is forecast and/or at the completion of the 
compaction operations in that area in order to prevent saturation of the material. 
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I. Any sample or area tested which does not meet the requirements of the technical 
specifications shall be rejected, removed, and replaced.  Reconstructed areas shall 
have feathered, overlapping edges that tie into adjacent fill material. 

9.3  Certification  
A. The Contractor shall submit samples of materials from approved sources for 

testing by the Quality Assurance Laboratory (QAL).  If samples do not meet the 
specified criteria, the Contractor may submit additional samples from sources 
approved by the Engineer for conformance testing by the QAL at the Contractor's 
expense. 

B. The Contractor shall supply ground survey plans certified by a Land Surveyor 
registered in the State of North Carolina, as follows: 

1. Three ground surveys of the disposal cells to verify the elevation of subgrade, 
top of clay, and top of drainage layer.  Shots for these surveys shall be taken 
on 50-foot centers, using identical horizontal points for all three surveys. 

C. Conformance testing shall be performed by the QAL on samples from each source 
of drainage layer material to assure compliance with the Specifications.  The 
following test shall be performed on the samples. 

1. Sieve Analysis (ASTM D422) 

2. Specific Gravity (ASTM D854) 

3. Laboratory Density—Permeability Relationship 

D. Gradation analysis shall be performed by the QAL on samples from each source of 
the coarse aggregate to assure compliance with the Specifications. 

E. The drainage layer thickness shall be measured at a minimum of 4 locations per 
acre to confirm that the thickness of the installed material is in accordance with 
the Drawings.  In addition, the following tests shall be performed at the same 
minimum frequency: 

1. Standard Test Method for Moisture-Density Relations of Soil and Soil-
Aggregate Mixtures (ASTM D698). 

2. Nuclear Density and Moisture Content (ASTM 3017) 

3. Drainage Layer Thickness shall be measured by the Contractor as observed by 
the Engineer's representative.  The method of measuring shall be approved by 
the Engineer prior to performance. 
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Section 10 - Drainage Nets 
Construction Quality Assurance Plan 

This Section is intended to comply with Rule .1624(b)(11)(12). 

10.1  Materials 
A. Drainage net shall be manufactured by extruding two sets of polyethylene strands 

to form a three dimensional structure to provide planar water flow. 

B. A filter fabric shall be heat bonded to both sides of the drainage net.  Heat 
bonding shall be performed by the manufacturer prior to shipping to the site.  The 
weight of the filter fabric shall be 6 oz/yd2. 

C. The drainage net shall contain UV inhibitors to prevent ultraviolet light 
degradation. 

D. The drainage net shall conform to the following minimum properties: 

 Properties   Value   Test Method 

 Resin Density   0.940 g/cc  ASTM D1505 

 Melt Index   1.0 g/10 min  ASTM D1238 
 (condition 190/216) 

 Carbon Black Content  2 percent  ASTM D1603 

 Thickness   300 mil   ASTM D5199 

 Mass Per Unit Area  0.162 lbs/ft2  ASTM D3776 

 Transmissivity  9 E-04 m2/sec  ASTM D4716 
 (gradient =      (Bounded by  
 0.1 at 10,000 psf)     metal plates) 

 Tensile Strength  25 lbs/in  ASTM D751 

F. The drainage net manufacturer shall warrant the material, on a prorated basis, 
against manufacturing defect and material degradation for a period of twenty 
years from the date of installation.  The Manufacturer shall replace any material 
which fails from the above causes within the warranty period.  The Manufacturer 
shall furnish a written warranty covering the requirements of this paragraph. 
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10.2 Construction 
A.  Subgrade Preparation: 

1. The synthetic liner shall be swept clean of debris, waste material, equipment, 
and other miscellaneous objects.  Upon completion, the synthetic liner shall be 
inspected by the Engineer prior to installation of the drainage net to check for 
damage such as; tears, punctures, scratches, and defects.  The Engineer shall 
confirm with the installer that all seams and patches have been tested and 
approved and that all necessary survey information has been obtained.   
Placement of geonet shall not begin prior to the Engineer issueing approval of 
the liner installation. 

B. Panel Placement: 

1. Care shall be taken to keep the drainage net clean and free from debris prior to 
installation.  If the drainage net is not clean, it should be washed prior to 
installation. 

2. The drainage net shall be installed in such a manner as to ensure that it is not 
damaged in any way, and the following shall be complied with during 
installation: 

a. Drainage net shall be anchored into a trench as shown on the Drawings. 

b. such a manner as to continually keep the drainage net sheet in tension.  If 
necessary, the drainage net shall be positioned by hand after being 
unrolled to minimize wrinkles. 

c. In order to protect against wind uplift, all drainage net shall be weighted 
with sandbags or by other means.  Such sandbags shall be installed during 
placement and shall remain until replaced with cover material. 

d. Drainage net shall not be welded to geomembrane. 

e. Drainage net shall only be cut using scissors or other cutting tools 
approved by the Manufacturer that will not damage the underlying liner.  
Care shall be taken not to leave tools on the drainage net. 

f. Necessary precautions shall be taken to prevent damage to underlying 
layers during placement of the drainage net. 

g. uring placement of drainage net care shall be taken not to entrap in the 
drainage net dirt or excessive dust that could cause clogging of the 
drainage system and/or stones that could damage the adjacent liner.  If 
dirt or excessive dust is entrapped in the drainage net, it should be hosed 
clean prior to placement of the next material on top of it.  In this regard, 



Section 10 
Drainage Nets 

 

A  10-3 

December 2004 

 

care shall be taken in handling the sandbags, to prevent rupture of the 
sandbag. 

C. Field Seams and Overlaps: 

1. The following requirements shall be met during installation of the drainage 
net: 

a. The drainage net of adjacent panels shall be overlapped by at least 4 in.  
For end widths of panels, the drainage net shall be butted.  

b. Seams shall be secured by tying.  Tying can be achieved by plastic 
fasteners or polymer braid.  Tying devices shall be a color that contrasts 
with black for easy inspection.  Metallic devices are not allowed. 

c. Tying shall be every 5 ft along seams joining lengths of panels and every 6 
in along seams joining widths of panels. 

d. The unbonded fabric on the top side of the drainage net shall be 
overlapped along side seams of adjacent panels.  The order of overlap will 
be such that the action of placing sand over the overlap will not cause the 
overlap to unfold and force sand between the layers of the overlap (i.e., the 
final overlap is made in the direction of sand placement). 

e. For end width seams and patches, an 18-inch strip of fabric shall be placed 
over the seam.  Sufficient amounts of sand to hold the fabric strip in place 
shall be placed manually. 

f. Horizontal seams on 4 to 1 slopes shall not be allowed unless it is 
demonstrated to the Engineer that it is absolutely necessary.  

D. The Contractor shall guarantee the drainage net against defects in installation and 
workmanship for the period of two years commencing with the date of Final 
Acceptance.  The guarantee shall include the services of qualified service 
technicians and all materials required for the repairs at no expense to the Owner. 

E. Upon completion of installation, the Contractor shall dispose of all trash, waste 
material and equipment used in connection with the performed work and shall 
leave the premises in a neat and acceptable condition. 

10.3 Certification 
A. American Society for Testing and Materials (ASTM) 

1. ASTM D1505 - Standard Test Method for Density of Plastics by the Density 
Gradient Technique 
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2. ASTM D1238 - Standard Test Method for Flow Rates of Thermoplastics by 
Extrusion Plastometer 

3. ASTM D1603 - Standard Test Method for Carbon Black in Olefin Plastics 

4. STM D1777 - Standard Method for Measuring Thickness of Textile Materials 

5. ASTM D3776 - Standard Test Method for Mass Per Unit Area (Weight) of 
Woven Fabric 

6. ASTM D4716 - Standard Test Method for Constant Head Hydraulic 
Transmissivity (In Plane Flow) of Geotextile and Geotextile Related Products 

7. ASTM D751 - Standard Method for Testing Coated Fabrics 

8. Where reference is made to one of the above standards, the revision in effect at 
the time of bid opening shall apply. 

B. Quality Assurance: 

1. The quality control and quality assurance consists of conformance testing of 
the material delivered to the site and field quality control during installation. 

2. The purpose of conformance testing is to assure that the supplied material 
conforms to the Specifications and to the Manufacturer's quality control 
certificates. 

3. The purpose of field quality control procedures is to assure that the drainage 
net material has been installed in accordance with the Specifications and 
Manufacturer's recommendations. 

C. Quality Control Documentation 

1. Prior to installation commencement of any drainage net material, the 
Contractor shall provide to the Owner the following information certified by 
the Manufacturer for the delivered drainage net. 

a. Each roll delivered to the project site shall have the following identification 
information: 

(1) Manufacturer's name 

(2) Product identification 

(3) Thickness 

(4) Roll number 
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(5) Roll dimensions 

(6) Machine direction 

2. Quality control certificates, signed by the Manufacturer's quality assurance 
manager.  Each certificate shall have roll identification number, sampling 
procedures, frequency, and test results.  At a minimum, the following test 
results shall be provided for every 50,000 square feet of manufactured 
drainage net: 

a.R esin Density 

b. Resin Melt Index 

c. Thickness 

d. Carbon Black Content 

e. Transmissivity 

f. Tensile Strength 

D. Conformance Testing: 

1. Conformance testing shall be performed by an independent Quality Assurance 
Laboratory (QAL) approved by the Owner.  Engineer will obtain samples from 
the delivered material, mark the machine direction, and identification number.  
One sample shall be taken per 100,000 square feet, or one sample per lot, 
whichever results in the greater number of conformance tests.  This sampling 
frequency may be increased as deemed necessary by the Engineer.  The 
samples shall be taken across the entire roll width and shall not include the 
first 3 feet.  The following conformance tests shall be conducted at the 
laboratory: 

a. Resin Density (ASTM D1505) 

b. Carbon Black Content (ASTM D1603) 

c. Melt Index (ASTM D1238) 

d. Thickness (ASTM D1777)  

e. Transmissivity (ASTM D4716) 

f. Peel Adhesion (ASTM D413) 

g. Mass Per Unit Area (ASTM D3776) 
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2. These conformance tests shall be performed in accordance with all test 
requirements.  

3. All conformance test results shall be reviewed by the Engineer and accepted or 
rejected, prior to the deployment of the drainage net.  All test results shall 
meet, or exceed, the property values listed in Paragraph 10.1 (d).  In case of 
failing test results, the Contractor may request that another samples be 
retested by the QAL with Manufacturers's technical representative present 
during the testing procedures.  The costs for retesting including engineering, 
analyses, and all associated expenses shall be paid for by the Contractor.  The 
Contractor may also have the sample retested at two different laboratories 
approved by the Owner.  If both laboratories report passing results, the 
material shall be accepted.  If either laboratory reports failing results, all 
material from the lot representing the failing sample will be considered out of 
specification and rejected.  The Manufacturer may obtain additional samples 
from rolls immediately before and after the failing roll or as directed by the 
Engineer and have them tested by the QAL at his/her own expense.  If these 
rolls pass, then only the failing roll will be rejected.  If they fail, then the entire 
lot will be rejected. 

E. Field Quality Control: 

1. Two duplicate documentation files for panel placement shall be maintained.  
One shall be maintained by the Contractor and the other by the Engineer.  At 
the end of each work week the files shall be updated and checked to assure 
that all copies of pertinent project information are included in each file.  The 
Contractor shall submit daily copies of the documentation to the Engineer. 

2. Any holes or tears in the drainage net shall be repaired by placing a patch 
extending 1 foot beyond the edges of the hole or tear.  The patch shall be 
secured to the original drainage net by placing ties every 6 inches.  Tying 
devices shall be as specified in Paragraph 10.2 (c).  All repairs and patches 
shall be approved by the Engineer. 

3. Damage to the drainage net occurring during the placement of the material 
overlying the drainage net shall be repaired immediately at no additional 
expense to the Owner. 
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Section 11 – Geotextiles 
Construction Quality Assurance Plan 

This Section is intended to comply with Rule .1624(b)(12). 

11.1 Materials 
A. Nonwoven Fabric 

1. All fabric shall be a nonwoven needle punched fabric consisting of 
polypropylene or polyester fibers formed into a stable network, such as Mirafi 
or equal.   

2. Fabric with a unit weight of 6 oz/yd2 shall be heat bonded to both sides of the 
drainage net.    

3. Fabric with an 8 oz/yd2 unit weight shall be used for the fabric wrap of the 
leachate collection system and as a bedding for riprap aprons riprap-lined 
ditches, rock check dams, and sediment traps.   

4. Fabric with a 28 oz/yd2 unit weight shall be used for the fabric cushion placed 
between the liner and the coarse aggregate drainage layer. 

5. The fabric shall be nonbiodegradable, nonreactive within a pH range of 3 to 
11, resistant to ultraviolet light exposure, and resistant to insects and rodents.  
The fabric shall have achieved a minimum value of 97 percent for the EPA 
9090 chemical resistance test.  Test results from any sampled roll in the lot, 
when tested in accordance with ASTM D4759, shall meet or exceed the values 
listed in Table 1. 

B. The Manufacturer shall warrant the material against manufacturing defects and 
material degradation for a period of twenty years from the date of installation.  
The Manufacturer shall replace any material which fails from the above causes 
within the warranty period.  The Manufacturer shall furnish a written warranty 
covering the requirements of this paragraph. 

11.2  Construction  
A. Geotextiles shall be installed as shown on the Drawings and in accordance with 

the Manufacturer's recommendations and approved shop drawings.  

B. For installation of fabric bonded drainage net or fabric cushion the HDPE liner 
shall be maintained in a smooth and uniform condition and shall be clean of 
stones, liner scrap, and other debris.  A final inspection of the liner shall be 
performed by the Engineer prior to placement of the geotextile. 
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Table 1 

Minimum Average Roll Values for Geotextile Fabrics 

Properties Test Method 

Minimum Average Roll Values 

Unit 6 oz. 8 oz. 28 oz. 

Fabric Weight ASTM D3776 oz./yd2 5.7 7.1 28.0 

Thickness ASTM D1777 mils 70 90 265 

Grab Strength ASTM D4632 lbs 160 210 400 

Grab Elongation ASTM D4632 % 50 50 50 

Puncture Resistance ASTM D4833 lbs 75 95 N/A 

Mullen Burst Strength ASTM D3786 psi 220 320 650 

Water Flow Rate ASTM D4491 gpm/ft2 110 85 N/A 

Permittivity ASTM D4491 sec-1 1.4 1.05 N/A 

Trapezoidal Tear ASTM D4533 lbs N/A N/A 120 

Puncture Resistance GREHGM3 at 
2"Core HT 

psi N/A NA Pending Test 
Results 

Coef. of Permeability ASTM D4491 cm/sec 0.30 0.30 N/A 

Equivalent Opening Size ASTM D4751 mm 0.210 0.210 N/A 

 
C. Geotextiles shall be inspected by the Engineer during deployment.  All defective 

rolls shall be repaired or removed from the site at the expense of the contractor if 
the Engineer deems that repair is not possible. 

D. Geotextiles shall only be cut using a hook blade knife, scissors with rounded tips 
or as otherwise approved by the Engineer. 

E. The contractor shall exercise extreme care during installation of geotextiles to 
prevent damage to the HDPE liner.  The Contractor shall prevent rocks, soil, waste 
materials and other debris from being entrapped between the HDPE liner and 
geotextiles.  Only smooth soled shoes approved by the Engineer shall be worn by 
the installers.  The Contractor shall not use installed geotextile as a storage area for 
tools and supplies.  

F. The Engineer shall have the authority to order the immediate stoppage of work as 
a result of improper installation procedures or any reason that may cause 
defective installation. 
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G. Fabric cushion panels shall be overlapped a minimum of 4 inches and heat 
seamed using a hot-wedge welder. The heat seam shall be continuous along the 
length of the overlap. The area to be welded shall be clean and dry. The hot-
wedge welding equipment shall be capable of continuously controlling and 
monitoring the temperature of the hot wedge platen.  

H. Fabric cushion seams constructed on sloped surfaces that are 4 to 1 or greater shall 
be vertical seams.  All vertical panels placed on 4 to 1 slopes or greater shall 
extend 5 feet beyond the toe of slope. 

I. All fabric cushion shall be covered within fourteen days. If delay of rock layer 
installation exceeds 14 days a protective cover such as a woven geotextile with 
high UV resistance shall be temporarily placed over the fabric cushion until rock 
placement occurs. 

J. Fabric repairs shall be made with patches of the same material, using an approved 
seaming system.  The patch size shall be twenty-four inches larger in all directions 
than the area to be repaired. The corners of the patch shall be rounded.  Stitches 
shall be located no closer than one inch from the edge of the patch. 

H. The fabric used for the leachate collection system and riprap underlining shall be 
overlapped a minimum of 12 inches.  

11.3 Certification 
A. Prior to installation, the Contractor shall provide to the Owner the following 

information certified by the Manufacturer for the delivered fabric. 

1. Each roll delivered to the project site shall have the following identification 
information: 

a. Manufacturer's name 

b. Product identification 

c. Gross roll weight 

d. Roll number 

e. Roll dimension 

2. Quality control certificates, signed by the Manufacturer's quality assurance 
manager.  Each certificate shall have roll identification number, sampling 
procedures, frequency, and test results.  The following test results shall be 
provided in accordance with ASTM D 4354 Table 1: 

a. Thickness 
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b. Trapezoidal tear 

c. Puncture resistance 

d. Mullen burst strength 

e. Grab tensile 

B. Conformance testing shall be performed by an independent Quality Assurance 
Laboratory (QAL) approved by the Owner.  Engineer shall obtain samples from 
the delivered material and mark the machine direction and identification number.  
One sample shall be taken per 100,000 square feet, or one sample per lot, 
whichever results in the greater number of conformance tests.  This sampling 
frequency may be increased as deemed necessary by the Engineer.  The samples 
shall be taken across the entire roll width and shall not include the first 3 feet. The 
following conformance tests shall be conducted at the laboratory: 

1. Mass per unit area  (ASTM D3776) 

2. Mullen burst strength  (ASTM D3786) 

3. Puncture resistance  (ASTM D4833)  (filter fabric only) 

4. Grab tensile   (ASTM D4632) 

5. Permittivity   (ASTM D4491)  (filter fabric only) 

6. Apparent opening size (ASTM D4751)  (filter fabric only) 

7. Puncture resistance  (GRI GM3) (fabric cushion only) 

8. Thickness   (ASTM D5199) 

9. Trapezoidal Tear  (ASTM D4533)  (fabric cushion only) 

C. All conformance test results shall be reviewed by the Engineer and accepted or 
rejected, prior to the deployment of the fabric.  All test results shall meet, or 
exceed, the property values listed in Section 11.1 A. 

D. Test specimens shall be obtained from each conformance sample in accordance 
with the respective ASTM or GRI standard. Average values shall be calculated 
from the test specimen results and compared to the minimum average roll values 
listed in Table 1.  For the truncated cone puncture test the values of the test 
specimens will be directly compared to the minimum value listed in Table 1.   If 
any average value of a conformance sample is less than the minimum average 
value specified in Table 1 or, in the case of the truncated puncture cone test, if any 
value is less than the minimum value specified, the sample shall be determined to 
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be a failing sample.  If a conformance sample fails, all rolls within the sampled 
100,000 sf or lot will be rejected for use on the project unless the Engineer 
approves additional testing. 

E. If the Engineer approves additional testing, the manufacturer may obtain two 
additional samples from the failing roll and one sample each from the rolls 
manufactured immediately before and after a failing roll and have them tested by 
the QAL at the manufacturer's expense.  If all four samples pass, then all rolls will 
be accepted.  If either of the samples from the failing roll fail, then that roll will be 
rejected.  If either of the samples from the other rolls fail, then the all the rolls 
within the same 100,000 sf or lot will be rejected. 

F. The cost of first-run conformance testing shall be borne by the Owner and shall be 
performed by an independent Quality Assurance Laboratory (QAL) selected by 
the Owner.  If the fabric fails the first-run unit conformance tests, the Contractor 
shall pay for the cost of subsequent conformance testing until all conformance 
tests are passed and the fabric is accepted by the Engineer. 
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Section 12 - Geosynthetic Clay Liner (GCL) 
Construction Quality Assurance Plan 

This Section is intended to comply with Rule .1624(b)(9). 

12.1 Materials 
A. General: 

1. The liner shall consist of a layer of sodium bentonite clay 
encapsulated between two geotextiles and shall be manufactured of 
new, prime first-quality products designed and manufactured 
specifically for the purpose of liquid containment in hydraulic 
structures and chemically resistant to leachate. 

2. The liner material shall be so produced as to be free of holes, blisters, 
undisbursed raw materials, or any sign of contamination by foreign 
matter.   

3. The panels shall be manufactured in a minimum 15-foot seamless 
width and 100 feet long.  Labels on the roll shall identify the 
thickness, length, width, and Manufacturer's lot number. 

4. A 6-inch (150 mm) overlap guideline shall be imprinted on both 
edges of the upper geotextile component of the GCL as a means for 
providing quality assurance of the overlap dimension.  Lines shall be 
printed in easily visible, permanent ink. 

B. Properties: 

1. The liner rolls shall meet the minimum properties listed in the 
Specifications. 

C. Other Materials: 

1. Accessory Bentonite - The granular bentonite or bentonite sealing 
compound used for seaming, penetration sealing and repairs shall be 
made from the same natural sodium bentonite as used in the GCL 
and shall be as recommended by the GCL Manufacturer. 

D. Material Warranty: 

1. The GCL liner Manufacturer shall warrant the liner, on a prorated 
basis, against manufacturing defects and material degradation under 
outdoor exposure for a period of twenty years from the date of 
installation.  The Manufacturer shall replace at no expense any 
material which fails from the above causes within the warranty 
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period.  The Manufacturer shall furnish a written warranty covering 
the requirements of this paragraph. 

E. Delivery, Storage and Handling 

1. The liner rolls shall be packaged and shipped by appropriate means 
to prevent damage of the liner rolls.  Off-loading and storage of the 
liner is the responsibility of the Contractor.  The liner rolls shall be 
unloaded in the presence of the Engineer or his representative.  The 
Contractor shall be responsible for replacing any damaged or 
unacceptable material at no cost to the Owner. 

2. Damage during off-loading shall be documented by the Engineer or 
his representative.  All damaged rolls must be separated from the 
undamaged rolls until the proper disposition of that material has 
been determined by the Engineer. 

3. The liner rolls shall be stored so as to be protected from puncture, 
dirt, grease, water, moisture, mud, mechanical abrasions and tears 
that may damage the liner material.  The rolls shall be stored on a 
prepared surface and shall not be stacked more than two rolls high. 

4. All stored GCL materials and the accessory bentonite must be 
covered with a plastic sheet or tarpaulin until their installation. 

12.2 Construction 
A. Subgrade (Top of Clay Liner) Preparation: 

1. The top surface of the clay liner shall be smooth, uniform, free from 
sudden changes in grade (such as vehicular ruts), rocks, stones, 
debris, and deleterious materials.  The moisture content of the clay 
liner must be maintained within the project specifications until the 
GCL has been installed.  If excessive drying occurs, the Contractor 
shall rehydrate and compact the affected area to the Engineer's 
satisfaction.  During actual placing and seaming of the GCL, the clay 
liner shall be kept free of all standing water.  If the clay liner surface 
below the liner becomes wet and unstable, it shall be dried and 
recompacted to the Engineer's satisfaction.  If drying and 
recompacting the material is insufficient, the unstable material must 
be removed and replaced with approved material. 
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2. Before the liner installation begins, the Contractor and installer shall 
submit to the Engineer: 

a. Written verification that all lines and grades are in conformance 
with the Drawings and Specifications. 

b. Written verification that the surface area to be lined has been 
rolled and compacted, free of irregularities and abrupt changes in 
grade. 

3. The Contractor shall not proceed with GCL installation until a 
complete report on the clay liner thickness and hydraulic 
conductivity testing has been submitted and approved by the 
Engineer.  If the Contractor proceeds with synthetic liner installation 
and associated layers (HDPE, drainage net, geotextile and sand) prior 
to completion of the report, the Contractor will do so at his/her own 
risk.  If any clay liner tests fail, the Contractor will be required to 
remove overlying liner system layers, repair deficient clay liner 
area(s) and reinstall the liner system in accordance with project 
specification requirements.  Any liner system materials damaged 
during the repair work shall be replaced with new material.  All costs 
associated with such actions will be paid for entirely by the 
Contractor including, but not limited to, labor, additional liner 
system material, testing, labor and material costs incurred by the 
Engineer to perform additional inspection services. 

B. Liner Placement: 

1. Weather Conditions 

a. Liner placement shall not be performed during precipitation, 
times of excessive moisture, excessive wind or in an area of 
ponded water. 

2. Method of Placement 

a. Placement of the GCL shall be conducted in accordance with the 
manufacturer's recommendations and with the directions 
provided herein.  Any deviations from these procedures must be 
pre-approved by the CQA Manager. 

b. Each panel of the GCL shall be rolled out and installed in 
accordance with the approved shop drawings prepared by the 
Contractor.  The layout shall be designed to keep field joining of 
the GCL to a minimum and consistent with proper methods of 
GCL installation. 
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c. GCL rolls shall be placed using proper spreader and rolling bars 
with chain or cloth slings.  If a sheet must be replaced a distance 
greater than its width, a slip or rub sheet shall be used. 

d. The CQA inspector shall inspect each panel, after placement and 
prior to seaming, for damage and/or defects.  Defective or 
damaged panels shall be replaced or repaired, as approved by the 
CQA Manager. 

e. The installer shall avoid dragging the GCL sheets on soil 
subgrades. 

f. All GCL shall be anchored as shown on the Drawings and 
consistent with Manufacturer's recommendations.  Seams shall be 
perpendicular to the toe of slope at all times. 

g. The GCL shall be properly weighted to avoid uplift due to wind. 

h. Vehicular traffic across the GCL shall not be allowed unless 
approved by the CQA Manager.  

i. All damage shall be recorded and located in the record drawings. 

j. The GCL shall be kept free of debris, unnecessary tools and 
materials.  In general, the GCL area shall remain neat in 
appearance. 

k. Equipment necessary to perform the installation (generators, 
compressors, etc) shall have a scrap GCL sheet placed 
underneath to protect the installed GCL from possible damage. 

l. In the opinion of the CQA Manager, any seam, or edge of GCL 
material exposed for more than 24 hours or considered partially 
hydrated when seaming occurs shall receive a minimum 3-foot 
overlap (rainflap) from the adjoining GCL panel. 

m. The Contractor shall only work on an area that can be completed 
in one working day.  Completion shall be defined as the full 
installation and anchoring of the GCL liner and placement of the 
specified liners or cover soils.  Upon completing placement of 
bentonite panels in any area, the HDPE geomembrane shall be 
immediately installed over bentonite panels as detailed in the 
Drawings and Specifications. 

n. The minimum allowable size for a GCL "panel" shall be 120 
square feet. 
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o. The GCL shall not get wet before or during installation.  The GCL 
mat shall not be installed during periods of any precipitation.  If a 
precipitation event occurs after the installation of a bentonite mat 
panel, but prior to covering with an HDPE panel, a thin film 
plastic sheeting may be used to cover and to temporarily protect 
the bentonite mat from moisture, if approved by the Engineer. 

p. The Contractor shall only place a quantity of GCL that he/she 
can cover in the same day.  Under no circumstances will it be 
acceptable for GCL mat to be exposed to the elements overnight. 

q. For protection and proper performance, no machinery or 
equipment shall be allowed on the bentonite mat, unless 
previously approved by the Engineer and Manufacturer.  A low 
tire pressure vehicle (i.e., all terrain vehicles) may be used to 
install the HDPE over the GCL if the GCL is dry, if approved by 
the Engineer and Manufacturer.  Vehicles, machinery, or 
equipment shall be operated to avoid abrupt stops, starts, or 
turns. 

r. GCL panels shall be placed with the non-woven geotextile side 
facing down.  On sloped areas exceeding a steepness of 6H:1V, 
the long dimension of all panels shall be oriented parallel along 
the slope.  Panels should be placed from the highest elevation to 
the lowest within the area to be lined, to facilitate drainage in the 
event of precipitation.  Panels shall be placed free of tension or 
stress yet without wrinkles or folds.  It is not permissible to 
stretch the GCL in order to fit a designated area.  Panels shall not 
be dragged across the subgrade into position except where 
necessary to obtain the correct overlap for adjacent panels. 

s. When covering GCL installed on sloped areas steeper than 
6H:1V, the cover material should be pushed up slope to minimize 
tension on the GCL. 

t. Any leading edge of panels left uncovered shall be protected at 
the end of the working day with a waterproof sheet which is 
adequately secured with sandbags and other ballast.  
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C. Field Seams: 

1. Individual panels of GCL shall be laid out and overlapped by a 
minimum of 12-inches prior to seaming.  The area to be seamed shall 
be cleaned and prepared prior to placement of granular bentonite. 

2. All seams shall have a seam number that corresponds with the panel 
layout numbers.  The numbering system shall be used in the 
development of the record drawings.  Seam numbers shall be derived 
from the combination of the two panel numbers that are to be 
seamed. 

3. Seam areas or runs shall also be flat and clear of any large rocks, 
debris, or ruts.  Contacting surfaces shall be clean and clear of dirt or 
native soil with all edges pulled tight to maximize contact and to 
smooth out any wrinkles or creases.  Overlaps shall be a minimum of 
12 inches and verified by QA/QC monitors. 

4. Seams shall be augmented with granular bentonite to ensure seam 
integrity.  Granular bentonite shall be dispersed evenly from the 
panel edge to the lap line at a minimum rate of 1/4 pound per lineal 
foot continuously along all seams or overlap areas.  Accessory 
bentonite shall be of the same type as the material within the 
composite liner itself. 

5. All seams constructed on sloped surfaces shall be vertical seams, 
except as specified otherwise elsewhere herein. 

6. On gently sloping areas (gentler than 4H:1V) where seams may be 
placed across the slope, overlaps should be "shingled" so as to 
prevent flow into the seam. 

D. Weather Conditions: 

1. The normal required weather conditions for seaming are: 

a. No precipitation or other excessive moisture, such as fog or dew. 

b. No excessive winds. 

2. These weather conditions shall be fulfilled during seaming process. 
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 E. Liner Penetrations: 

1. GCL aprons or shrouds shall be furnished and installed where 
indicated on the Drawings.  The aprons shall be of the same material 
as the GCL. 

2. Aprons and shrouds shall fit snugly around the pipe. 

3. For any penetrations or structures the mat will contact, a small notch 
(approximately 3 inches wide and 8 inches deep) shall be cut against 
the edge of the subgrade area.  The mat shall be brought up to the 
edge of the structure and trimmed to fit into the notch.  The 
Contractor shall then hand-apply a pure bead of bentonite into half 
the notch.  The mat shall then be inserted into the notch, with the 
remaining volume of the notch refilled with the pure bentonite and 
compacted. 

F. Anchor Trench: 

1. The anchor trench shall be constructed as shown on the Drawings 
and in the Specifications.   

2. Slightly rounded corners shall be provided in the trench to avoid 
sharp bends in the GCL. 

3. The anchor trench shall be adequately drained to prevent water 
ponding and softening to adjacent soils.  The anchor trench shall be 
backfilled with local fill material and compacted to 95 percent 
standard Proctor maximum dry density, ASTM D698.  

4. The amount of trench open at any time shall be limited to one day of 
GCL installation capacity.  The anchor trench shall be backfilled and 
compacted at the end of each day in accordance with the 
specifications. 

G. Guarantee 

1. The Contractor shall guarantee the GCL liner against defects in 
installation and workmanship for a period of two years commencing 
with the date of final acceptance.  The guarantee shall include the 
services of qualified service technicians and all materials required for 
repairs at no expense to the Owner. 
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H. Disposal of Waste Material 

1. Upon completion of installation, the Contractor shall dispose of all 
trash, waste material, and equipment used in connection with the 
performed work and shall leave the premises in a neat and 
acceptable condition. 

12.3 Certification 
A. Qualifications 

1. Manufacturer 

a. The manufacturer of the GCL shall have previously 
demonstrated his/her ability to produce this liner by having at 
least two years continuous experience in the manufacture of 
geosynthetic clay liner and successfully manufactured a 
minimum of 10 million square feet of similar liner material for 
hydraulic lining installation. 

2. Installer 

a. The installer shall be the manufacturer or an approved installer 
trained and certified to install the manufacturer's liner.  
Installation shall be performed under the constant direction of a 
single installation supervisor who shall remain on site and be in 
responsible charge, throughout the liner installation, for liner 
layout, seaming, patching, testing, repairs and all other activities 
required by the installer.  The installation supervisor shall have 
installed or supervised the installation and seaming of a 
minimum of two million square feet of GCL, or must provide to 
the Engineer satisfactory evidence, through similar experience in 
the installation of other types of geosynthetics, that the GCL will 
be installed in a competent, professional manner. 

B. American Society for Testing and Materials (ASTM): 

1. ASTM D-5890: Bentonite Swell Index 

2. ASTM D-5891: Bentonite Fluid Loss 

3. ASTM D-5993: Bentonite Mass per Area 

4. ASTM D-4632: GCL Grab Strength 

5. ASTM D-413: GCL Peel Strength 

6. ASTM D-5887: GCL Index Flux 
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7. ASTM D-5084: GCL Hydraulic Conductivity 

Where reference is made to one of the above standards, the revision in 
effect at the time of bid opening shall apply.  

C. Quality Assurance: 

1. In addition to manufacturer and installer requirements for 
qualifications and certification, the Quality Assurance consists of 
conformance testing of the GCL delivered to the site and field quality 
control during installation. 

2. The purpose of conformance testing is to assure that the GCL 
conforms to the specifications and to the Manufacturer's quality 
control certificates. 

3. The purpose of field quality control procedures is to assure that the 
GCL has been installed in accordance with the specifications and 
Manufacturer's recommendations. 

D. Quality Control Plan: 

1. The forms in Appendix B for liner quality control documentation 
shall be used for field installation documentation.  Alternative forms 
may be used for documentation as approved by the Engineer. 

E. GCL Quality Control Documentation 

1. Pre-installation Conference 

a. Prior to commencing work, a pre-installation conference shall 
be held and the following project personnel shall be identified 
by name and recorded in the project files: 

(1) Contractor 

(2) Installation Supervisor 

(3) Engineering Field Representative (EFR) 

(4) Installation Supervisor : Quality Control Personnel  

(5) Contractor's Representative (CR) 

(6) Quality Assurance Laboratory (QAL) 

b. Two duplicate project files shall be maintained.  One shall be 
maintained by the EFR and the other shall be maintained by the 
Installation Supervisor.  At the end of each work week, the files 
shall be updated and checked to ensure that copies of all 
pertinent project information are included in each file. 
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c. Blank copies of the following six project forms shall be available 
onsite throughout the duration of the project: 

Form No.  Title 

100   GCL Project QC log 

101   Receiving QC Log 

102   Personnel QC Log 

103   Subgrade Surface Acceptance 

104   GCL Installation Track Log 

105   GCL Damage Report 

F. Record Drawings: 

1. The Contractor shall furnish record drawings showing the actual 
installation and are to include any patches used to repair liner defects 
and all panel and patch identifications assigned in the field; and a 
copy of complete documentation for final installation of the liner. 

G. Quality Control Documentation: 

1. Prior to installation commencement of any GCL material, the 
Contractor shall provide the following information certified by the 
Manufacturer for the delivered GCL: 

a. Manufacturer's certification for the bentonite clay used in GCL 
production demonstrating compliance with the parameter’s swell 
index and fluid loss as required by the Specifications. 

b. Manufacturer's certification for finished GCL product(s) of 
bentonite mass/area, GCL tensile strength and GCL peel strength 
(if applicable) demonstrating compliance with the index 
parameters as required by the Specifications. 

c. GCL lot and roll numbers supplied for the project (with 
corresponding shipping information). 

d. Manufacturer's certification for finished GCL product(s) of GCL 
index flux, permeability and hydrated internal shear strength 
demonstrating compliance with the performance parameters as 
required by the Specifications. 
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H. Conformance Testing: 

1. Conformance testing shall be performed by an independent Quality 
Assurance Laboratory (QAL) approved by the Owner.  One sample 
shall be taken in accordance with the frequencies outlined in Table 
A-1 of Appendix A.  The Engineer shall obtain the samples from the 
roll and mark the machine direction and identification number.  The 
following conformance tests shall be conducted at the laboratory: 

a. Bentonite Mass per Area 

b. Bentonite Free Swell 

c. Bentonite Fluid Loss 

d. Woven Geotextile mass per Unit Area 

e. Woven Geotextile Grab Tensile Strength/Elongation 

f. Nonwoven Geotextile mass per Unit Area 

g. Nonwoven Geotextile Grab Tensile Strength/Elongation 

h. GCL Mass per Unit Area 

i. GCL Index Flux 

j. Peel Strength 

2. These conformance tests shall be performed in accordance with 
Appendix A.  All costs for the initial conformance testing will be paid 
by the Owner.  The Owner shall not be responsible for the cost of any 
additional testing. 

3. All conformance test results shall be reviewed by Engineer and 
accepted or rejected, prior to the placement of the GCL.  All test 
results shall meet, or exceed, the property values listed in Appendix 
A.  In case of failing test results, the Manufacturer may request that 
another sample be retested by the independent laboratory with  
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Manufacturer's technical representative present during the testing 
procedures.  This retesting shall be paid for by the Manufacturer.  
The Manufacturer may also have the sample retested at two different 
laboratories approved by the Owner.  If both laboratories report 
passing results, the material shall be accepted.  If either laboratory 
reports failing results, all liner material from the lot representing the 
failing sample will be considered out of specification and rejected. 

I. Field Quality Control: 

1. Earthwork 

a. Any earthen surface upon which the GCL is installed shall be 
prepared and compacted in accordance with the specifications 
and drawings. The surface shall be smooth, firm, and unyielding, 
and free of: 

1. Vegetation. 

2. Construction debris. 

3. Sticks. 

4. Sharp rocks. 

5. Void spaces. 

6. Ice. 

7. Abrupt elevation changes. 

8. Standing water. 

9. Cracks larger than one-quarter inch (6 mm) in width. 

10. Any other foreign matter that could contact the GCL. 

b. Subgrade surfaces consisting of granular soils or gravel may not 
be acceptable due to their large void fraction and puncture 
potential.  Subgrade soils should possess a particle size 
distribution such that at least 80 percent of the soil is finer than a 
#60 sieve (0.2 mm), or as approved by the Engineer. 

c. Immediately prior to GCL deployment, the subgrade shall be 
final-graded to fill in all voids or cracks and then smooth-rolled 
to provide the best practicable surface for the GCL.  At 
completion of this activity, no wheel ruts, footprints or other 
irregularities shall exist in the subgrade. Furthermore, all 
protrusions extending more than one-half inch (12 mm) from the 
surface shall either be removed, crushed or pushed into the 
surface with a smooth-drum compactor.  
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d. The project CQA inspector shall certify acceptance of the 
subgrade before GCL placement.  

e. It shall be the Installer's responsibility thereafter to indicate to the 
Engineer any change in the condition of the subgrade that could 
cause the subgrade to be out of compliance with any of the 
requirements listed in this Section.   

f. At the top of sloped areas of the job site, an anchor trench for the 
GCL shall be excavated in accordance with the project plans. The 
trench shall be excavated and approved by the CQA Inspector 
prior to GCL placement. No loose soil shall be allowed at the 
bottom of the trench and no sharp corners or protrusions shall 
exist anywhere within the trench.  

2. GCL Placement 

a. Unless otherwise indicated in the drawings and specifications; 
reinforced GCL shall be placed on the more steeply sloped areas 
in accordance with project specifications. The Installer and 
engineer shall review and agree upon which GCL shall be placed 
on these areas prior to installation.  

b. GCL rolls should be delivered to the working area of the site in 
their original packaging.  Immediately prior to deployment, the 
packaging should be carefully removed without damaging the 
GCL.  The orientation of the GCL (i.e., which side faces up) 
should be in accordance with the Engineer's or Manufacturer's 
recommendations.  Unless otherwise specified, however, the GCL 
shall be installed such that the product name printed on one side 
of the GCL faces up.  

c. Equipment which could damage the GCL shall not be allowed to 
travel directly on it.  If the installation equipment causes rutting 
of the subgrade, the subgrade must be restored to its originally 
accepted condition before placement continues.  

d. Care must be taken to minimize the extent to which the GCL is 
dragged across the subgrade in order to avoid damage to the 
bottom surface of the GCL. A temporary geosynthetic subgrade 
covering commonly known as a slip sheet or rub sheet may be 
used to reduce friction damage during placement.  

e. The GCL shall be placed so that seams are parallel to the 
direction of the slope.  Seams should be located at least 3 feet (1 
m) from the toe and crest of slopes steeper than 4H:1V.  

f. All GCL panels should lie flat on the underlying surface, with no 
wrinkles or fold, especially at the exposed edges of the panels.  
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g. Only as much GCL shall be deployed as can be covered at the 
end of the working day with soil, a geomembrane, or a temporary 
waterproof tarpaulin. The GCL shall not be left uncovered 
overnight.  If the GCL is hydrated when no confining stress is 
present, it may be necessary to remove and replace the hydrated 
material. The Engineer should be consulted for specific guidance 
if premature hydration occurs.  

J. Repair Procedures: 

1. Any portion of the liner exhibiting signs of defect shall be repaired.  
If the GCL is damaged (torn, punctured, perforated, etc.) during 
installation, it may be possible to repair it by cutting a patch to fit 
over the damaged area. The patch shall be obtained from a new GCL 
roll and shall be cut to size such that a minimum overlap of 12 inches 
(300 mm) is achieved around all of the damaged area.  Dry bentonite 
or bentonite mastic should be applied around the damaged area 
prior to placement of the patch. It may be desirable to use an 
adhesive to affix the patch in place so that it is not displaced during 
cover placement.  

K. Repair Verification: 

1. Each repair shall be numbered and logged by the installer.  The 
Engineer shall observe all repairs.  The installer shall record the 
number of each repair, date and test outcome. 
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 TABLE A-1:  GEOSYNTHETIC CLAY LINER ANALYTICAL TESTING FREQUENCY 
 

 

MATERIAL 

 

TEST 

 

METHOD1,2 

 

MIN. ACCEPTABLE 

 

TEST FREQUENCY 

 

COMMENTS 

Mass per unit area ASTM D5993 0.75 lb/sf Every 40,000 sq. ft. by Manufacturer 

Free Swell ASTM D5890 24 mL/2g Every 50 tons by Manufacturer 

BENTONITE5 

Fluid Loss ASTM D5891 18 mL (max.) Every 50 tons by Manufacturer 

Mass per unit area ASTM D5261 3.20 oz./sy Every 100,000 sq. ft by Manufacturer 

Grab tensile 
strength/Elongation3 

ASTM D4632 100 lbs./15% Every 100,000 sq. ft. by Manufacturer 

Mass per unit area ASTM D5261 6.0 oz./sy Every 100,000 sq. ft by Manufacturer 

WOVEN4 GEOTEXTILE 

 

 

NON-WOVEN 
GEOTEXTILE Grab tensile 

strength/Elongation3 
ASTM D4632 15 lbs Every 100,000 sq. ft by Manufacturer 

Mass per unit area (at 12% 
MC) 6 

ASTM D5993 0.75 lb/sf Every 40,000 sq. ft. field sample 

Peel Strength ASTM D413 15 lbs. Every 40,000 sq. ft. field sample 

GCL  

Index Flux ASTM D5887 1E-8 m3/m2/sec Every 40,000 sq. ft. field sample 
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Explanatory Notes for Table A-1: 
 
1. ASTM procedures modified as necessary to utilize three test specimens across the roll width.  Results are reported as the average of these three values.  Size of 

test specimens may also differ slightly from those indicated in ASTM methods. 
 
2. All required values listed are minimum average roll values (MARVs) unless otherwise indicated. 
 
3. All tensile testing on the geotextiles and on the GCL is performed with the test specimens oriented in the machine direction. 
 
4. The values listed represent the non-woven geotextile before being needle punched into the GCL.  The actual tensile strength of the non-woven may be higher 

but cannot be accurately measured due to difficulties in separating it from the woven geotextile. 
 
5. These parameters are for the bentonite as delivered to the GCL manufacturer, not for the bentonite in the finished product. 
 
6. Mass per unit area of the bentonite obtained by weighing an oven-dried sample of known area and subtracting the typical geotextile mass per unit area values.  

The resulting mass per unit area values are normalized to a reference moisture content standard of 12 percent. 
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FORM CQC - 100 
GCL PROJECT QC LOG 

(one sheet per project) 
 

PROJECT 
 
NAME:   
 
NUMBER:   
 
LOCATION:   
 
OWNER:   
 
ADDRESS:   
 
CONTACT:     PHONE:   
 
 ENGINEERING 
ENGINEERING FIRM:   
 
ADDRESS:   
 
CONTACT:     PHONE:   
 
 CONTRACTOR 
GENERAL CONTRACTOR:   
 
ADDRESS:   
 
CONTACT:     PHONE:   
 
 SUPPLIER OF GCL MATERIALS 
NAME:   
 
ADDRESS:   
 
CONTACT:     PHONE:   
 

QC INSPECTION 
NAME:   
 
ADDRESS:   
 
CONTACT:     PHONE:   
 
 

TESTING LABORATORY 
 
LINER TESTING LABORATORY:   
 
ADDRESS:   
 
CONTACT:     PHONE:  __________________ 



 

 
 
   
 

FORM CQC - 100 
GCL PROJECT QC LOG 

(one sheet per project) 
(Continued) 

 
FABRICATOR OF MATERIAL 

 
NAME:   
 
ADDRESS:   
 
CONTACT:   
 

INSTALLER OF MATERIAL 
 
NAME:   
 
ADDRESS:   
 
CONTACT:   
 
 GCL MATERIALS 
 
SPECIFIED GCL MATERIALS:      TYPE:   
 
 
 MATERIAL CERTIFICATION 
 
MATERIAL CERTIFICATION RECEIVED:   
 
DATE:    ACCEPTED:   

 



 

 
 
   
 

FORM CQC - 101 
RECEIVING QC LOG 

(one sheet per truck) 
 
PROJECT NAME:   
 
DATE: ________________  TIME:     PROJECT NUMBER:   
 
TRUCKERS ID:   
 
NO. OF PIECES ON BOARD:    AGREE WITH PACKING LIST?   
 
CONDITION OF PACKAGING:   
 
VERIFY PROPER MATERIALS:    VERIFY PROPER TYPE:   
 
IDENTIFY ROLL NUMBERS:   
 
  
 
IDENTIFY ACCESSORIES   
 
  
 
IDENTIFY DAMAGED ITEMS:   
 
  
 
TYPE OF UNLOADING EQUIPMENT USED:   
 
OPERATOR:   
 
COMMENTS:   
 
  
 

STORAGE AREA 
CONDITION (surface):   
 
LOCATION TO PLACEMENT AREA:   
 
MATERIAL PROPERLY COVERED:   
 

WEATHER 
 
CONDITIONS:    TEMP:   
 
 SIGNATURES 
QC INSPECTOR:   
 
SITE SUPERVISOR:   
 

Use back for other comments 



 

 
 
   
 

FORM CQC - 102 
PERSONNEL QC LOG 
(installation personnel) 

(complete for each mobilization or change of personnel) 
 
 
PROJECT NAME:   
 
DATE:    PROJECT NUMBER:   
 
SAFETY MEETING CONDUCTED ON MATERIALS HANDLING:   
 
GIVEN BY:    DATE:   
 
SUPERINTENDENT OF INSTALLATION:   
 
 

INSTALLATION CREW PERSONNEL 
 
#1 CREW LEADER:    HELPER:   
 
#2 CREW LEADER:    HELPER:   
 
#3 CREW LEADER:    HELPER:   
 
#4 CREW LEADER:    HELPER:   
 
#5 CREW LEADER:    HELPER:   
 
#6 CREW LEADER:    HELPER:   
 
#7 CREW LEADER:    HELPER:   
 
#8 CREW LEADER:    HELPER:   
 

 
OTHER CREW MEMBERS 

 
NAME:    NAME:   
 
NAME:    NAME:   
 
NAME:    NAME:   
 
 
SIGNED:   

QC Inspector 



 

 
 
   
 

FORM CQC - 103 
SUBGRADE SURFACE ACCEPTANCE 
(once sheet per Day of GCL Deployment) 

 
 
1. Surface for liner placement accepted, covered by panel numbers:  
 
  
 
  
 
Approximate size of area:       
 

CERTIFICATE OF ACCEPTANCE 
OF SUBGRADE SOIL BY INSTALLER 

 
I the undersigned, duly authorized representative of  
  do hereby accept the soil surface as being acceptable 
for the placement of a geosynthetic clay liner (GCL) material. 
 
                                                                 
 Name           Signature    Title   Date 
 
 
Certificate Accepted by Inspector - Company:   
 
 
                                                                 
 Name           Signature Title   Date 
 

 
QC INSPECTOR:   
 
SITE SUPERVISOR:   
 
INSTALLING SUPERVISOR:   
 
 COMMENTS 
  
 
  
 
  
 
  
 
  

 



 

 
 
   
 

FORM CQC - 104 
GCL INSTALLATION TRACKING LOG 

 
 

DATE 
 

PANEL NO. 
 

CELL NO. ROLL NO. LENGTH WIDTH SQUARE FT. 
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  FORM CQC - 105 
GCL DAMAGE REPORT 

 
JOB NAME:                               JOB NO.:                PAGE:                                              

 
 

 
 

DATE 

 
 

PANEL 
NO. 

 
 

SEAM 
NO. 

 
 
 

LOCATION OF DAMAGE 

 
 

TYPE OF  
DAMAGE 

 
TYPE OF 
REPAIR 

 
NEW SEAM 

NO. 

 
NEW 

 PATCH NO. 
 
 

 
 

 
 

 
 

 
    

 
 

 
 

 
 

 
 

 
    

 
 

 
 

 
 

 
 

 
    

 
 

 
 

 
 

 
 

 
    

 
 

 
 

 
 

 
 

 
    

 
 

 
 

 
 

 
 

 
    

 
 

 
 

 
 

 
 

 
    

 
 

 
 

 
 

 
 

 
    

 
 

 
 

 
 

 
 

 
    

 
 

 
 

 
 

 
 

 
    

 
 

 
 

 
 

 
 

 
    

 
 

 
 

 
 

 
 

 
    

 
COMMENTS: 
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Section 13 – Documentation 
Construction Quality Assurance Plan 

 
This Section is intended to comply with Rule .1624(b)(15)(A)(i), (B), and (C). 

Upon completion of construction activities, a Construction Quality Assurance 
Certification Report will be submitted to the Solid Waste Section in accordance with 
15A NCAC 13B .1621 and .1624.  The report will summarize all quality assurance 
services performed during construction of the sanitary landfill.  The report will 
contain field observation inspection reports, the results of all construction quality 
assurance and construction quality control testing required in this Rule including 
documentation of any failed test results, descriptions of procedures used to correct 
the improperly installed material and results of all retesting performed.  The CQA 
report shall contain record drawings noting any deviation from the approved 
engineering plans and shall also contain a comprehensive narrative including but not 
limited to daily reports from the project engineer and a series of color photographs of 
major project features. 

The report will also include a discussion of all areas which failed initial testing 
requirements, and efforts required to repair the area to within specifications.  Areas of 
failure and destructive testing will be identified on the record drawings.  The 
following construction elements will be discussed in the certification report: 

  Earth Work/Subgrade 
  Compacted Clay Liner 
 Geosynthetic Clay Liner 
  Geomembrane 
  Drainage Net 
  Protective Layer 
  Leachate Collection System 
  Leachate Pond Liner Protection 

The CQA Certification report shall bear the seal of the project engineer and a 
certification that construction was completed in accordance with: 

1. This CQA Manual; 

2. The conditions of the permit to construct; 

3. The requirements of Rules .1621 and .1624; and 

4. Good engineering practices. 
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Section 1 – Purpose 
Operation Plan 
The purpose of this Operations Plan is to provide the Buncombe County Subtitle D 
Landfill staff with a manual that will serve as a guide for safe and efficient operation 
of the Subtitle D landfill.  This Operations Plan has been prepared in accordance with 
the North Carolina Solid Waste Rule 15A NCAC 13B .1626, Operational Requirements 
for MSWLF Facilities, and therefore addresses the following issues.  

 Waste Acceptance and Disposal Requirements 
  Cover Material Requirements 
  Disease Vector Control 
  Explosive Gases Control 
  Air Criteria 
  Access and Safety Requirements 
  Erosion and Sediment Control 
  Drainage Control and Water Protection Requirements 
  Liquids Restrictions 
  Recordkeeping Requirements 
  Spreading and Compacting Requirements 
  Leachate Management Plan 

Additionally, Table 1 is provided to summarize all required documents or 
documentation (record keeping) which must be maintained by the County and 
retained at the facility.  The operating record may be inserted into a 3-ring binder 
located at the scale house or main administration building.  It is the intent that Table 1 
is clearly and visually posted to ensure direction on record keeping. 

1.1 Operation Drawings 
In accordance with Rule .1625(b)(1), operation drawings have been prepared for the 
2011 Permit Renewal Application and are included in Appendix 5E.
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Table 1 

Buncombe County Subtitle D Landfill 
Operating Record Requirements 

 

Required Recordkeeping Rule 
Reference 

in Ops 
Plan 

Action 

INCOMING WASTE 

Attempted disposal of 
any prohibited wastes 

.1626(1)(a) 2.5 
Report to NCDENR within 
24 hrs  

Attempted disposal of 
any waste from outside 
the permitted service area 

.1626(1)(a) 2.5 
Report to NCDENR within 
24 hrs  

Records of random waste 
inspections 

.1626(10)(a)(i) 11.1 Complete form  

Waste determination 
records 

.1626(10)(a)(i) 11.1 -- 

Amounts by weight of 
solid waste received at 
the Subtitle D landfill 

.1626(10)(a)(ii) 11.1 -- 

DISPOSAL OPERATIONS 

Open burning requests .1626(5)(b) 6.2 -- 

Fire and explosion 
notification 

.1626(5)(d) 6.4 
Report to NCDENR 
verbally within 24 hrs and 
written by 15 days 

LEACHATE MANAGEMENT MAINTENANCE AND MONITORING 

Inspect leachate pond .1626(12)(a) 13.1.2 Annually 

Jet clean leachate 
collection pipes 

SB1492 130A-295.6. 
(h)(3) and Leachate 

Spill Corrective 
Action 

13.1.3 
Annual, note in Operating 
Record 

Remote camera 
inspection 

SB1492 130A-295.6. 
(h)(3) and Leachate 

Spill Corrective 
Action 

13.1.3 Once every 5 years 

Inspect pump station and 
audio and visual alarms 

 Leachate Spill 
Corrective Action 

13.1.3 Weekly 

Inspect landfill sideslopes 
and LCS 

 Leachate Spill 
Corrective Action 

13.1.3 
Weekly or following 
rainfall events equal to or 
exceeding ½ inch 
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Leachate generation 
records 

.1626(12)(b) 13.2.1 Weekly 

Leachate quality 
sampling 

.1626(12)(c) 13.2.2 Semi-annual 

METHANE MONITORING 

Methane monitoring 
reports 

.1626(10)(a)(iii) 
.1626(4)(b) 

11.1 Quarterly 

Exceedance in methane 
levels – required action 
within 7 days following 
detection 

.1626(10)(a)(iii) 
.1626(4)(c)(ii) 

11.1 

Include in Operating 
Record detected levels and 
description of steps to 
protect human health 

Exceedance in methane 
levels – required action 
within 60 days following 
detection 

.1626(10)(a)(iii) 
.1626(4)(c)(iii) 

11.1 

Include in Operating 
Record a remediation plan 
for gas releases and notify 
NCDENR that plan has 
been implemented 

GROUNDWATER AND SURFACE WATER MONITORING 

Groundwater and surface 
water monitoring reports 

.1626(10)(a)(iv) App. C Semi-annual 

TRAINING 

Certificates of training  .1626(10)(a)(i) 11.1 -- 
Training procedures .1626(10)(a)(i) 11.1 -- 

CLOSURE/POST-CLOSURE (NOT APPLICABLE) 

Any closure or post-
closure monitoring, 
testing, or analytical data 

.1626(10)(a)(v) 11.1 -- 

REQUIRED APPROVED DOCUMENTS TO BE INCLUDED IN THE OPERATING 
RECORD 
Current Operation Plan in accordance with Rule .1626(10)(c) 
Current Water Quality Monitoring Plan in accordance with Rule .1630 
Current Permit to Construct and Permit to Operate 
Current cost estimates and financial assurance documentation in accordance with Rules 
.1626(10)(a)(vi) and .1628 
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Section 2 - Waste Acceptance and Disposal 
Requirements 
Operation Plan 

 

2.1 Waste Definitions 
Agricultural Waste - waste material produced from raising of plants and animals, 
including animal manures, bedding plant stalks, hulls, and vegetative matter. 

Asbestos Waste - any waste material that is determined to contain asbestos. 

Blood Product - all bulk blood and blood products. 

Commercial Solid Waste - all types of solid waste generated by retail stores, offices, 
restaurants, warehouses, and other non manufacturing activities, excluding 
residential waste. 

Construction/Demolition Waste - solid waste resulting solely from construction, 
remodeling, repairs or demolition of buildings, structures, or pavement but does not 
include inert, land-clearing or yard waste. 

Hazardous Waste - any solid waste that is defined as hazardous in 15A NCAC 13A 
261.3 and that is not excluded from regulation as a hazardous waste from 
conditionally exempt small quantity generators as defined within 15A NCAC 13A 
261.5. 

Hot Load - when a waste hauling vehicle is transporting solid waste that is burning or 
smoldering, it is referred to as a hot load. 

Household Waste - any solid waste derived from households including hotels and 
motels, bunkhouses, ranger stations, crew quarters, campgrounds, picnic grounds, 
and day-use recreation areas. 

Industrial Solid Waste - solid waste generated by manufacturing processes that is not 
a hazardous waste regulated under Subtitle C of RCRA.  Such waste may include, but 
is not limited to, waste resulting from the following manufacturing processes:  electric 
power generation; fertilizer/agricultural chemicals;  food and related products/by-
products; inorganic chemicals; iron and steel manufacturing; leather and leather 
products; nonferrous metals manufacturing/foundries; organic chemicals; plastics 
and resins manufacturing; pulp and paper industry; rubber and miscellaneous plastic 
products; stone, glass, clay, and concrete products; textile manufacturing; 
transportation equipment; and water treatment.  This term does not include mining 
waste or oil and gas waste. 

Inert Debris - any solid waste which consists solely of material that is virtually inert, 
such as brick, concrete, rock, and uncontaminated soil. 
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Infectious Waste - any solid waste capable of producing an infectious disease.  These 
types of waste include microbiological waste, pathological waste, blood products, and 
sharps. 

Land Clearing Debris - solid waste which is generated solely from land clearing 
activities such as stumps, trees, limbs, brush, grass, and other naturally occurring 
vegetative material. 

Liquid Hydrocarbons - As defined under Article 21A of Chapter 143 of the North 
Carolina General Statutes: except that any such oils or other liquid hydrocarbons that 
meet the criteria for hazardous waste under the Federal Resource Conservation and 
Recovery Act (P.L. 94-580) as amended. 

Liquid Waste - any waste material that is determined to contain free liquid by Method 
9095 (Paint Filter Test). 

Microbiological Waste - includes cultures and stocks of etiologic agents.  The term 
includes cultures of specimens from medical, pathological, pharmaceutical, research, 
commercial, and industrial laboratories. 

Oils - As defined under Article 21A of Chapter 143 of the North Carolina General 
Statutes: except that any such oils that meet the criteria for hazardous waste under the 
Federal Resource Conservation and Recovery Act (P.L. 94-580) as amended. 

Pathological Waste - includes:  human tissue, organs, body parts, secretions, and 
excretions, blood, and body fluids that are removed during surgery and autopsies; the 
carcasses and body parts of all animals that were exposed to pathogens in research, 
were used in the production of biological or in the in-vitro testing of pharmaceuticals, 
or that died of known or suspected infectious disease. 

Polychlorinated Biphenyls (PCB) - defined as any of several compounds that are 
produced by replacing hydrogen atoms in biphenyl with chlorine.  PCB's were most 
frequently used as an additive to oil or other liquid in situations where heat is 
involved.  PCB's have been used in paints and lubricants, however the most common 
application was in electric transformers. 

Radioactive Waste - any waste that contains radioactivity as defined by the North 
Carolina Radiation Protection Act, G.S. 104E-1 through 104E-23.  Radioactivity is 
defined as the property possessed by some elements of spontaneously emitting alpha 
or beta rays and sometimes gamma rays by the disintegration of the nuclei of atoms. 

Sharps - includes needles, syringes with attached needles, capillary tubes, slides and 
cover slips, and scalpel blades. 
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Spoiled Food - any food which has been removed from sale by the United States 
Department of Agriculture, North Carolina Department of Agriculture, Food and 
Drug Administration, or any other regulatory agency having jurisdiction in 
determining that food is unfit for consumption.  

Treatment or Processing Waste - any waste that is a residual solid from a wastewater 
treatment or pretreatment facility. 

Tires - rubber tires from vehicles.  

White Goods - any inoperative and discarded refrigerators, freezers, ranges, washers, 
dryers, water heaters, and other large domestic commercial appliances. 

Yard Trash - solid waste resulting from landscaping and yard maintenance such as 
brush, grass, tree limbs, and similar vegetative material.  

2.2 Acceptable Waste 
In accordance with 15A NCAC 13B .1626, a Municipal Solid Waste Landfill Facility 
(MSWLF) shall only accept those solid wastes which it is permitted to dispose of.  In 
accordance with the North Carolina Solid Waste Management Rules, except where 
noted, the Buncombe County Sanitary Landfill is permitted to dispose of the 
following using normal operating procedures:   

Agricultural Waste - This waste is acceptable with the exception of animal manures.  

Bulk or Non-Containerized Liquid Waste - The waste is acceptable if the waste is a 
household waste other than septic waste and waste oil or the waste is leachate or gas 
condensate derived from the MSWLF unit.  

Commercial Solid Waste   

Containerized Liquid Waste - This waste is acceptable only if the liquid waste is in 
small containers similar in size to that normally found in household waste, and if the 
small containers are designed to hold liquids for use other than storage, and the waste 
is household waste. 

Household Waste   

Industrial Solid Waste   

Animal Carcasses - Dog and cat carcasses will be accepted at the landfill, however, 
poultry and cattle carcasses will not be accepted.  In accordance with .1626.(1)(c), all 
animal (dog and cat) carcasses delivered to the landfill shall be covered immediately. 
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2.3 Acceptable Waste Requiring Special Handling 
Several components of the acceptable waste stream will require special handling 
procedures.  The waste stream components requiring special handling include, but 
are not limited to the following: 

Asbestos Waste - The County can accept asbestos waste, and is permitted to dispose 
of it in a designated portion of the C&D landfill, however, in order to maintain an 
accurate record of asbestos disposal quantities and locations, landfill staff will identify 
specific locations in each cell that will contain these wastes.  

In accordance with .1626.(1)(d), the waste shall be covered immediately with a soil in 
a manner that will not cause airborne conditions and must be disposed of separate 
and apart from other solid wastes at the bottom of the working face or in an area not 
contiguous with other disposal areas.  Separate areas shall be clearly designated so 
that asbestos is not exposed by future land disturbing activities. 

Barrels and Drums - Barrels and drums may be disposed of if they are empty and 
perforated sufficiently to ensure that no liquid or hazardous waste is contained in 
them. 

Construction/Demolition Waste - This waste is to be disposed in accordance with 
state and federal regulations in the approved location on site. 

Hot Loads - Hot loads arriving at the site should be dumped immediately in the 
designated primary hot load area located near the working face.  The designated area 
must be located only on areas containing compacted refuse covered by at least 6 
inches of cover material.  The location of the primary hot load area will change along 
with the landfill development so as to always be near the working face.  Hot loads 
should be extinguished immediately after being dumped by applying water to the 
burning refuse and by covering the refuse with soil from the stockpile area.  If 
problems are encountered, the local fire department should be called.  Once 
extinguished, the hot load should be observed until it is certain that the fire is out.  
The remaining refuse should then be compacted and buried at the working face. 

Land Clearing Debris/Yard Trash - This waste will be handled at the tub grinder and 
used as the mulch portion for the mulch/soil alternate daily cover mixture.   

Sharps - Sharps shall be accepted for disposal in the lined portion of the lined landfill 
only if the sharps are within a puncture proof container or if the sharps have been 
incinerated. 

Spoiled Food - Spoiled food shall be placed at the bottom of the working face and 
covered immediately. 
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Tires - Tires will be accepted, placed immediately in an on-site trailer and removed 
periodically.  

Treatment or Processing Waste  - per .1626 (1) (e) 

White Goods - All chlorofluorocarbon will be removed and the remainder will be sold 
for scrap metal. 

2.4 Prohibited Wastes 
The following wastes are prohibited from disposal at the Buncombe County Subtitle 
D Landfill. 

Containerized Liquid Waste - Containerized Liquid Waste may not be placed in the 
landfill unless the container is a small container similar in size to that normally found 
in household waste. In addition, Containerized Liquid Waste may not be placed in the 
landfill unless the container is a small container that is designed to hold liquids for 
use other than storage. 

Hazardous Waste – per .1626 (1) (b) (i).  Hazardous waste as defined in 15A NCAC 
13A 261.3, that is not excluded from regulation as a hazardous waste from 
conditionally exempt small quantity generators as defined within 15A NCAC 13A 
261.5 shall not be accepted at the Buncombe County Subtitle D Landfill. 

Inert Debris  

Infectious Waste   

Liquid Waste per .1626 (1) (b) (iii) 

Microbiological Waste   

Pathological Waste   

Polychlorinated Biphenyls (PCB) per .1626 (1) (b) (ii) 

Radioactive Waste   

Sharps - Sharps not within a puncture proof container or sharps that have not been 
incinerated shall not be disposed in the Buncombe County Subtitle D Landfill. 

2.5  Receiving Prohibited Waste 
The Buncombe County Subtitle D Landfill shall only accept those solid wastes that it 
is permitted to receive.  The County will notify the North Carolina Department of 
Environment and Nature Resources Division of Waste Management (NCDENR 
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DWM) within 24 hours of attempted disposal of any waste the C&D and Subtitle D 
landfills are not permitted to receive.   

A report shall be prepared of any attempted delivery of waste of which the landfill is 
not permitted to receive, including waste from outside the permitted landfill service 
area.  The report will be forwarded to: 

Department of Environment and Natural Resources 
Division of Waste Management 
Solid Waste Section 
1646 Mail Service Center 
Raleigh, North Carolina 27699-1646 

2.6 Waste Screening Program 
The Rule .1626(1)(f) require all MSWLFs implement a program at the facility for 
detecting and preventing the disposal of hazardous and liquid waste.  This program 
must include, at a minimum: 

  Random inspection of incoming loads or other comparable procedures 

  Records of inspection 

  Training of facility personnel to recognize hazardous and liquid waste. 

  Development of a contingency plan to properly manage any identified hazardous 
and liquid waste addressing identification, removal, storage, and final disposition 
of the waste. 

A copy of the waste screening plan for the Buncombe County Subtitle D Landfill is 
included in Appendix 5A to this Operation Plan. 
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Section 3 
Cover Material Requirements 
 

3.1 Daily Cover 
In accordance with 15A NCAC 13B .1626 (2), the operator of MSWLF units must cover 
disposed solid waste with six inches of earthen material (or alternative daily cover 
(ADC) approved by the Solid Waste Section (SWS)) at the end of each operating day, 
or at more frequent intervals if necessary, to control disease vectors, fires, odors, 
blowing litter, and scavenging.  The daily cover must: 

 be capable of covering solid waste after it is placed without change in its 
properties and without regard to weather; 

 be noncombustible; and, 

 not include rock fragments that are greater than six inches in diameter. 

3.1.1 Wet Weather Operations 
During wet weather, the County may develop a wet weather working face.  The wet 
weather working face will be kept as small as possible.  At the end of disposal 
operations, the County will cover in accordance with Section 3.1. 

3.2 Intermediate Cover 
In accordance with 15A NCAC 13B .1626 (2), the owner or operator of all MSWLF 
units must place 12-inches of intermediate cover on all areas which will not have 
additional waste placed on them for 12 months or more, but where final termination 
of disposal operations has not occurred.  The composition standards of intermediate 
cover shall be the same as for daily cover in addition to being capable of supporting 
the germination and propagation of vegetative cover. 

3.3  Alternative Daily Cover 
Three ADCs are described in this section; Posi-Shell, soil/mulch mixture, and tarps.  
Each ADC shall provide control for disease vectors, fires, odor, blowing litter, and 
scavenging.  Through SWS required demonstration periods from February 5, 2008 to 
June 5, 2008 and from August 9, 2008 to November 7, 2008, each ADC has been 
determined to provide equal or better element control as soil. 

3.3.1 Posi-Shell 
The Posi-Shell Cover System will be used as an ADC on waste disposed at the Subtitle 
D landfill.  Posi-Shell provides a thin cover that hardens over the covered waste 
surface.   

Posi-shell will be used over disposed waste and may be left as cover for up to 30 days.  
Any areas that have been left for 30 days will be covered with either a lift of waste or 
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soil.  Exposed Posi-shell areas will be visually inspected daily and reapplied when 
necessary. 

County personnel will keep a daily log and field sketch detailing disposal areas and 
dates of posi-shell application.  The daily log is provided following this section. 

3.3.1.1 Properties of Posi-Shell 
The properties of each component of Posi-Shell are available in the Manufacturer’s 
Usage Guide.   

3.3.1.2 Cover System Description 
As described in the Manufacturer’s Usage Guide, the application rate for short-term 
coverage (overnight cover for daily cover operations) is approximately 8 to 10 square 
feet per gallon.  Assuming the working face is less than one acre (100 feet wide and 
400 feet long), the desired load size would be approximately 4,000 gallons.  Posi-shell 
manufacturers may change recipes and County may use newer or better products as 
they become available.  Currently, at a minimum, the Posi-Shell material quantities 
for daily use should be the following: 

 3,200 gallons of liquid (water or leachate), 

 8 bags (15 lbs each) of Posi-Pak,  

 40 bags (50 lbs each) of PSM-200 setting agent,  

 80 bags (94 lb each) of optional Portland cement, and 

 Optional waste latex paint (quantity per manufacturer’s recommendations) 

Posi-Pak is a specially designed plastic fiber with a proprietary finish that provides 
the reinforcement matrix for the finished cover.  PSM-200 setting agent is a blend of 
clay, polymers, and adhesives that provides thickening, lubrication, and adhesion.  
Portland cement can be used as a binder component which will help neutralize odors 
and enhances the durability of the cover system. 

3.3.1.3 Cover System Application Procedures 
Application Procedure 

Application of the Posi-shell will generally follow the manufacturer’s 
recommendation and will employ the following minimum procedures: 

 The Posi-shell will be applied in two different directions to avoid spray shadow or 
wind dispersion; 

 The Posi-shell will be applied at the end of each working day; 
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 The Posi-shell surface will be visually inspected on a daily basis for exposed waste 
and/or inadequate coverage.  Inadequate coverage is generally defined as a 
thickness of less than 1/8 of an inch. 

Areas of exposed waste and/or inadequate coverage will receive an additional 
application prior to operations ending for that day. 

Maximum Daily Area Coverage 

Based on the May 2007 Airspace Analysis Report:  

 Annual 2007 waste disposal rate (MSW only) = 125,000 tons 

 Operating days per year = 284 days 

 Approximate daily waste disposal rate = 440 tons 

 In-place density = 0.50 tons of MSW per cubic yard 

 Daily cubic yards disposed = daily waste disposal rate / in-place density = 880 yd3 
or 23,800 ft3 

The working face will be restricted to the smallest area feasible.  The working lift is 
typically 4 feet high.  Based on a working lift thickness of 4 feet, the working face area 
is 5,400 square feet (daily cubic yards disposed / working lift thickness), which is 
equal to the daily coverage area. 

 

Daily Depth and Quantity to be Applied 

N/A 

Average Monthly Volume of Daily Cover 

N/A 

List of Equipment 

Equipment required for the Posi-Shell consists of a standard hydroseeding unit and a 
towing unit. 

Material and Equipment Storage 

The material components of Posi-Shell will be housed in the machine shop to 
minimize the risk of hydration.  The spraying equipment will be parked in a County 
designated area which will not impede daily operations. 

 
Wet Weather Operation 

The application of Posi-shell during heavy rain events will be minimized.  If Posi-shell 
is applied during periods of heavy rain, the surface will be visually inspected 
following the rain event for exposed waste or inadequate coverage.  
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Contingency Plans 

If, for any reason, the County cannot use Posi-Shell as ADC material, soil, a 
soil/mulch mixture, or tarps will be used.   

Screening Criteria 

N/A   

3.3.2 Soil/Mulch Mixture 
A mulch (30% maximum by volume) and soil mixture is used as another ADC 
material.  Mulch will be hauled from the on-site mulching operations and soil will be 
provided from the County’s on-site borrow area.  The soil/mulch mixture will be free 
of petroleum contaminated soils.  The materials will be mixed at the borrow area or 
the working face.   

Soil/mulch mixture shall not be used more than five (5) consecutive days.  If 
soil/mulch mixture is used on four consecutive days, soil cover will be used on the 
following day. 

3.3.2.1 Properties of Soil/Mulch Mixture 
At the Buncombe County facility, waste segregation occurs at the scale house to 
prevent the mulch processing of any unacceptable material, additionally the mulch 
processing operator segregates waste by placing unacceptable material into a 
dumpster located near the mulching area.  Unacceptable material includes 
construction and demolition debris, potentially contaminated debris, etc.  Since waste 
segregation occurs prior to the waste processing into mulch, the resulting mulch is 
considered inert.   

3.3.2.2 Cover System Application Procedures 
Application Procedure 

Application of the soil/mulch mixture will employ the following minimum 
procedures: 

 The mixure will be prepared by combining three (3) loads of mulch and seven (7) 
loads of soil; 

 Mix soil and mulch load and visually verify that the mixture is adequately 
commingled, ensure that there are no large clumps (3 inches in diameter or larger) 
of either soil or mulch in the mixture; 

 Load and haul soil/mulch mixture to active working face using an articulating 
truck; and 

 Use dozer to cover working face with six inches of soil/mulch mixture. 

The surface will be visually inspected on a daily basis for exposed waste and/or 
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inadequate coverage.  Areas of exposed waste and/or inadequate coverage will 
receive additional cover. 

Maximum Daily Area Coverage 

See Section 3.3.1.3. 

 

Daily Depth and Quantity to be Applied 

As stated above, 6 inches of the soil/mulch mixture will be applied to the daily 
coverage area of 5,400 square feet.  Therefore; the required daily quantity of 
soil/mulch mixture placed is approximately 100 yd3 (Assuming no other daily cover 
is used). 

Average Monthly Volume of Daily Cover 

As stated above, approximately 100 yd3 per day of soil/mulch mixture will be used.  
Assuming 24 working days per month, the average monthly volume of daily cover 
required for normal operating conditions is 2,400 yd3. 

List of Equipment 

An articulating truck and dozer will be used for the application process. 

Material and Equipment Storage 

Any soil/mulch mixture requiring storage will be stored at the borrow area.  Mulch 
stock pile sizes shall not exceed 30 feet in width and 15 feet in height to avoid 
spontaneous combustion and to maintain a manageable pile size in the event of a fire.  
Landfill equipment used for ADC procedures will be stored at County designated 
areas. 

Wet Weather Operation 

The soil/mulch mixture wet weather operation will be similar to the operation the 
County currently follows when using soil as daily cover during wet weather. 

Contingency Plans 

If, for any reason, the County cannot obtain mulch for the on-site processing area for 
use as ADC material, soil, Posi-shell, or tarps will be used.   

Screening Criteria 

Each soil/mulch mixture load will be visually inspected prior to transport to the 
working face to determine if the material is adequately mixed.  The load will not be 
placed if the mixture is not commingled adequately or if foreign material is observed.   

3.3.3 Tarps 
Tarps will be used as another ADC.  The tarps will be placed either manually or by 
using an automatic tarping machine which uses a spreader bar to lay and roll up the 
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tarps.   

Tarps shall not be used more than five (5) consecutive days.  If tarps are used on four 
consecutive days, soil cover will be used on the following day. 

3.3.3.1 Properties of Tarps 
N/A   

3.3.3.2 Cover System Application Procedures 
Application Procedure for Manual Placement 

Application of the tarp will employ the following minimum procedures: 

 Visually inspect working face to ensure that no sharp objects are protruding from 
the compacted waste which may tear the tarp; 

 If necessary, run compacter over any protruding objections; 

 Manually roll out tarp and place over working face, the side cables within the tarp 
and the metal bars on the short ends shall be heavy enough to weigh down the 
tarp; and  

 Place additional tarps as needed to adequately cover working face. 

The tarps will be visually inspected following placement to ensure that uplift will not 
occur.  Additional metals bars will be placed if necessary.  Soil will be placed over any 
areas of exposed waste and/or inadequate coverage. 

Application Procedure for Equipment Placement 

Application of the tarp will employ the following minimum manufacturer’s 
recommended procedures: 

 Visually inspect working face to ensure that no sharp objects are protruding from 
the compacted waste which may tear the tarp; 

 If necessary, run compacter over any protruding objections; 

 Using an automatic tarping machine, install tarp directly on working face, the side 
cables within the tarp and the metal bars on the short ends shall be heavy enough 
to weigh down the tarp; and 

 Lay additional tarps as needed to adequately cover working face. 

The tarps will be visually inspected following placement to ensure that uplift will not 
occur.  Additional metals bars will be placed if necessary.  Soil will be placed over any 
areas of exposed waste and/or inadequate coverage. 
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Maximum Daily Area Coverage 

See Section 3.3.1.3. 

 

Daily Depth and Quantity to be Applied 

N/A 

Average Monthly Volume of Daily Cover 

N/A 

List of Equipment 

An automatic tarping machine and/or dozer will be used for the tarp installation. 

Material and Equipment Storage 

The automatic tarping machine and tarp will be stored in a County designated area 
that will not conflict with daily haul and disposal operations. 

Wet Weather Operation 

The tarping wet weather operation will be similar to the operation the County 
currently follows when using soil as daily cover during wet weather. 

Contingency Plans 

If, for any reason, the County cannot use tarps as ADC, soil, Posi-shell, or a 
soil/mulch mixture will be used.   

Screening Criteria 

N/A 



                                                                POSI SHELL RECORD SHEET

DATE                                 WEATHER CONDITIONS A.D.C. LOAD(S) INITIALS
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Section 4 - Disease Vector Control 
Operation Plan 

 
In accordance with 15A NCAC 13B .1626 (3), owners or operators of all MSWLF units 
must prevent or control on-site population of disease vectors using techniques 
appropriate for the protection of human health and the environment.  Disease vectors 
are defined as any rodent, flies, mosquitoes, or other animals, including insects, 
capable of transmitting disease to humans. 

Effective vector control measures shall be applied when necessary.  Control of vectors 
will be maintained by application of cover material over the compacted solid waste.  
This will protect against migration of vectors into and from the landfill.  Stagnant 
ponding water should be prevented to control mosquito breeding.  Filling in low 
spots should be performed regularly, and if necessary, County mosquito control or a 
licensed exterminator shall be employed to control vectors.  
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Section 5 - Explosive Gas Control 
Operation Plan 

 
In accordance with 15A NCAC 13B .1626 (4) ,the owners or operators of all MSWLF 
units must ensure that: 

 the concentration of methane gas generated by the facility shall not exceed 25 
percent of the lower explosive limit for methane in facility structures (excluding 
gas control or recovery system components); and, 

 the concentration of methane gas does not exceed the lower explosive limit for 
methane at the facility property boundary.  

Owners or operators of all MSWLF units must implement a routine methane 
monitoring program to ensure that the above standards are met.  A Methane 
Monitoring Plan prepared in accordance with this rule is located in Appendix 5C of 
this Operations Plan. 
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Section 6 - Air Criteria 
Operation Plan 

 

6.1 State Implementation Plan 
In accordance with 15A NCAC 13B .1626 (5), the owner or operator of all MSWLFs 
must ensure that units do not violate any applicable requirements developed under a 
State Implementation Plan (SIP) approved or promulgated by the U.S. EPA 
Administrator pursuant to Section 110 of the Clean Air Act, as amended.   

All of the SIP requirements are listed in the current Title V Operating Permit for the 
Subtitle D landfill.  The County is in compliance with the Title V Operating Permit 
thusly are not in violation of any SIP requirements. 

6.2 Open Burning of Waste 
In accordance with 15A NCAC 13B .1626 (5) (b), open burning of solid waste, except 
for the infrequent burning of land clearing debris generated on site or debris from 
emergency clean-up operations, is prohibited at all MSWLF units.  Any such 
infrequent burning must be approved by the Division of Solid Waste Management. 

6.3  Fire Protection Equipment 
In accordance with 15A NCAC 13B .1626 (5) (c), equipment shall be provided to 
control accidental fires or arrangements shall be made with the local fire protection 
agency to immediately provide fire fighting services when needed.  Fires that break 
out close to the surface of the fill area should be dug out 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. 

6.4 Notification of Fire 
In accordance with 15A NCAC 13B .1626 (5) (d), fires that occur at the MSWLF require 
verbal notice to the Division of Solid Waste Management within 24 hours and written 
notification shall be submitted within 15 days. Verbal and written notification shall be 
submitted to: 

Department of Environment and Natural Resources 
Division of Waste Management 
Solid Waste Section 
1646 Mail Service Center 
Raleigh, North Carolina 27699-1646 
(919) 508-8400 
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Section 7 - Access and Safety Requirements 
Operation Plan 

 

7.1 Landfill Access and Security 
In accordance with 15A NCAC 13B .1626 (6) (a), the Buncombe County Subtitle D 
Landfill must be adequately secured by means of gates, chains, berms, fences and 
other security measures approved by the Division of Solid Waste Management to 
prevent unauthorized entry. 

All vehicles disposing of waste at the facility will enter and leave through the access 
control gate.   All waste entering the landfill must be weighed in at the scalehouse 
where a full-time Scale Operator verifies compliance with operation requirements.   
Unauthorized vehicle access to the site is prevented around the remaining portion of 
the landfill property by woods, wetlands, and storm water ditches. 

7.2 Attendant 
In accordance with 15A NCAC 13B .1626 (6) (b), an attendant shall be on duty at the 
site at all times while the facility is open for public use to ensure compliance with 
operational requirements. 

A full-time Scale Operator will be located in the scale house during operating hours.  
The Scale Operator will verify compliance with operation requirements.  In addition, 
a Facility Supervisor will be present on-site at all times during operation. 

7.3 Access Road  
In accordance with 15A NCAC 13B .1626 (6) (c), the access road to the site shall be of 
all weather construction and maintained in good condition. Potholes, ruts, and debris 
on the roads will receive immediate attention in order to avoid damage to vehicles.  
Access roads will be regraded as necessary to maintain positive slope for adequate 
drainage. 

7.4 Dust Control 
In accordance with 15A NCAC 13B .1626 (6) (d), dust control measures shall be 
implemented when necessary.  Minimum dust control will include a water truck for 
wetting of dusty roads.  Petroleum products shall not be used for dust control. 

7.5 Signs 
In accordance with 15A NCAC 13B .1626 (6) (e), a sign providing information on 
disposal procedures, operation hours, tipping fee, permit number, and other pertinent 
information shall be clearly posted at the site entrance. 

In accordance with 15A NCAC 13B .1626 (6) (f), signs shall be clearly posted stating 
that no hazardous or liquid waste can be received.  



Section 7 
Access and Safety Requirements 

 

A  February 2011 

  7-2 

 

In accordance with 15A NCAC 13B .1626 (6) (g), traffic signs or markers shall be 
provided as necessary to promote an orderly traffic pattern to and from the discharge 
area and to maintain efficient operating conditions.  

7.6 Waste Removal Scavenging Policy 
In accordance with 15A NCAC 13B .1626 (6) (h), the removal of solid waste from the 
landfill will be prohibited unless the County approves and the removal is not on the 
working face. 

7.7 Barrel and Drum Disposal 
In accordance with 15A NCAC 13B .1626 (6) (i), barrels and drums shall not be 
disposed of unless they are empty and perforated sufficiently to ensure that no liquid 
or hazardous waste is contained therein. 
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Section 8 - Erosion and Sediment Control 
Requirements 
Operation Plan 

 

8.1 Control of Sediment  
In accordance with 15A NCAC 13B .1626 (7) (a), adequate sediment control measures 
shall be utilized to capture and control sediment in order to prevent sediment from 
impacting wetlands and off-site properties. 

Surface water runoff passing through the landfill site shall be diverted to the sediment 
ponds by the use of ditches, berms, and pipes as shown on the Operation Drawings.  
Stormwater sedimentation ponds shall be constructed in accordance with the 
approved Sediment and Erosion Control Plan for control of on site stormwater run off 
and sediment transport from landfill operation. 

The sedimentation ponds have been designed in such a manner that releases will not 
overload downstream drainage features or damage adjacent property.  Sediment 
accumulated in the ponds shall be removed as specified in the approved Erosion 
Control permit.  Silt gages shall be installed in all ponds as shown on the Detail Sheets 
in the Engineering Plan.  Ditches require frequent inspection for sediment buildup.  
At a minimum, the sediment buildup should be assessed after all significant rain 
events. 

8.2 On-Site Erosion Control 
In accordance with 15A NCAC 13B .1626 (7) (b), adequate erosion control measures, 
shall be utilized to prevent excessive on-site erosion of slopes and roadways. 

Erosion control measures shall include: 

A. Disturbing as little area as practical at any one time for landfilling operations. 

B. Seeding/mulching of all disturbed areas commencing as soon as practically 
possible.  Employing erosion netting or sod on steep slopes and other erosion 
prone areas. 

C. Use of earthen berms, hay bales, silt fences, riprap or equivalent devices down- 
gradient of disturbed areas, stockpiles, around drainage pipes inlets and outlets 
and at intervals along grassed waterways, until such time as permanent 
vegetation is established. 

D. Placement of riprap at the inlets and outlets of storm water piping. 
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8.3 Vegetative Cover  
In accordance with 15A NCAC 13B .1626 (7) (c), vegetative ground cover sufficient to 
restrain erosion must be established within 30 working days or 120 calendar days 
upon completion of any phase of landfill development. 

Riprap, haybales, or other acceptable temporary methods of erosion control may be 
required until permanent cover is established.  Areas where final grade has been 
reached can be stabilized by mulching until a vegetative cover is established.  Soil 
mulching can be achieved using wood chips, straw, hay, asphalt emulsion, jute 
matting, and synthetic fibers.  Mulches allow for greater water retention; reduce the 
amount of runoff; retain seeds, fertilizer, and lime in place; and, improve soil moisture 
and temperature conditions. 

Temporary seeding shall be applied in accordance with the NC Erosion and Sediment 
Control Planning and Design Manual, June 2006.  
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Section 9 - Drainage Control and Water 
Protection Requirements 
Operation Plan 

 

9.1 Surface Water Diverted From Operational Area 
In accordance with 15A NCAC 13B .1626 (8) (a), surface water shall be diverted from 
the operational area.  Excessive surface water at the working face creates difficulties 
for manuevering equipment and prevents the operator from achieving maximum 
compaction of the waste.  To divert surface runoff away from the working face, 
temporary diversion berms shall be installed on the current lift, up-gradient from the 
working face and in other locations as dictated by the direction of grade.  The area 
between the temporary berm and the working face should be limited to one acre to 
prevent excessive ponding.  The soil cover in the areas beyond the diversion berms 
shall be uniformly graded and compacted to prevent the formation of erosion 
channels.  In the event that channels do form, the cover shall be promptly repaired.  
During the formation of the initial lift of each disposal unit additional measures shall 
be employed to divert surface water.  For portions of the disposal unit that have not 
yet received waste, surface water can be better diverted by temporarily plugging the 
leachate collection line at the location where the temporary berm intersects the line.  
Since the surface water that will pond at the plugged location is uncontaminated, it 
can pumped from the disposal unit to the storm water management system. 
Temporary diversion berms and plugs that are no longer needed shall be promptly 
removed and the area regraded to promote uniform runoff of surface water. 

9.2 Surface Water Shall Not Be Impounded Over Waste 
In accordance with 15A NCAC 13B .1626 (8) (b), surface water shall not be 
impounded over or in waste.  Completed areas shall be adequately sloped at a 
minimum of 4% to allow surface water runoff in a controlled manner. 

9.3 Waste Shall Not Be Disposed Of In Water 
In accordance with 15A NCAC 13B .1626 (8) (c), solid waste shall not be disposed of in 
water.  Based on design, the minimum four foot separation from the seasonal high 
groundwater table to the bottom of the liner system will be maintained at all times. 

9.4 Leachate Collection and Disposal 
In accordance with 15A NCAC 13B .1626 (8) (d), leachate shall be contained on-site or 
properly treated prior to discharge.  An NPDES permit is required for surface 
discharge prior to discharge of leachate to surface waters. 

Leachate generated will be collected and disposed in accordance with the leachate 
management plan provided in Section 13. 
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9.5 Leachate Discharge 
In accordance with 15A NCAC 13B .1626 (8) (e) (i), MSWLF units shall not cause a 
discharge of pollutants into waters of the United States, including wetlands, that 
violate any requirements of the Clean Water Act, including, but not limited to, the 
National Pollutant Discharge Elimination System (NPDES) requirements, pursuant to 
Section 402. 

In accordance with 15A NCAC 13B .1626 (8) (e) (ii), MSWLF units shall not cause a 
discharge of a nonpoint source of pollution to waters of the United States, including 
wetlands, that violates any requirement of an area-wide or State wide water quality 
management plan that has been approved under Section 208 or 319 of the Clean 
Water Act, as amended. 

Leachate generated is contained on-site.  The management system is discussed in 
Section 13. 
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Section 10 - Liquid Restrictions 
Operation Plan 

 
Liquid waste is defined as any waste material that is determined to contain "free 
liquid" as defined by Method 9095 (Paint Filter Liquids Test).  A description of how to 
conduct a paint filter test is included in Section 10.3. 

10.1 Bulk or Non-Containerized Liquid Waste 
In accordance with 15A NCAC 13B .1626 (9) (a), bulk or non-containerized liquid 
waste may not be placed in a MSWLF unit unless: 

 The waste is liquid household waste other than septic waste and waste oil. 

 The waste is leachate or gas condensate from gas recovery derived from the 
MSWLF unit, whether it is a new or existing MSWLF unit or lateral expansion, is 
designed with a composite liner and leachate collection system per North Carolina 
Solid Waste Management Rules (Rule .1624). 

10.2 Containerized Liquid Waste 
In accordance with 15A NCAC 13B .1626 (9) (b), containers holding liquid wastes may 
not be placed in MSWLF units unless: 

 The container is small and similar in size to that normally found in household 
waste containing liquid waste,  

 The container is designed to hold liquids for use other than storage; and,  

 The waste is household waste. 

10.3 Paint Filter Test 
According to 40 CFR 264.314 and 265.314, the placement of any liquid which is not a 
hazardous waste in a landfill is prohibited unless the owner or operator of such 
landfill demonstrates to the Regional Administrator, or the Regional Administrator 
determines that: 

 The only reasonably available alternative to the placement in such landfill is 
placement in a landfill or unlined surface impoundment, whether or not permitted 
or operating under interim status, which contains, or may reasonably be 
anticipated to contain, hazardous waste. 

 Placement in such landfill will not present a risk of contamination of any 
underground source of drinking water. 
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To demonstrate the absence or presence of free liquids in either a containerized or 
bulk waste, the following test must be used: Method 9095 (Paint Filter Test).  This 
method is used to determine compliance with 40 CFR 264.314 and 265.314. 

To conduct the Paint Filter Tests, a pre-determined 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.  The 
test apparatus and materials are presented in Figure 10-1.  The paint filter is required 
to be a conical paint filter mesh number 60 (fine meshed size).  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.    
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Section 11 - Recordkeeping Requirements 
Operation Plan 

11.1 Regulatory Requirements 
In accordance with 15A NCAC 13B .1626 (10), the owner or operator of a MSWLF unit 
must record and retain at the facility, or an alternative location near the facility 
approved by the Division, the following information as it becomes available: 

 Inspection records, waste determination records, and training procedures; 

 Amount by weight of solid waste received at the facility to include source of 
generation; 

 Gas monitoring (methane monitoring) results and any remediation plans; 

 Any demonstration, certification, findings, monitoring, testing, or analytical data 
required for groundwater monitoring requirements, groundwater monitoring 
systems, groundwater sampling and analysis requirements, detection monitoring, 
assessment monitoring, assessment of corrective measures, selection of remedy, 
and implementation of corrective action program; 

 Any monitoring, testing, or analytical data required for Closure and Post-Closure 
Plans; 

 Any cost estimates and financial assurance documentation required by financial 
assurance requirements; 

All information contained in the operating record must be furnished upon request to 
the Division or be made available at all reasonable times for inspection by the 
Division.  The owner or operator must maintain a copy of the operation plan required 
by Rule .1625 at the facility. 

The County will keep all required documentation either at the scale house or 
administration building at the facility entrance. 

11.2 Permit File 
A file containing all appropriate permits should be kept on site.  The file shall include 
the following permits at the minimum: 

 Current solid waste permits (Permit to Construct and Permit to Operate); 

 Sediment and Erosion Control Permits; 

 Applicable NPDES Stormwater Permits; and 

 Applicable leachate disposal permit 
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Section 12 - Spreading and Compacting of 
Waste 
Operation Plan 

 

12.1 Solid Waste Working Area  
In accordance with 15A NCAC 13B .1626 (11) (a), operators shall restrict solid waste 
within MSWLF units to the smallest area feasible.  The working face is defined as 
where waste is unloaded, inspected, spread, compacted, and ultimately covered with 
cover material.  The working face shall be wide enough to prevent a backlog of 
vehicles waiting to unload and to allow adequate working space for landfill 
equipment.  At a maximum, the width of the working face shall not exceed 100 feet. 

12.2 Solid Waste Compaction  
In accordance with 15A NCAC 13B .1626 (11) (b), solid waste shall be compacted as 
densely as practical into cells.  After solid waste is discharged from vehicles, it shall be 
inspected for unacceptable items and subsequently spread on the working face not 
steeper than four feet horizontal to one foot vertical in layers not to exceed 2 feet in 
thickness.  All areas of each layer shall be compacted by at least four passes of a 
compactor in order to achieve a minimum waste density of approximately 1,000 
pounds per cubic yard. 

12.3 Controlling Wind Blown Material  
In accordance with 15A NCAC 13B .1626 (11) (c), appropriate methods such as 
fencing and diking shall be provided as needed within the landfill area to confine 
solid waste subject to be blown by the wind. 

Portable litter screens shall be placed downwind of the working face as needed.  The 
screens shall be kept as close to the working area as possible without unduly 
interfering with landfill operations.  The screens shall be moved promptly when 
required by change in wind direction or progress of the fill.  Additional screens or 
alternative measures may be required to prevent blowing litter from escaping the 
working area. 

At the conclusion of each day of operation, windblown material at the landfill site 
shall be collected and returned to the working face. 
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Section 13 - Leachate Management Plan 
Operation Plan 

 
This plan has been prepared in accordance with Rule .1626 (12) and the Leachate Spill 
Corrective Action/Permit to Operate dated July 2008.   

13.1 Maintenance and Inspection of the Leachate Storage 
Pond and Collection System 

The maintenance plan has been prepared in accordance with Rule .1626 (12) (a). 

13.1.1 System Design 
The leachate collection pipes within the municipal solid waste landfill (MSWLF) cells 
will convey collected leachate by gravity to a sump area, where a submersible pump 
will pump leachate to the leachate storage pond located south of the landfill.  
Cleanouts are located at the upstream ends of the collection pipes, and at the sump 
area low point.  A submersible pump at the storage pond can pump leachate through 
a flow metering vault, to a truck loading station, where tank trucks can be filled to 
haul leachate to the Metropolitan Sewerage District (MSD) wastewater treatment 
plant.  The pond will serve as an equalization basin to absorb peak flows coming from 
the submersible pumps in each cell.   

Each leachate pump station is provided with numerical identification at the leachate 
pump control panel.  One pump control panel is provided for each submersible 
leachate pump station and is provided in a common enclosure.  The control panel is 
programmed to respond to the liquid level sensor to automatically start and stop 
pumps in response to changes in liquid levels and to allow manual control of the 
sump when needed.  Each control panel is equipped with visual and audible high 
level alarms programmed to activate when the leachate levels exceed one foot of 
head. 

13.1.2 Leachate Storage Pond 
Inspection of the leachate storage pond constructed, visible surfaces will be made on 
an annual basis by County staff.  Any stored leachate and sediment in the pond must 
be removed so that the pond bottom is visible.  The inspector should perform a 
thorough walkover of the pond bottom, surveying the protective layer for any signs 
of damage, such as cracks, tears, gouges, uplift, or soft spots.  Observations should be 
recorded and photographs should be taken of the areas of concern and also placed in 
the operating record.   

If damage or potential problems are discovered, they should be reported to the facility 
supervisor so that repairs may be made as soon as possible.  All repair activities 
should be recorded.  The pond should be put back on-line as soon as possible, to 
minimize leachate storage time within the sump areas in the cells. 
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13.1.3 Leachate Collection System 
The perforated leachate collection piping will be pressure cleaned and flushed 
annually to remove any accumulation of debris, sediment, or organic growth, which 
will be achieved by inserting a self-propelled, high pressure jetting system into the 
collection pipes by way of the clean-out ports.  Remote camera inspections of the 
leachate collection lines shall also occur, following initial cleaning, and at least once 
every five years thereafter.   

The sump control panels will be visually inspected during weekly leachate quantity 
data collection to ensure proper audio and visual alarm operations, reset functions 
and normal operations performance.  Any components not properly functioning shall 
be promptly repaired or replaced. 

Flow meter operation will be validated by comparing the recorded flows at each 
individual sump.  Flow meters not properly operating will be removed and replaced.   

The operator shall also, on a weekly basis, visually observe the landfill sideslopes for 
leachate breakouts and the perimeter berm for staining, which would indicate a 
potential pipe failure.  All exposed leachate piping shall also be monitored for leaks.   

In addition to weekly observations, the operator shall, after substantial rainfall events 
equal to or exceeding ½ inch, observe the landfill sideslopes for leachate breakouts, 
leaks or pipe failures. 

13.2 Leachate Monitoring 
13.2.1 Quantitative Monitoring 
Per Rule .1626 (12) (b), the County maintains leachate generation records.  Each sump 
pump station is designed with a flow meter to measure the leachate generated from 
each cell.  The operator shall read and register the leachate flows on a weekly basis at 
each of the sump pump stations.   

The information to be collected shall include the date, time, leachate quantity (in 
gallons), pump run time, leachate levels, and the name of the person taking 
measurements.  Weekly measurements recorded at each sump pump station will be 
used to detect potential pump malfunction.  While taking weekly sump readings the 
operator shall also record the leachate level within the leachate pond.  Should the 
leachate pond minimum freeboard level of 12 inches be exceeded the NCDENR will 
be notified immediately.  

Leachate that is trucked off-site is also recorded.   

13.2.2 Qualitative Monitoring 
Per Rule .1626 (12) (c) semi-annual leachate quality sampling is required.   
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13.2.3 Recordkeeping 
All records shall be maintained at the landfill by the operator and made available to 
Solid Waste Section (SWS) personnel for inspection when requested.   

13.3 Leachate Disposal Approval 
Per Rule .1626 (12) (d), approval for final leachate disposal is required.  Leachate from 
the landfill will be pumped from the storage pond to the truck loading station, which 
will fill trucks used to haul the leachate to the MSD sanitary sewer system for final 
disposal.  An approval letter from MSD stating that they will accept the landfill 
leachate will be included in the operating records.   

13.4 Leachate Management Contingency Plan 
The leachate management contingency plan is prepared in accordance with Rule .1626 
(12) (e).  

13.4.1 Leachate Sump Pump Station 
Should a pump station not appear to be functioning properly, based upon weekly 
monitoring records, the pump will be removed and evaluated in accordance with 
manufacturer recommendations.  If troubleshooting techniques do not provide a 
prompt resolution, one of the spare pumps located on-site will be installed in its place 
and necessary repairs will be made. 

Should power be lost at the site the pump station control panels are equipped with 
receptacles for a portable emergency generator to operate the pump stations until 
power is restored.  A portable emergency generator will be available within 12 hours 
and used in the event of a power outage. 

13.4.2 Leachate Storage 
During periods when components of the leachate pond pump station are inoperative 
or down for maintenance, or when storm flows are extremely high, excessive leachate 
will be dealt with using either of two contingency plans.  

The storage capacity of the leachate storage pond is approximately 1,000,000 gallons, 
when completely full to within 12 inches of the top of the pond liner.  This will 
provide up to 17 days of storage during peak leachate flow periods, and about 69 
days storage for average annual daily flows.  If surface evaporation rates are 
considered, even longer storage periods can be achieved.  This volume is also 
adequate to capture the leachate from the peak rainfall event from the five years of 
rainfall data used in the HELP model leachate projections (assuming several acres of 
open cell area with only the first solid waste lift installed) and still have reserve 
capacity for additional daily flows.  Therefore, considerable storage capability is 
provided by the leachate pond for periods of unusually high precipitation or unusual 
operating conditions.   
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Should a period of substantial rainfall persist, and the leachate pond approach full 
stage, the pumping stations can be turned off.  The leachate would be temporarily 
stored in the disposal cells until the level in the pond is adequately reduced.  The cells 
would be monitored daily to ensure that overflow does not occur.  If the storage pond 
encroaches to within 6 inches of the ponds 12-inch freeboard (18 inches from the top 
of the pond liner), leachate hauling will be increased to a frequency adequate to 
deplete the leachate volume in the storage pond to an acceptable level.   

Should power be lost at the site the pump station control panel at the leachate pond is 
equipped with receptacles for a portable emergency generator, to operate the pumps 
long enough to control leachate flow volumes. A portable emergency generator will 
be available within 12 hours of a power outage. 

13.4.3 Leachate Breakout 
In the event of a breakout, leak or pipe failure, the County will immediately notify 
SWS and identify the areas contaminated by the breakout/leak/pipe failure, if any.  
Should leachate collect in a sediment pond or other surface waters, the County will 
analyze the contaminated water for the Appendix 1 list of constituents and BOD5, 
COD, phosphate, nitrate and sulfate.  The sample results will be forwarded to SWS 
and used to determine whether the pond or surface waters are impacted by the 
release.   
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Section 5A: 1 – Introduction 
Appendix 5A – Waste Screening Plan 
Operation Plan 

 
This Waste Screening Plan sets forth the procedures and programs implemented by 
the solid waste management staff of Buncombe County to identify and safely dispose 
of unauthorized wastes brought to the County owned landfill.  This plan also presents 
the procedures and policies established by Buncombe County that comply with State 
and Federal regulations requiring random waste screening by owners of Municipal 
Solid Waste Landfills (MSWLF).  

Buncombe County manages the storage, collection, and disposal of solid wastes in 
accordance with state and federal regulations and in a manner that protects the public 
health, safety, and welfare of the residents of Buncombe County.  Some of the 
standard operating procedures at the landfill are designed to insure that 
unauthorized wastes, as defined by state and federal regulations, are not landfilled. 

Current County programs and procedures fulfill some state and federal regulations 
for waste screening to detect or prevent landfilling of prohibited or unauthorized 
solid wastes.  Some of these programs and facilities include:  

• Hazardous waste awareness certification training for landfill staff 

• County owned and operated drop-off facilities for lead acid batteries, yard wastes, 
white goods, and whole scrap tires 
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Section 5A: 2 - Overview of Waste 
Screening Plan 
Appendix 5A – Waste Screening Plan 
Operation Plan 

 
This Waste Screening Plan presents the standard operating procedures at the County 
landfill.  It presents the procedures and contingency plan that the County will 
implement to comply with applicable State and Federal regulations. 

This Waste Screening Plan: 

• identifies the federal and state regulatory authority for prohibiting the landfilling 
of certain categories of solid waste; 

• identifies and defines the wastes to which waste screening applies;  

• describes the required training for facility personnel; and, describes the 
designated area to be used to screen waste loads; 

• presents the procedures, decisions, and actions which will be taken if a waste load 
is suspected of containing a waste covered by this plan or is found to contain such 
a waste; 

• explains how records of inspections will be kept and how notification of the 
proper authorities will take place if prohibited waste is discovered; and 

• clarifies the financial and legal responsibility of the County and the waste hauler 
who brings the prohibited waste to the landfills.
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Section 5A: 3 - Regulatory Background 
Appendix 5A – Waste Screening Plan 
Operation Plan 

 
Federal, state, and county regulations each prohibit certain categories of waste from 
being landfilled.  This section presents the regulatory authority prohibiting certain 
categories of waste from being landfilled and the requirement for waste screening. 

5A: 3.1  Federal and State Regulations 
US EPA Subtitle D, Subpart C Operating Criteria, 40 CFR Section 258.20 (Procedures 
for Excluding the Receipt of Hazardous Waste) and North Carolina State Solid Waste 
Management Rules Title 15A NCAC 13B .1626 (1)(f) require that owners or operators 
of all municipal solid waste landfill (MSWLF) units to implement a program at the 
facility for detecting and preventing the disposal of regulated quantities of hazardous 
wastes and PCB waste.  This program must include: 

• random inspections of incoming loads, 

• records of any inspections,  

• training of facility personnel to recognize regulated hazardous waste and 
polychlorinated biphenyls (PCB) waste, and, 

• a contingency plan including notification to authorized state or EPA RCRA 
Subtitle C administrator if a regulated hazardous waste is discovered at the 
facility. 

5A: 3.2 Materials Prohibited From MSW Landfilling 
By North Carolina and federal regulations, a MSWLF shall only accept for landfilling 
those solid wastes which it is permitted to receive.  According to Rule .1626(1) the 
following wastes are prohibited from disposal at a MSWLF unit: 

• Hazardous waste as defined within 15A NCAC 13 A, to include hazardous waste 
from conditionally exempt small quantity generators. 

• Polychlorinated biphenyls (PCB) wastes as defined in 40 CFR 761. 

• Liquid wastes unless it is household waste other than septic tank waste or waste 
oil. 

• Containers holding liquid waste unless the container is a small container similar 
in size to those normally found in household wastes. 
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5A: 3.3  County Regulations 
Buncombe County only accepts for landfilling materials it is permitted to receive by 
state solid waste permit.  This is limited to materials which comply with federal and 
state regulations as acceptable for MSW landfilling.  Special wastes which receive 
state approval as described in Section 5A: 5 of this plan are accepted.   

Buncombe County reserves the right to turn away any waste hauling vehicle 
containing materials it is not permitted to accept based on federal or state regulations 
and which in its judgement require special handling and cannot safely be managed by 
the operating staff of the Buncombe County landfill.  
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Section 5A: 4 - Applicability 
Appendix 5A – Waste Screening Plan 
Operation Plan 

 
This Waste Screening Plan and related programs apply to all wastes regulated as 
hazardous waste as defined by Subpart D of 40 Code of Federal Register (CFR) Part 
261; wastes which exhibit hazardous characteristics (including ignitability, corrosivity, 
reactivity, and toxicity) as defined in Subpart C of 40 CFR 261; wastes which are a 
mixture of hazardous and non-hazardous wastes; and PCB wastes as defined by 40 
CFR Section 761.60.  

This plan does not address: residential solid waste; waste that is exempt as a 
conditional small quantity as defined by 40 CFR Section 261.4(b) and 261.5; or, small 
quantities of PCB's found in items such as fluorescent ballasts and small capacitors 
typically found in consumer electric appliances.  This plan does not apply to yard 
waste and scrap tires which are prohibited from landfilling primarily for recycling 
and waste reduction reasons.  This plan does not apply to wastes that have been 
conditionally approved for landfilling by Buncombe County based on approval by 
North Carolina Department of Environment, and Natural Resources (NCDENR) 
through the "waste determination" process as described in Section A5 of this plan.
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Section 5A: 5 - North Carolina Solid Waste 
Determination Process 
Appendix 5A – Waste Screening Plan 
Operation Plan 

 
Some industrial and manufacturing solid wastes that may, by definition, be regulated 
and prohibited from being landfilled can be accepted for landfilling by Buncombe 
County if determined to be safe by NCDENR.  A letter detailing the waste 
determination and the associated appropriate laboratory analysis must be completed 
by the generator, approved by NCDENR, and submitted to Buncombe County to 
receive this conditional approval for landfilling.  When this waste is hauled to the 
landfill, the hauler must provide a letter verifying that the County has agreed to 
accept the waste.   

Special waste disposal requires prior approval. 
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Section 5A: 6 - Training 
Appendix 5A – Waste Screening Plan 
Operation Plan 

 
The Buncombe County Solid Waste Inspector should be certified by satisfactorily 
completing SWANA’s course, waste screening at municipal solid waste management 
facilities, or similar.  All County solid waste management staff are encouraged to 
complete this training.  The Solid Waste Inspector has been instructed in the 
procedures, as described in this plan, to follow if hazardous or regulated waste is 
identified or suspected in a waste load received at the landfill. 
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Section 5A: 7 - Designated Area For Waste 
Screening 
Appendix 5A – Waste Screening Plan 
Operation Plan 

 
A special area will be designated as the waste screening area.  The designated area 
will be: 

• inside the landfill site on property owned and managed by the County; 

• at least 100 feet from the working face of the landfill and easily accessible to truck 
traffic; 

• at least 100 feet within the landfill's disposal boundaries; 

• on leveled ground with a surface of compacted soil similar to the soil throughout 
the landfill; and, 

• in an open area where it is protected or screened from to high winds (such as at 
the bottom of a hill)  

Waste loads selected for random screening and suspicious waste loads will be taken 
to this designated area for screening.  If the load is dumped or unloaded onto the 
ground in the designated area, and is found to contain hazardous or other wastes 
prohibited from being landfilled, the party who brought the waste to the landfill will 
be required to cover all costs associated with removal, treatment, and safe disposal of 
that waste load as well as any contaminated soil and surrounding natural features 
which occurred because of the unloading of the prohibited waste at the designated 
area.   Verification of proper disposal of the waste and any additional and reasonable 
testing of the soil and water in the designated area, necessary to insure that no 
contamination remains are the legal and financial responsibility of the party who 
brought the waste to the landfill.
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Section 5A: 8 - Identifying Suspicious 
Waste Loads Via Standard Landfill 
Operation 
Appendix 5A – Waste Screening Plan 
Operation Plan 

 
As part of the standard operating procedures at Buncombe County landfill, all drivers 
of incoming loads are questioned about the content and source of their wasteload.   
Scale house operators and landfill staff, trained as per Section 5A: 6 to recognize 
hazardous waste and wastes prohibited from being landfilled, have the authority to: 

• detain a waste load from being unloaded at the working face of the landfill, 

• request additional information from the driver about the wasteload,   

• divert the driver to the designated waste screening area,  

• temporarily prohibit the wasteload from being deposited at the working face, and  

• contact the landfill supervisor who has the authority to reject the waste load.  

Figure 5A: 8-1 presents a flow chart/decision tree summarizing the points at which a 
landfill staff can stop a truck, which they believe to contain prohibited wastes, for 
further inspection.  The procedure begins with a visual observation by landfill staff 
and a questioning of the driver as to the contents of the wasteload.  Drivers of 
suspicious loads are asked if they have an approved waste determination letter as 
described in Section 5A: 5.  Files are searched to verify whether or not this letter exists 
for the load in question.  Depending on the satisfactory answering of these questions 
and the judgement of the landfill staff, either the load is disposed of at the working 
face or the landfill supervisor is contacted, a waste screening form/record of 
inspection is completed, and a further screening of the waste load takes place.  If a 
wasteload is suspected of containing hazardous or prohibited materials covered by 
this plan, the waste hauler and the Buncombe County Solid Waste Inspector are 
immediately contacted by telephone and requested to send an authorized 
representative to the site of the wasteload. The driver and truck are released as soon 
as they have adequately completed their sections on the waste screening form and the 
waste hauler has been reached.   If the wasteload was deposited at the working face, 
the wasteload is not moved or altered.  Landfill operations will be moved away from 
the load until a final disposition can take place.   Based on the discretion of the landfill 
supervisor and the County's Solid Waste Inspector, Buncombe County Emergency 
Management (BCEM) is contacted to come to the site and determine if the materials 
are hazardous or prohibited waste. 

If the waste is determined to be non-hazardous and is permitted for landfilling under 
state, federal, and county laws, the County absorbs the cost for the testing by BCEM.  
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If the waste is found to be hazardous or prohibited, the hauler will be billed for the 
testing by BCEM and be required to immediately remove the waste and demonstrate 
to the County and the State that it was disposed of properly.  The hauler will also be 
required to cover all costs associated with site clean-up and verification that the site is 
safe.  If the waste is not removed within 24 hours as required, the County shall have 
the waste removed and disposed of properly and bill the waste hauler for all the costs 
associated with its removal and site cleanup and repair. 

Within one business day, the County will notify NCDENR and the waste hauler, 
make documentation of the load and contents and generator, the attempted illegal 
disposal of prohibited waste, the actions taken by the County, and the disposition of 
the waste.   All future waste loads from a hauler found to be in violation by 
attempting to dispose of hazardous and prohibited materials in the Buncombe County 
sanitary landfill, may be subject to additional waste screening.  This additional 
screening may include screening every load of the hauler who has been previously 
found to be in violation. 



Buncombe County
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Section 5A: 9 - Random Inspections of 
Incoming Loads 
Appendix 5A – Waste Screening Plan 
Operation Plan 

While all loads entering the landfill are visually screened by landfill staff, they are 
generally not inspected in detail.  Therefore random inspections are used to provide a 
reasonable means to adequately control the receipt of prohibited wastes.   

5A: 9.1 Selecting Loads for Sampling 
In accordance with SWANA training courses, random inspections of incoming loads 
is based on 1% of weight received per day.   

5A: 9.2 Screening the Wasteloads 
Waste loads selected for random screening will be diverted to a waste screening area 
where the driver will be questioned about the loads contents. The waste screening 
form will be completed for all loads selected for screening.  Upon answering the 
necessary questions for the waste screening form and unloading the waste load, the 
driver and truck may be released.  Because this load has been randomly selected for 
waste screening, this release of the driver and vehicle is not intended to imply the 
County accepts the waste load.  

The waste will be spread over the area for easy visual observation.  Care should be 
used not to break open any containers or drums.  Containers and drums that are not 
easily identifiable or whose contents cannot be seen should be opened by properly 
trained waste screening personnel.  Only trained waste screening personnel, wearing 
protective safety equipment should come in physical contact with the waste contained 
in the load selected for screening.  

Upon verification that the solid waste passes the screening and is acceptable, 
Buncombe County will officially accept it for disposal.   

All wastes suspected of being hazardous will be handled and stored as hazardous 
until proven otherwise.  All hazardous and prohibited waste testing at the landfill 
will be conducted by Buncombe County Emergency Management or other registered 
hazardous waste contractor hired by the County. 

5A: 9.3 Procedures 
Figure 5A: 9-1 presents a flow chart/decision tree summarizing the procedures that 
will be followed for the waste screening and procedures to be followed if prohibited 
wastes are identified. If a wasteload is suspected of containing materials covered by 
this plan, the waste hauler and County Solid Waste Inspector are immediately to be 
contacted by telephone and requested to send an authorized representative to the site 
of the wasteload. The driver and truck are released as soon as they have adequately 
completed their sections on the waste screening form and the waste hauler has been 
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reached.  Based on the discretion of the landfill supervisor and the County Solid 
Waste Inspector, Buncombe County Emergency Management is contacted to come to 
the site and determine if the materials are hazardous or prohibited wastes.   

If the wastes are determined to be non-hazardous and are permitted for landfilling 
under state, federal, and county laws, the County absorbs the cost for the testing.  If 
the wastes are found to be hazardous or prohibited, the hauler will be billed for the 
testing and be required to immediately remove the wastes and demonstrate to the 
County and the State that they were disposed of properly.  The hauler will also be 
required to cover all costs associated with site clean-up and verification that the site is 
safe.  If the wastes are not removed within 24 hours, as required by the County, the 
County shall have the wastes removed and disposed of properly and bill the waste 
hauler for all the costs associated with their removal and site cleanup and repair. 

The landfill owner or operator shall notify the Division with 24 hours of attempted 
disposal of prohibited waste.  If a hauler is found to have attempted to dispose of 
hazardous or prohibited materials in the Buncombe County sanitary landfill, future 
additional waste screening for that hauler may be required.  This additional screening 
could include screening every load of the hauler who has been previously found to be 
in violation.  The County also reserves the right to refuse all future waste loads from a 
hauler found to be in violation.  
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Section 5A: 10 - Records of Inspections 
Appendix 5A – Waste Screening Plan 
Operation Plan 

 
Figure 5A: 10-1 presents a sample waste screening inspection form.  It, or a similar 
form, will be completed for every wasteload screened through the random inspection 
program and for every incident where landfill staff suspect a waste load contains 
prohibited or hazardous waste and the driver cannot verify that these suspicions are 
false.  The form will be completed by landfill staff, waste screening staff, and if 
appropriate signed by the waste driver.  One copy will be kept on file at the landfill 
where the wasteload was received.  If the waste load is found to contain materials that 
are prohibited or hazardous based on this plan, copies of the form will be sent to the 
NCDENR and the waste hauler.    



Figure 5A: 10-1

Buncombe County Solid Waste Management Facility
85 Panther Branch Road

Alexander, NC 28701

828-250-5462

RECORD OF INSPECTION

Day: ________________________________  Time Crossed Scales: _________________________________
Truck Owner: _________________________ Driver Name: _________________________________________
Truck Type: _________________________________________________________________________________
Vehicle ID# or Tag #: __________________________________________________________________________
Weight: _____________________________________________________________________________________
Tare: _______________________________________________________________________________________
Waste Generating Company/Source: ____________________________________________________________

Reason Load Inspected: ________ random inspection ________ staff initials
________ detained by scale house ________ staff initials
________ detained by LF operating staff ________ staff initials

NCDENR Approved waste determination letter present _______ Yes  _______ No  ________ N/A
Description of waste load: _____________________________________________________________________
____________________________________________________________________________________________
____________________________________________________________________________________________
Disposition: Load Accepted (signature) ______________________________ Date: ______________________

   Load Not Accepted (signature) ___________________________Date: ______________________

Reason Load Not Accepted: (complete this section only if waste NOT ACCEPTED)

Description of Suspicious Contents:
color ________  Haz. Waste markings ________

texture ________  smell ________
drums present ________  approx Cu. Yds. present in load ________

approx tons present in load ________
County Emergency Management Contacted: ___________________________Yes __________________ No
Hazardous or dangerous materials present: ____________________________________________________

(County Emergency Management test results or verification attached)

Hauler notified (if waste not accepted) 
Phone: _________________________________  Time person contacted: ______________________
Other observations: ___________________________________________________________________________
____________________________________________________________________________________________
____________________________________________________________________________________________
Final Disposition: _____________________________________________________________________________
Signed by: _______________________________________________________________ Date: _____________

(Waste Screening Inspector or Landfill Supervisor)
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Section 5A: 11 - Contingency Plan 
Appendix 5A – Waste Screening Plan 
Operation Plan 

 
If during a random screening or during regular operation of the landfill, hazardous 
materials or materials defined by this waste screening plan as dangerous are 
discovered at the landfill, the landfill supervisor on duty has the authority to contact 
appropriate emergency personnel (911) and request their immediate action to remove 
and safely dispose of the prohibited waste.  All telephone and written notification will 
take place within the first business day of the discovery of such materials.  A 
completed waste screening form, letters of notification, and test results will be filed as 
required in Section 5A: 10.
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Section 5A: 12 - Responsible Party 
Appendix 5A – Waste Screening Plan 
Operation Plan 

 
Legal responsibility for all waste entering the landfill remains with the waste hauler 
until such a time that it is determined to be permitted solid waste and is accepted by 
the County.  The County does not accept the legal responsibility for waste which is 
prohibited from being landfilled in a sanitary landfill.  The hauler is defined as the 
responsible party who attempted to, either knowingly or unknowingly, illegally 
deposited the prohibited waste in the landfill.  The hauler shall be billed by the 
County for all costs associated with illegal disposal non-acceptable of solid waste.  
This includes, but is not limited to, costs in testing the waste, removing the waste 
from the sanitary landfill, for the cost of transporting the waste to an appropriate 
waste management facility, for the disposal fee, and for all necessary and related site 
clean-up and testing. 

If after testing at the landfill by Buncombe County Emergency Management (BCEM) 
or the County's authorized contractor, the waste load is found to be materials which 
can legally be landfilled, the County will accept legal responsibility for it.  The County 
or their contractor (as per contract agreement) will absorb all costs for testing and 
removal or disposal of the waste. 

If BCEM or the County's authorized contractor, finds that the waste load contains 
hazardous or regulated materials that should not be landfilled, the County will not 
absorb the costs for any further testing either at the landfill or at another laboratory.  
If further testing by other laboratories indicate the materials could legally be 
landfilled, the County will be assumed to have "acted in good faith" to protect the 
public health and safety by refusing to landfill the waste.  The County will not 
reimburse any cost associated with removal of the materials from the landfill site or 
its subsequent testing or disposal.
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Section 5A: 13 - Fines and Penalties 
Appendix 5A – Waste Screening Plan 
Operation Plan 

 
Buncombe County reserves the right to institute fines and penalties to any person 
found to have attempted to landfill waste prohibited from being landfilled by state or 
federal regulations.  These fines and penalties are in addition to the costs identified in 
Section 5A: 12.  



Operation Plan 
Appendix 5B 
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T his guide gives you specific, easy to follow instructions for the safe and efficient usage of Landfill Service Corporation’s 
Posi-Shell® Cover System Advanced Formulation.  For best results and to ensure safety, please follow the instructions care-
fully.  

1.0 Definition of Posi-Shell Cover System Advanced Formulation 
The Posi-Shell Cover System is a low-cost alternative to the conventional six inches of soil used as daily cover at most landfills.  Posi-Shell 
Advanced Formulation is a noncombustible blend of materials providing a thin cover (approximately one-quarter inch) that hardens over 
the surface of the material to be covered, such as the working face of the landfill.  Non-toxic, the stucco-like coating performs all functions of 
landfill daily and intermediate cover.  Applied with a standard hydroseeding unit, this system provides increased landfill capacity while pro-
viding a more environmentally effective cover system for the landfill. 

1.1 Background and Concept 

Landfilled solid waste must be covered each day to control vectors, fires, odors, blowing litter, and scavenging.  Cover material is generally 
defined as a six inch soil layer or other suitable material, or a combination of same, that is used to cover compacted solid waste in a landfill. 

The Posi-Shell Cover System Advanced Formulation is an alternative to traditional landfill daily cover materials.  The coating is a spray-on 
slurry composed of water, Posi-Pak Type P-100, PSM-200 Setting Agent, and optional Portland cement that forms an approximately one-
quarter-inch coating for various types of landfill cover.  The Posi-Shell Cover System Advanced Formulation is designed for use by a landfill 
operator at the close of each operating day for compliance with cover regulations.  The material meets and exceeds regulatory requirements 
for the control of landfill vectors, fires, odors, blowing litter, and scavenging. 

Posi-Shell Advanced Formulation (AF) provides cover ranging from 4 to 10 square feet per gallon of slurry.  The coverage area is dependent 
upon the desired thickness and the actual texture of the covered surface.  Application of the Posi-Shell AF is a one-man operation. 

1.2 Environmental and Economic Benefits 

The Posi-Shell Cover System conserves natural resources.  Additionally, use of the Posi-Shell Cover System conserves energy and improves 
air quality by eliminating the use of heavy earth-moving equipment for the transporting, laying, and reworking of daily soil cover.  Traffic 
congestion to and from the landfill site, vehicle exhaust, and fugitive dust emissions are also reduced proportionately to the reduction of 
landfill soil hauling for daily cover. 

Soil, a valuable natural resource, is conserved by the Posi-Shell Cover System AF.  In many areas, soil is an expensive natural resource that is 
in short supply.  Use of the Posi-Shell Cover System AF can eliminate the waste of this precious commodity. 

The major benefit of the use of the Posi-Shell Cover System AF is the conservation of extremely valuable landfill capacity, commonly known 
as “air space”.  Landfill air space is a valuable asset and the need to conserve capacity is paramount to achieve environmental and economic 
objectives for both landfill operators and regulatory agencies.  Efficient use of air space today can directly translate into longer landfill life, 
decreased operating costs, and increased revenue generation.  An increase in air space efficiency can delay or even eliminate the need for the 
siting and construction of new facilities that ultimately may have severe environmental and economic impacts. 

For comparison purposes using daily cover for a working face area of 5,000 square feet for a period of one year with Posi-Shell AF as op-
posed to six inches of top soil will realize an air space savings of about 24,000 cubic yards.  Use of Posi-Shell AF as opposed to soil will result 
in a direct increase in the amount of airspace available in a landfill. 
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1.3 Equipment 

The equipment used for the Posi-Shell Cover System AF consists of a standard hydroseeding unit, a towing unit, and a water source.  The 
towing unit is used for moving the hydroseeding unit around the landfill site.  If a nearby hydrant or other water source is not available, 
then a water trailer or truck is required. 

1.4 Personnel 

One operator is required for the Posi-Shell Cover System AF.  This operator must be capable of operating heavy equipment and be familiar 
with the mechanics of all equipment used.  The operator will be trained by Landfill Service Corporation in the use of Posi-Shell AF.  If 
preferred, a two man operation may be used to expedite coverage time. 

1.5 Materials 

1.5.1 Water 
Potable water, non-potable water and landfill leachate can be used as the liquid portion of the Posi-Shell Cover System AF.  Use of leachate 
requires a site-specific regulatory approval to assure proper health and safety practices are implemented. 

Approximately 1,600 gallons of water is used for each 2000 gallon load of Posi-Shell AF. The water can either be supplied by a hydrant, 
pumped from a nearby pond, or brought to and stored adjacent to the hydroseeding unit by water truck or trailer.  The sizing of the spe-
cific water supply method should be adequate to ensure that the filling of the hydroseeding unit occurs within a few minutes’ time. 

As stated, leachate can be used as a water source if specific regulatory approval is obtained.  It is not recommended that a high-strength 
leachate be used due to odor concerns and the added safety precautions required to assure worker safety.  However, use of relatively dilute 
leachate is an effective method for reducing a portion of a landfill’s total leachate production.  The inherent odor-neutralizing properties of 
Posi-Shell AF mitigate the potential odor problems of leachate when it is used as a water source. 

1.5.2 Posi-Paks 
Posi-Paks are an important constituent of Posi-Shell AF and give the cover its fiber reinforced rigidity and weather resistance.  Posi-Paks are 
lightweight, easy to handle, and ready to use.  Posi-Pak is a specially designed plastic fiber with a proprietary finish that provides the rein-
forcement matrix for the finished cover. Four Posi-Paks are used for each 2000 gallon load.  See the back of this manual for a material 
safety data sheet for this material. 

1.5.3 Dye 
Optional dyes can be added to the Posi-Shell AF mixture to create a soil-like brown coloring or a grass-like green coloring. 

1.5.4 PSM 200 Setting Agent 
A proprietary blend of natural bentonite clay, synthetic polymers, and adhesives provide thickening, lubrication, and adhesion in the Posi-
Shell AF mixture.  See the back of this manual for a Material Safety Data Sheet for this material. 
 
1.5.5 Portland Cement 
Optional Portland cement can be used as the cementitious mineral binder component of Posi-Shell AF.  On average, approximately 4,000 
lbs. of this material is used for each 2000 gallon Posi-Shell AF load.  The Portland Cement further helps neutralize odors and contaminants 
found in leachate and enhances the durability of the Posi-Shell.  
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2.0 Safety 
Posi-Shell AF is nonhazardous and is composed of nonhazardous materials.  Certain safety measures are recommended during different 
aspects of Posi-Shell AF use.  Follow safety procedures specific to your hydroseeding unit, towing unit, or other equipment used. 

3.0 Operator Attire 
The operator should, at all times, wear appropriate protective clothing.  Jewelry and loose fitting clothing should be avoided.  Recom-
mended protective clothing includes the following: 

• Safety glasses with side shields 
• Leather gloves 
• Industrial grade work coveralls 
• Leather steel-toed shoes 
• Dust particulate mask 

If leachate is being used as the liquid portion of the Posi-Shell AF mixture, protective clothing in accordance with site regulations should be 
worn. 

4.0 Towing Units 
See table on page 11 for Posi-Shell AF total material weights.  To determine the total load weight, add the Posi-Shell AF total material 
weight to the weight of your hydroseeding unit.  Ensure that the towing unit and hitch arrangement are capable of handling the total of 
these weights. 

5.0 Loading and Mixing Procedure 
It is important to add the Posi-Shell Advanced Formulation materials in the order specified. 
 
5.1 Liquid Addition (Step 1) 

Before placing any dry material in the mixing tank, the tank must be filled with the appropriate amount of liquid (water or leachate).  See 
chart on page 11.  If your hydroseeding unit has a reserve water tank, fill at this time with clean water.  It is not recommended to use 
leachate as the clean out water. 

All bags of material (Posi-Pak Type P-100, PSM-200 Setting Agent, Portland cement) can be loaded through the side rails of hydroseed-
ing unit onto mixing deck from the ground.  Ensure that they do not obstruct the ladder area.  Never attempt to carry up or down lad-
ders.  To avoid back injuries, always use proper lifting practices when handling bags.  Wet or frozen materials should not be used. 

5.2 Posi-Pak Addition (Step 2) 

With mixer paddles of hydroseeding unit turning slowly open the Posi-Pak, Type P-100 bag 
and dump contents into inlet hopper (discard bag).  Posi-Paks are designed such that the plas-
tic covering may be torn away with the bare hands.  If a knife is used take care not to drop into 
mixing tank.  See chart on page 11  for Posi-Pak, Type P-100 quantities. 

 

 



Landfill Service Corporation Page 6 

5.3 Optional Dye (Step 3) 

Various dyes are available for Posi-Shell Advanced Formulation to 
alter the color of the finished product to best suit the application.  
Most commonly used are brown and green.  Brown and green dye 
is available in powder form and comes in dissolvable “Mix Ready” 
bags which can be placed directly in the mixing tank.  Green is also 
available in liquid form that can be poured in the tank. 

5.4 PSM-200 Setting Agent (Step 4) 

When handling PSM-200 Setting Agent or Portland cement a dust 
mask is recommended to prevent inhalation, and coveralls and gloves to 
prevent skin contact.  Safety glasses should be worn to keep dust from entering the eyes.  
Should eyes or skin come in physical contact any Posi-Shell AF ingredients thoroughly 
rinse with water. 

With mixer paddles running at medium speed add PSM-200 Setting Agent material by 
cutting open bag  and dumping contents into the mixing tank (discard bag).  See chart 
on page 14  for quantities.  Allow PSM-200 Setting Agent and Posi-Pak to mix at me-
dium speed for about 5 minutes until a gravy-like consistency is achieved and no clumps 
are visible (see photo below at left).  

5.5 Optional Portland Cement Addi-
tion (Step 5) 

With mixer paddles still running at medium 
speed add Type I Portland cement material 
(regular Portland cement, NOT concrete.) by 
cutting open bag  and dumping contents into 
the mixing tank (discard bag).  See chart on 
page 11 for quantities.   Posi-Shell AF material 
is now ready to be applied (see photo below at 
right).  

 

After Adding PSM-200 Setting Agent After Adding Portland Cement 

Powdered Dye Liquid Dye 
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6.0 Transporting 
Close inlet hopper lid prior to transportation and leave mixer paddles turning at medium speed.  
 
6.1 Cold Weather Transport 

To prevent freezing during extremely cold weather (below 20°F), with discharge gun attached to recirculation fitting, run pump in low-speed 
forward to circulate slurry from mixing tank, through pumping and discharge system, and back to mixing tank.  

6.2 Traversing Slopes 

The proper procedure for traversing slopes is to approach the slope with machine parallel with fall line of slope.  Machine should always be 
backed down the slope and towed up.  Following this procedure eliminates any possibility of the machine “jack-knifing” around the towing 
unit. 

7.0 Application of Posi-Shell AF 
Conventional end-of-day waste surface preparation and grooming are normally adequate prior to Posi-Shell AF application.  A smoother 
surface will require less slurry due to reduced surface area.  Also, the functional performance of the coating is enhanced by a smoother receiv-
ing surface.  Therefore, it may be desirable to spread available materials such as sludge, ash, or processed wastes at the end of the day to func-
tion as surface leveling agents to economize on Posi-Shell AF slurry consumption.  Each gallon of slurry will coat approximately 4 to 10 
square feet depending on surface roughness and application thickness. 
 
Methods of application and the desired appearance of daily coatings are shown on the photographs which follow.  In general, the operator 
should position the Applicator upwind, and should select the spray nozzle appropriate to the distance from the waste pile.  A uniform coat-
ing of approximately one-quarter-inch thickness will normally accomplish the daily cover functional criteria. In some cases, it will be neces-
sary to spray a given area from two directions to compensate for “spray shadow” effects or wind dispersion.  

The most effective method of coverage will vary with each site, but generally, spraying the working face from the bottom of the waste slope, 
toward the top, is most effective.  A minimal amount of “shadowing" occurs if applied in this manner. 

Application of Posi-Shell AF cover is not typically affected by weather conditions.  Normal operations can be performed during windy, rainy, 
or cold weather conditions.  During cold weather periods, the hydroseeding unit tank and pump must be drained at the end of the day to 
avoid freezing.  It is desirable, but not necessary, to bring the machinery into a building for overnight storage.  The application process is 
typically not affected by severe cold weather. 

When high winds are encountered, it may be necessary to position the hydroseeding unit in an upwind position.  Since the hydroseeding 
unit pumps emit a high pressure stream of slurry, it is not generally affected by light winds; however, wind direction should always be consid-
ered with respect to airborne dispersion of overspray. 

During light rains, Posi-Shell AF  will not wash away and will retain its stucco consistency.  However, during extremely heavy rains, some 
washing of the material may occur prior to its curing. During extremely cold weather, Posi-Shell AF will freeze before curing. After a thaw the 
material will cure.  Cured Posi-Shell AF material typically can retain integrity up to one year or longer depending upon its initial application 
thickness. 
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Daily and Intermediate Cover 

Application of Posi-Shell AF via  
Deck -Mounted Discharge Wand 

Application of Posi-Shell AF via  
Extension Hose 

Close-Up View of Cured Posi-Shell AF Coating 



Posi-Shell AF Usage Guide Page 9 

 

7.1 Odor Control 

The Posi-Shell AF formulation has an inherent capability to suppress odors.  By applying the material as a daily cover, typical landfill odors 
will be reduced by the thick layer of Posi-Shell that is applied.   Additionally, if Portland Cement is used the calcium oxide (lime) applied to 
putrid waste further suppresses odors by sealing the outer face of the waste with an alkaline surface layer. 

Posi-Shell AF allows an opportunity for the optional addition of approved odor-masking agents where excessive odors warrant such action. 

7.2 Vector Control 

Application of Posi-Shell AF to the working face of waste piles is an extremely effective vector deterrent.  Shortly after the Posi-Shell AF coat-
ing is applied, temperatures within the waste pile will increase due to initial aerobic and subsequent anaerobic decomposition.  The Posi-
Shell AF  layer forms a seal that inhibits flies from laying additional larvae. 

Other vectors such as rodents and birds are discouraged by the Posi-Shell AF seal.  Posi-Shell AF cover has proven effective in inhibiting the 
attraction of vectors to waste piles. 

7.3 Scavenging 

General animal scavenging is reduced since the Posi-Shell Cover System AF seals in odors and hides the visible food source beneath the cov-
ering shell.  Scavenging by humans is inhibited by the complete visual coverage of the waste pile and by the viscid coating of slurry applied 
upon all available surface objects. 

7.4 Litter Control 

Posi-Shell AF cover is highly effective for litter control.  Due to the sticky consistency of the material,  a shell is formed over the garbage 
which prevents litter from being blown away by high winds.  A thin layer of Posi-Shell AF cover is recommended for preventing litter genera-
tion. 

In extremely windy situations, Posi-Shell AF coating can be applied to waste as it is being unloaded from garbage trucks.  This technique has 
been proven highly effective. 

7.5 Fire Control 

Posi-Shell AF cover is an extremely effective fire control material.  Independent laboratory testing of Posi-Shell AF by D-4982 method has 
certified that Posi-Shell AF is non-fuel contributing, non-smoke producing, and non-combustible.  When an acetylene torch is applied di-
rectly to the Posi-Shell AF cover, ignition of the Posi-Shell  AF cover or underlying waste does not occur. 

In addition to the non-flammable characteristic of Posi-Shell AF cover, your hydroseeding unit can be used to fight landfill fires.  Direct ap-
plication of Posi-Shell AF material to an open flame will smother it.  If a subterranean landfill fire occurs, Posi-Shell AF coating can be ap-
plied to the waste pile’s surface and will form a fire smothering seal. 
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7.6 Additional Applications 

Posi-Shell AF cover fulfills the relevant performance criteria for various additional applications including erosion control, ditch lining, coat-
ing of sludge piles, contaminated soil piles, compost piles and temporary waste piles and excavations of various types.  If has been successfully 
applied to coal piles, salt piles, cement clinker piles and used at remediation sites to suppress volatile emissions.  Posi-Shell AF may also be 
used as the tackifier in hydroseeding mixtures. 

Erosion Control 

Ditch Lining Finished Appearance of Posi-Shell AF Intermediate and Daily Cover 
at a Major Municipal Landfill 

Odor Control 
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Posi-Shell Cover System AF 
Application Minimum Requirements 

 SHORT TERM COVER 
 

 OVERNIGHT COVER  

MEDIUM TERM COVER 
 

 INTERMEDIATE 
COVER, 

EROSION CONTROL, 
ODOR CONTROL, ETC.  

LONG TERM COVER 
 

 EROSION CONTROL, 
COMPOST COVER, 

STOCKPILE COVER, 
ETC.  

SLURRY  
MIXTURE  

See chart below. See chart below. 
Additional Portland cement 

may be necessary.  

See chart below. 
Additional Portland cement 

may be necessary.  

APPLICATION 
RATE 

Approx. 8-10 sq.ft./gal. Approx. 6-8 sq.ft./gal. Approx. 4-6 sq.ft./gal. 

COVERAGE 
METHOD  

Apply from two directions to 
eliminate spray shadow. 

Apply from two directions to 
eliminate spray shadow. 

Apply from two directions to 
eliminate spray shadow.  For 

slope coverage extend cover 3-
4 feet beyond crest of slope. 

COVERAGE  
THICKNESS  

Finished cover should be 1/8-
3/16 inch. 

Finished cover should be 3/16-
1/4 inch. 

Finished cover should be 1/4-
5/16 inch. 

COVERAGE  
APPEARANCE  

No waste/soil visible from any 
angle. 

No waste/soil visible from any 
angle.  Cover should have a 

"stucco-like" texture. 

No waste/soil visible from any 
angle.  Cover should have a 

"stucco-like" texture. 

COVERAGE  
MAINTENANCE  

None.  Waste is placed over 
cover next working day. 

Cover should be inspected daily 
and touched up if waste/soil 

becomes visible. 

Cover should be inspected 
daily and touched up if waste/

soil becomes visible. 

Desired Load Size  
500 GAL 1000 GAL 1500 GAL 2000 GAL 

Water or Leachate 400 gals 800 gals 1200 gals 1600 gals 

Posi-Pak, Type P-100 (15 lb bags) 1 bag 2 bags 3 bags 4 bags 

Optional Brown Dye (5 lb bags) 2 bags 4 bags 6 bags 8 bags 

Optional Green Dye (1 qt bottles) .5 bottle 1 bottle 1.5 bottle 2 bottles 

PSM-200 Setting Agent (50 lb bags) 5 bags 10 bags 15 bags 20 bags 

Optional Portland cement (94 lb bags) 10 bags 20 bags 30 bags 40 bags 

Total Material Weight 5,355 lbs 10,710 lbs 16,065 lbs 21,420 lbs 

Materials  

Posi-Shell Cover System AF Material Quantities 
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7.7 Discharge Nozzle Selection 

While other nozzles may be used, Landfill Service Corporation offers three types of discharge nozzles providing the capability of effectively 
spraying Posi-Shell AF at a variety of ranges.  Experience and operator discretion will determine which nozzle to use in each situation. 
 

 

 

 

7.8 Handling the Discharge Spray Boom 

Care must be taken to use the proper discharge nozzle in order to attain the desired spray range, as being too close to the surface will cause 
the Posi-Shell AF stream to overturn waste on contact.  At long range distances the Posi-Shell AF stream will break up, causing the desired 
spray effect.  At ranges under 75 ft. the medium or short nozzle should be used and are designed to spray in a wide ribbon pattern. 
 
Blockages may occur in nozzles due to foreign objects in the raw materials.  Refer to Section 11.1 for procedure on removing foreign object 
from discharge nozzle. 
 
With the desired nozzle securely in place, firmly grasp discharge spray handle in one hand and point discharge nozzle in desired direction of 
spray.  With the other hand move pump control lever to full speed forward and begin covering area.  For desired spray effect operator may 
adjust pump/throttle speed. 
 
Never disconnect nozzles when pump is running.  Never engage pump with discharge spray boom left unattended.  Never put hands in 
front of discharge nozzles. 
 
Do not spray at or near other persons.  Spray exits nozzle at a high velocity and could cause injury. 
 
Do not spray toward power lines, transformers or other high voltage conductors.  Avoid spraying into wind.  When unavoidable, be 
sure to keep direction of spray near to ground. Safety glasses should be worn during spraying operation. 
 
7.9 Coverage of Large Area 
 
Coverage of a large area will require moving the hydroseeding unit to several spray locations.  Inspect the area from several perspectives to 
ensure that the spray has covered all areas. 
 
7.10 Thicker Coats 
 
Thicker coats may be applied by letting the first coat partially dry before recoating the area.  Several thin applications provide a more durable 
shell than a single very thick application. 
 
 
 

 

Long Range  
for Distances of 75ft -150ft Medium Range  

for Distances of 25ft -75ft 
Short Range  

for Distances of 5ft -25ft 
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8.0 Cleaning 
It is recommended that you clean the hydroseeding unit after each load.  Due to the variety of hydroseeding units on the market a generic 
procedure for cleaning  follows.  Some steps may need to be altered to apply to your hydroseeding unit. 
 
1. When all Posi-Shell AF is removed from mixing tank, immediately bring pump 

and mixer control levers to neutral position.  Engine should remain at full throt-
tle. 

2. Open all inlet lids on hydroseeding unit. 
3. Firmly grasp clean-off hose in one hand and turn on water. 
4. With both hands on hose perform initial rinse down of all inlets and any resi-

due visible in mixing tank.  This process should take approximately one minute 
and use about 50-100 gallons of water depending on the size of the mixing tank. 

5. Turn water off. 
6. With a spray nozzle in place (to retain cam and groove gasket) run pump control 

lever full speed forward for 5 seconds.  Return to neutral when complete.  Re-
peat with all nozzles used during application. 

7. Close all inlet lids and bring mixer control lever to full speed reverse and allow to run for at 
least one minute. 

8. Return mixer control lever to neutral then to full speed forward for at least one minute. 
9. With mixer control lever in full speed forward, climb down ladder and remove  drain cap and a l -

low initial rinse water to completely drain. 
10. Replace pump drain cap. 
11. Return to deck of unit and move mixer control lever to neutral and repeat steps 2-9.  During 

this secondary rinse make sure all external surfaces are thoroughly rinsed. 
 
A properly cleaned hydroseeding unit will remain free of any built-up product internally and exter-
nally,  and all decals and labels remain clearly readable. 

9.0 Winter Care 
In extreme cold it is imperative that engines and hydraulic systems are thoroughly warmed before introducing a load.  Refer to the opera-
tions manual for your hydroseeding unit for proper winter usage and care. 
 
9.1 Posi-Shell AF Winterizing Procedure 

1. After cleanout, drain the mixing tank thoroughly.  DO NOT REPLACE DRAIN CAP. 
2. If your hydroseeding unit is equipped with a reserve water tank and/or pump, drain thoroughly.  DO NOT REPLACE DRAIN CAPS. 
3. Pour approximately one half gallon of anti-freeze into pump or tank and slowly run through pump and lines to prevent freezing. 
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10.0 Materials Storage 
All materials are inert, and can be stored on, or off, the boundaries of lined landfill cells. 
 
10.1 Posi-Shell Material Storage 

10.1.1 Posi-Paks 
Posi-Paks should be kept dry, particularly when freezing is possible.  The Gaylord boxes are water-resistant, but not waterproof.  Boxes can be 
easily covered with a tarp or plastic to keep the Posi-Paks dry. 
 
10.1.2 PSM-200 Setting Agent 
PSM-200 Setting Agent should be kept dry.  Stretch wrapped pallets can be easily covered with a tarp or plastic. 

10.1.3 Optional Portland Cement & Dye 
Portland Cement & dye should be kept dry.  Stretch wrapped pallets can be easily covered with a tarp or plastic. 

11.0 Troubleshooting (may not apply to all hydroseeding units) 
11.1 Removing Foreign Object from Discharge Nozzle 

1. Immediately move pump control lever to neutral position. 
2. Move pump control lever to slow speed reverse. 
3. Run pump in reverse for 5 seconds to relieve pressure in discharge line. 
4. Return pump control lever to neutral position. 
5.   Remove nozzle and clear obstruction. 
6. Reconnect nozzle and continue spraying. 
 
11.2 Removing Foreign Object from Mixing Tank 

1. Move throttle, mixer, pump, control levers to slow/neutral position. 
2. Shut engine off. 
3. Move hydroseeding unit to area appropriate for dumping load. 
4. Remove pump cleanout plug and allow load to drain. 
5. Visually inspect pump for foreign object.  Remove if found, replace plug and return to operations. 
6. If object is not found in pump, remove exit pipe cleanout cap. 
7. Inspect this section of pump for object.  Remove if found, replace cap and pump cleanout plug and return to operations. 
8. If object is not found in this section, remove two pipe couplers and removable section of tank exit pipe. 
9. Visually inspect flange section of pump and mixing tank (flashlight may be necessary).  Remove object if found, replace removable pipe 

and cleanout cap, pump cleanout plug, and return to operations. 
10. If object is in mixing tank use appropriate length grapple through tank exit pipe. 
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11.3 Clearing Clogged Mixing Tank 

1. If Posi-Shell AF slurry has thickened in the mixing tank to the point that the mixer paddles will not turn, move mixer control lever 
to neutral.  Trying to force mixer shaft back and forth at this point will only result in possible damage to the mixer shaft compo-
nents.  If the pump was not running, immediately connect the recirculation hose and move the pump control lever to slow speed 
forward (slightly above neutral).  Slowly running the pump will prevent the Posi-Shell AF from setting up in the pump.  If Posi-Shell 
AF is so thick that it is not flowing freely to pump, then the slurry must be liquefied at the mixing tank outlet to the pump in order 
to establish pump flow. 

2. A reserve of 300-500 gallons of water should be available while mixing loads of Posi-Shell AF.  In the event of a clogged mixing 
tank, water should immediately be introduced through the liquid inlets to the Posi-Shell AF mixture to thin the slurry and establish 
pump flow.  By injecting water through a 2-3" diameter hose and directing the flow at the surface of the slurry it may be possible to 
loosen the product enough to free the mixing shaft.  While trying to free the mixing shaft, gently move the mixer control lever from 
slow speed forward to slow speed reverse.  Abrupt movements to full speed forward and full speed reverse could cause damage. 

3. Use a slurry pump and water pick hose to loosen stiffened mixture.  This can be attached on the spray tower in the same manner 
as a spray nozzle and used as a high-pressure, high-volume water pick which will cut the slurry away from the mixing shaft and liq-
uefy it as it goes through the pump system.  This spraying should be performed through the inlet hoppers.  Excess slurry can be 
discharged out of the tank and new water introduced as required.  Continue cutting away and liquefying with the water pick hose 
until mixer is free.  Care should be taken as the water exits this hose at a high rate of speed.  Also safety goggles and rain gear should 
be worn as splashing will occur.  Immediately rinse any slurry off skin. 

4. If the slurry will not flow through the pump, then water may be injected directly into pump drain and moved through the hy-
droseeding unit’s pumping system and sprayed back into the mixing tank.  To prevent cavitation of the pump, water must be in-
jected at a rate equal or greater than the discharge rate.  Once pump flow is established, then proceed with Step 3 above. 

5. If the mixture is so hardened that the water pick will not cut it, move mixer and pump control levers to neutral and the throttle 
control lever to low, and shut off engine.  Remove key from ignition and lock out control panel enclosure.  Remove deck plates 
starting with right rear section.  After removing all sections, thickened slurry will need to be removed from around mixing shaft 
using shovels and hoes.  Rubber boots, goggles, gloves, and coveralls should be worn if entry into the tank is necessary.  It may not 
be necessary to remove all of the slurry from the tank.  First, simply free the mixing shaft and if the Posi-Shell AF is still soft, add 
water and after replacing deck plates, mix rapidly in tank to loosen and drain out the cleanout.  Never allow mixed Posi-Shell AF to 
set in tank more than one hour. 



Landfill Service Corporation Page 16 

11.4 Clearing Clogged Discharge Pipe/Hose 

1. Immediately move pump control lever to neutral position.  Move pump control lever to slow speed reverse. 
2. Run pump in reverse for 10 seconds to relieve pressure in discharge line. 
3. Return pump control lever to neutral position. 
4. Disconnect discharge hose quick-connect from discharge elbow and allow discharge pipe and hose to drain. 
5. To ensure that obstruction is not in pump and exit piping, move throttle and pump control levers to very slow speed forward for 5 

seconds.  If product is discharging at top of discharge elbow, obstruction is not in pump. 
6. If pump and exit piping are clear, disconnect discharge hose from discharge pipe and visually inspect discharge hose for obstruction.  

Clear if found, reconnect hose and return to operations. 
7. If discharge hose is clear, it will be necessary to snake out discharge piping. 
8. When obstruction is found and cleared, reconnect discharge hose and return to operations. 
 
11.5 Clearing Obstruction from Pump 

1. Immediately move pump and throttle control levers to neutral position. 
2. Shut engine off. 
3. Move hydroseeding unit to area appropriate for dumping load. 
4. Remove pump cleanout plug and allow load to drain. 
5. Visually inspect pump for foreign object.  Remove if found, replace plug and return to operations. 
6. If object cannot be removed via pump cleanout, disassembly of stator will be required.  See hydroseeding unit operations manual for 

procedure. 
 

12.0 Contingency Soil Supply 
In the event that you are unable to apply Posi-Shell AF, the landfill operator should have a three-day supply of soil for daily cover material 
available on-site. 
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MATERIAL SAFETY DATA SHEET 

    

MATERIAL:  OSHA 29CFR 1910.1200  

POSI-PAK® TYPE P-100 DATE OF PREPARATION: SEPTEMBER 2004  

SECTION I -- IDENTITY 

    
Distributor's Name and Address:  Landfill Service Corporation 

2183 Pennsylvania Avenue 
Apalachin, NY  13732 

 

Emergency Telephone:  (607) 625-3050  

Chemical Name and Synonyms:    

Generic Name:  Polyester Staple  

Trade Name:  Posi-Pak® Type P-100  

SECTION II -- HAZARDOUS INGREDIENTS 

    
Ingredient: Polyethylene terephthalate polymer and one or more surface finishes 

(organic lubricants). 
 

CAS No.: 25038-59-9   

Hazard: No known physical or health hazards associated with this product.  

Note: Polyester Staple is a family of fiber products having similar hazard and 
physical property characteristics.  The polymer immobilizes the con-
stituents of the polymer system (delusterants, catalyst residues, etc.) 
which, therefore, present no likelihood of exposure under normal cond-
tions of processing and handling.  However, exposure to chemical sub-
stances may occur as a result of processing these fibers.  Processing 
may release and aerosolize the residual moisture and surface finishes.  
Heating the fibers may volatilize the finishes or produce a chemical 
change.  Landfill Service Corporation recommends a 3 mg/m³ 8-hour 
TWA exposure limit on finish mists. 
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SECTION III -- PHYSICAL DATA 

    
Melting Point:  Approx. 500º F (260º C)  

SECTION IV -- CHEMICAL DATA 

    
Polyethylene terephthalate is chemically stable and resistant to attack by oils, solvents, weak acids, and 
weak alkalis. 

 

SECTION V -- FIRE AND EXPLOSION HAZARD DATA 

    
Polyester Staple will burn if exposed to flame.  Decomposition products generated from molten polymer 
may be subject to autoignition.  Combustion products will be comprised of carbon, hydrogen, and oxygen.  
The exact composition will depend on the conditions of combustion. 

 

SECTION VI -- HEALTH HAZARD DATA 

    
This product has not been fully evaluated for toxicological properties.  Preliminary evaluation of chemical 
components used in the finish and toxicological testing of the polymer have given no indication that health 
problems would occur in normal handling and use. 

 

Similar products have given no indication that health problems would occur in normal handling and use.  

SECTION VII -- REACTIVITY DATA 

    
N/A    

SECTION VIII -- SPILL PROCEDURES 

    
N/A    

SECTION IX -- EXPOSURES OF CONCERN 

    
Inhalation of finish mist above the recommended 3 mg/m³ 8-hour TWA would be an exposure of concern.  
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SECTION X -- HANDLING  AND USE PRECAUTIONS 

    
Personal hygiene measures, such as washing hands and face immediately after working with the fibers 
and before eating, smoking, or using lavatory facilities, are recommended. 

 

SECTION XI -- INDUSTRIAL HYGIENE CONTROL MEASURES 

    
Adequate ventilation is recommended to maintain finish mist levels below 3 mg/m³ 8-hour TWA and mini-
mize exposure. 
 
Fire fighters should protect themselves from decomposition and combustion products that may include 
carbon monoxide and other toxic gases. 

 

SECTION XII -- SPECIAL PRECAUTIONS 

    
N/A    

SECTION XIII -- DISPOSAL AND SHIPPING INFORMATION 

    
These products are not classified as hazardous wastes under the Resource Conservation and Recovery 
Act, and unless prohibited by state or local regulation, can be disposed of in a municipal landfill or inciner-
ated.  Any finish oils contained in plant wastewater should be biodegradable in conventional biological 
wastewater treatment systems. 

 

These fibers are not classified by the Department of Transportation as a hazardous material. 
 

        

    

*N/A = Not Applicable.  **N/D = Not Determined   

All information presented herein is believed to be accurate; however, it is the user's responsibility to determine in advance 
of need that the information is current and suitable for their circumstances.  
No warranty or guarantee, expressed or implied, is made by Landfill Service Corporation as to this information or as to the 
safety, toxicity, or effect of the use of this product. 
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MATERIAL SAFETY DATA SHEET 

    

MATERIAL:  OSHA 29CFR 1910.1200  

EARTHTONE DYE DATE OF PREPARATION: SEPTEMBER 1997  

SECTION I -- IDENTITY 

    
Distributor's Name and Address:  Landfill Service Corporation 

2183 Pennsylvania Avenue 
Apalachin, NY  13732 

 

Emergency Telephone:  (607) 625-3050  

Chemical Name and Synonyms:  Brown ferrous oxide  

Generic Name:  Earthtone Coloring Agent  

Trade Name:  Earthtone Dye  

SECTION II -- HAZARDOUS INGREDIENTS 

    
N/A    

SECTION III -- PHYSICAL DATA 

    
Boiling Point (ºF):  N/A  

Vapor Pressure (mm. Hg):  N/A  

Vapor Density (Air=1):  N/A  

Solubility in Water:  Slight (0.1 - 1.0%)  
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Specific Gravity (H2O=1):  4.4 - 4.8  

Evaporation Rate:  N/A  

Appearance and Odor:  Brown, odorless dry powder  

SECTION IV -- CHEMICAL DATA 

    
Chemical Family:  Metal oxide  

Formula:  Fe2O3; Balance MnO2 and silicates  

Product Class:  CAS# 1317-61-9, 51274-00-1, 1309-37-1 

Bulk Density:  0.5 - 0.8 g/ml  

SECTION V -- FIRE AND EXPLOSION HAZARD DATA 

    
Nonexplosive; Nonflammable    

SECTION VI -- HEALTH HAZARD DATA 

    
Threshold Limit Value:  N/D  

Effects of Overexposure:  None observed.  

Emergency and First Aid Proce-
dures: 

 Irrigate eyes with water, consult eye 
physician. Wash exposed skin areas 
with soap and water. 

 

SECTION VII -- REACTIVITY DATA 

    
Stability:  Product is stable.  

Hazardous Polymerization:  Will not occur.  

Incompatibility:  None known.  

Hazardous Decomposition Products: None known.  
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SECTION VIII -- SPILL PROCEDURES 

    
Steps to be Taken if Material is 
Released or Spilled: 

Handle as normal solid waste. Minimum fugitive dust release.  

SECTION IX -- EXPOSURES OF CONCERN 

    
N/A    

SECTION X -- HANDLING  AND USE PRECAUTIONS 

    
Store dry at ambient temperature away from food and drink.  

SECTION XI -- INDUSTRIAL HYGIENE CONTROL MEASURES 

    
Ventilation Requirements: Local exhaust may be used.  

Respiratory Protection: A NIOSH approved respirator is recommended during mixing proce-
dure. 

 

Eye Protection: Use of safety glasses is recommended.  

Skin Protection: Wear leather, plastic, or cloth gloves.  

SECTION XII -- SPECIAL PRECAUTIONS 

    
N/A    

SECTION XIII -- DISPOSAL AND SHIPPING INFORMATION 

    
Shipping Name:  Earthtone Dye is not hazardous under 

US Dept. of Transportation (DOT) 
regulations. 

 

Hazardous Substance:  N/A    

Hazard Class:  N/A    

Caution Labeling:  N/A    
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Identification Number:  N/A    

Disposal Method: 
 

Dispose at approved facility. 
 

        

    

*N/A = Not Applicable.  **N/D = Not Determined   

All information presented herein is believed to be accurate; however, it is the user's responsibility to determine in advance 
of need that the information is current and suitable for their circumstances.  

No warranty or guarantee, expressed or implied, is made by Landfill Service Corporation as to this information or as to 
the safety, toxicity, or effect of the use of this product.  
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MATERIAL SAFETY DATA SHEET 

    

MATERIAL:    

GREEN DYE DATE OF PREPARATION: JUNE 2002  

SECTION I -- IDENTITY 

    
Distributor's Name and Address:  Landfill Service Corporation 

2183 Pennsylvania Avenue 
Apalachin, NY  13732 

 

Emergency Telephone:  (607) 625-3050  

Chemical Name and Synonyms:  Organic Colorants  

Generic Name:  Color Additive  

Trade Name:  Blue Vail  

SECTION II -- HAZARDOUS INGREDIENTS 

    
N/A    

SECTION III -- PHYSICAL DATA 

    
Boiling Point (ºF):  212°F  

Vapor Pressure (mm. Hg):  20  

Vapor Density (Air=1):  ND  

Solubility in Water:  Soluble  
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Specific Gravity (H2O=1):  1.2  

Evaporation Rate:  <1  

Appearance and Odor:  Dark blue colored solution with bland 
odor. 

 

SECTION IV -- FIRE AND EXPLOSION HAZARD DATA 

    
Nonexplosive; Nonflammable    

SECTION V -- HEALTH HAZARD DATA 

    
Permissable concentrations (air):  N/A  

Effects of Overexposure:  ND  

Emergency and First Aid Proce-
dures: 

 Irrigate eyes with water, consult eye 
physician. Wash exposed skin areas 
with soap and water. 

 

SECTION VI -- REACTIVITY DATA 

    
Stability:  Under normal storage and handling 

conditions; this is a stable material 
when kept in a closed container. 

 

Hazardous Polymerization:  Will not occur.  

Incompatibility:  None known.  

Hazardous Decomposition Products: None known.  
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SECTION VII -- SPILL PROCEDURES 

    
Steps to be Taken if Material is 
Released or Spilled: 

If dry, shovel vacuum or sweep color up for disposal.  Wet surfaces 
may become slippery or sticky.  Mop, sweep, or absorb, and hold for 
disposal.  Spills should be thoroughly flushed with soapy water until all 
apparent color is removed. 

 

SECTION IX -- EXPOSURES OF CONCERN 

    
N/A    

SECTION X -- HANDLING  AND USE PRECAUTIONS 

    
Keep away from children.  Store in tightly stored container.  

SECTION XI -- INDUSTRIAL HYGIENE CONTROL MEASURES 

    
Respiratory Protection: No respiratory protection required, but dust masks are suggested.  

Eye Protection: Use of safety glasses is recommended.  

Skin Protection: Non required.  To minimize clean-up, wear gloves when handling ma-
teril.  Some dyes may temporarily stain skin. 

 

    

    

    

*N/A = Not Applicable.  **N/D = Not Determined   

All information presented herein is believed to be accurate; however, it is the user's responsibility to determine in advance 
of need that the information is current and suitable for their circumstances.  
No warranty or guarantee, expressed or implied, is made by Landfill Service Corporation as to this information or as to 
the safety, toxicity, or effect of the use of this product.  
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MATERIAL SAFETY DATA SHEET 

    

MATERIAL:  OSHA 29CFR 1910.1200  

PSM 200 SETTING AGENT DATE OF PREPARATION: JUNE 2005  

SECTION I -- IDENTITY 

    
Distributor's Name and Address:  Landfill Service Corporation 

2183 Pennsylvania Avenue 
Apalachin, NY  13732 

 

Emergency Telephone:  (607) 625-3050  

Chemical Name and Synonyms:  Sodium Montmorillonite Clay 
(SMC) (CAS No. 1318-93-0) 

 

Generic Name:  SMC with proprietary additives 
(CAS No. 1318-93-0) 

 

Trade Name:  Posi-Shell® PSM 200 Setting Agent  

SECTION II -- HAZARDOUS INGREDIENTS 

    
Ingredient: Crystalline Silica (SiOz) as Quartz  

CAS No.: 14808-60-7  

Hazard: Low concentrations of crystalline silica in the form of quartz may be 
present in airborne SMC dust.  See Section VI for discussion of health 
hazard. 

 

Note: Although the typical quartz content of western SMC is in the range of 2 
to 6% most of the quartz particles are larger than the 10µ respirable 
threshold size.  The actual respirable quartz concentration in airborne 
SMC dust will depend upon SMC source, fineness of product, moisture 
content of product, local humidity and wind condition at point of use 
and other use specific factors. 
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SECTION III -- PHYSICAL DATA 

    
Boiling Point (ºF):  N/A  

Vapor Pressure (mm. Hg):  N/A  

Vapor Density (Air=1):  N/A  

Solubility in Water:  Insoluble, forms colloidal suspension  

Density (at 20º C):  55 lbs/cu ft as product  

Specific Gravity (H2O=1):  2.45-2.55  

Melting Point:  Approx. 1450º C  

Evaporation Rate (Butyl 
Acetate=1): 

 N/A  

pH:  8-10 (5% aqueous suspension)  

    

SECTION IV -- CHEMICAL DATA 

    
N/A    

SECTION V -- FIRE AND EXPLOSION HAZARD DATA 

    
Flash Point:  N/A  

Special Fire Fighting Pro-
cedures: 

 N/A  

Unusual Fire and Explo-
sion Hazards: 

 None. Product will not support combustion. 

Extinguishing Media:  None for product. Any media can be used for the 
packaging. Product becomes slippery when wet. 

Flammable Limits:  LEL: N/A 
UEL: N/A 
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SECTION VI -- HEALTH HAZARD DATA 

    
Routes of Exposure and Effects:    

Skin: Possible drying resulting in dermatitis.  

Eyes: Mechanical irritant.  

Inhalation: Acute (short term) exposure to dust levels exceeding the PEL may 
cause irritation of respiratory tract resulting in a dry cough.  
Chronic (long term) exposure to airborne SMC dust containing respir-
able size (=10µ) quartz particles, where respirable quartz particle lev-
els are higher than TLVs, may lead to development of silicosis or other 
respiratory prolems. Persistent dry cough and labored breathing upon 
exertion may be symptomatic. 

 

Ingestion: No adverse effects.  

Permissible Exposure Limits: 
(for air contaminants) OSHA PEL 

(8 HR. TWA) ACGIH TLV 
 

SMC as "Particulates not other-
wise regulated" (formerly nui-
sance dust) 

   

Total dust 15mg/m³ N/D  

Respirable dust 5mg/m³ N/D  

Crystalline Quartz (respirable) 0.1mg/m³ 0.1mg/m³  

Carcinogenicity: SMC is not listed by ACGIH, IARC, NTP, or OSHA. IARC, 1997, con-
cludes that there is sufficient evidence in humans for the carcinogenic-
ity of inhaled crystalline silica from occupational sources (IARC Class 
1), that carcinogenicity was not detected in all industrial circumstances 
studied and that carcinogenicity may depend on characteristics of the 
crystalline silica or on external factors affecting its biological activity. 
NTP classifies respirable crystalline silica as "known to be a human 
carcinogen" (NTP 9th Report on Carcinogens - 2000). ACGIH classi-
fies crystalline silica quartz as a suspected human carcinogen (A2). 

 

Acute Oral LD50:  N/D  

Acute Dermal LD50:  N/D  

Aquatic Toxicology LC50:  N/D  

Emergency and First Aid Procedures:    

Skin: Wash with soap and water until clean.  

Eyes: Flush with water until irritation ceases.  

Inhalation: Move to area free from dust.  If symptoms of irritation persist, contact 
physician. Inhalation may aggravate existing respiratory illness. 
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SECTION VII -- REACTIVITY DATA 

    
Stability:  Stable  

Hazardous Polymerization:  None  

Incompatibility:  None  

Hazardous Decomposition Products:  None  

SECTION VIII -- SPILL PROCEDURES 

    
Steps to be Taken if Material is Released 
or Spilled: 

Avoid breathing dust; wear respirator approved for silica bearing dust. 
Vacuum up to avoid generating airborne dust. Avoid using water. 
Product slippery when wetted. 

 

SECTION IX -- EXPOSURES OF CONCERN 

    
N/A    

SECTION X -- HANDLING  AND USE PRECAUTIONS 

    
Waste Disposal Methods: Product should be disposed of in acordance with applicable local, 

state, and federal regulations. 
 

Handling and Storage Precautions: Use NIOSH/MSHA respirators approved for silica bearing dust when 
free silica containing airborne SMC dust levels exceed PEL/TLVs. 
Clean up spills promptly to avoid making dust. Storage area floors may 
become slippery if wetted. 

 

SECTION XI -- INDUSTRIAL HYGIENE CONTROL MEASURES 

    
Ventilation Requirements: Mechanical, general room ventilation. Use local ventilation to maintain 

PELs/TLVs. 
 

Respirator: Use respirators approved by NIOSH/MSHA for silica bearing dust.  

Eye Protection: Generally not necessary. Personal preference.  

Gloves: Generally not necessary. Personal preference.  

Other Protective Clothing or Equipment: None.  
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ECTION XII -- SPECIAL PRECAUTIONS 

    
Avoid prolonged inhalation of airborne dust.   

SECTION XIII -- DISPOSAL AND SHIPPING INFORMATION 

    

Shipping Name:  N/A (Not Regulated)  

Hazardous Substance:  N/A    

Hazard Class:  N/A    

Caution Labeling:  N/A    

    
        

    

*N/A = Not Applicable.  **N/D = Not Determined   

All information presented herein is believed to be accurate; however, it is the user's responsibility to determine in advance of 
need that the information is current and suitable for their circumstances.  
No warranty or guarantee, expressed or implied, is made by Landfill Service Corporation as to this information or as to the safety, 
toxicity, or effect of the use of this product. 
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MATERIAL SAFETY DATA SHEET 

    

MATERIAL:  OSHA 29CFR 1910.1200  

PORTLAND CEMENT DATE OF PREPARATION: MARCH 2006  

SECTION I -- IDENTITY 

    
Distributor's Name and Address:  Landfill Service Corporation 

2183 Pennsylvania Avenue 
Apalachin, NY  13732 

 

Emergency Telephone:  (607) 625-3050  

Chemical Name and Synonyms:  Portland Cement  

Generic Name:  Also known as hydraulic cement  

Trade Name:  Portland Cement Type I, IA, II III, V  

SECTION II -- HAZARDOUS INGREDIENTS 

    

 

  

 

 

 

 

 

 

 

 



Posi-Shell AF Usage Guide Page 33 

*Trace Constituents:  Portland cement has a variable composition depending upon the cementitious products produced in the cement 
kiln. Small amounts of naturally occurring, but potentially harmful, chemical compounds might be detected during chemical analysis. 
These trace compounds might include free crystalline silica, potassium, and sodium compounds; heavy metals, including cadmium, 
chromium, nickel, and lead; and organic compounds. Other trace constituents may include calcium oxide (also known as free lime or 
quick lime). 

 

SECTION III -- PHYSICAL DATA 

    
Boiling Point (ºF) (Aqueous Portion): N/A  

Vapor Pressure (mm. 
Hg): 

 N/A  

Vapor Density (Air=1):  N/A  

Solubility in Water:  Slight (0.1-1.0%)  

pH (in water):  12-13  

Specific Gravity (H2O=1):  2.9-3.15  

Evaporation Rate:  N/A  

Appearance and Odor:  Gray or white powder, no distinct odor  

SECTION IV -- CHEMICAL DATA 

    
N/A    

SECTION V -- FIRE AND EXPLOSION HAZARD DATA 

    
Portland cement is non-combustible and not explosive. 
Special firefighting procedures are not applicable. (Although Portland cement poses no fire-related hazards, 
a self-contained breathing apparatus is recommended to limit exposure to combustion products when fight-
ing any fire.) 
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SECTION VI -- HEALTH HAZARD DATA 

    
Threshold Limit Value: N/A  

Effects of Overexposure:    

Acute: Wet cement on unprotected skin, whether direct or through saturated 
clothing, can cause severe, third-degree caustic burns. 
NOTE:  Portland cement burns skin with little warning; discomfort or pain 
cannot be relied upon to alert a person to a hazardous skin exposure. The 
severity of the burn may not be detected until several hours after the dam-
age begins.  
Dry Portland cement can produce mild irritation to severe burns of the 
eye; it can irritate the upper respiratory system. 

 

Chronic: Dry Portland cement can cause inflammation of the lining of the nose and 
the cornea.  Repeated exposure to Portland cement may result in drying 
of the skin and may lead to thickening, cracking, or fissuring, of the skin. 
Hypersensitive individuals may develop an allergic dermatitis (possibly 
due to trace amounts of hexavalent chromium at less than 0.005%). This 
reaction may appear in several forms including a mild rash to severe skin 
ulcers. Persons already sensitized may react to their first contact with the 
product. Other persons may experience this effect after years of exposure 
to Portland cement products. 
While Portland cement typically has less than 0.2% crystalline silica, other 
additives to Portland cement and those components (e.g. aggregates) 
added to produce Portland cement concrete may significantly increase the 
amount of crystalline silica that is present. Exposure to respirable crystal-
line silica without the use of a respirator can cause silicosis and may ag-
gravate other lung conditions. 

 

Signs and Symptoms of Exposure: Burning sensation around moist tissue areas (i.e., eyes, nose, upper res-
piratory system); painful burning on exposed skin that can develop with 
little warning. Exposure of sufficient duration to wet Portland cement can 
cause serious, potentially irreversible tissue (skin or eye) destruction in 
the form of chemical (caustic) burns, including third-degree burns. The 
same kind of destruction can occur if wet or moist areas of the body are 
exposed for sufficient duration to dry Portland cement.  
Do not allow wet Portland cement to get inside boots, shoes, or 
gloves, and do not allow wet, saturated clothing to remain against 
the skin. 
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Emergency and First Aid Proce-
dures: 

● Irrigate eyes immediately and repeatedly with large amount of clean 
water for at least 15 minutes and get prompt medical attention. 
● Wash exposed skin areas with pH-neutral soap and clean water.  
● Apply sterile dressings; seek medical treatment in all cases of pro-
longed exposure to wet Portland cement, Portland cement mixtures, liq-
uids from fresh Portland cement products, or prolonged wet skin expo-
sure to dry Portland cement.  
● If ingested, consult a physician immediately.  
● Do not induce vomiting. If conscious, have the victim drink plenty of 
water and call a physician immediately.  
● In the event of inhalation, remove to fresh air.  
● Seek medical attention if coughing and other symptoms do not sub-
side.  
● Inhalation of gross amounts of Portland cement requires immediate 
medical attention. 

 

SECTION VII -- REACTIVITY DATA 

    
Stability:  Product is stable. Keep dry until used.  

Hazardous Polymerization:  Will not occur.  

Incompatibility:  Aluminum powder and other alkali and al-
kaline earth elements will react in wet mor-
tar or concrete, liberating hydrogen gas. 
Portland cement is highly alkaline and will 
react with acids to produce a violent, heat-
generating reaction. Toxic gases or vapors 
may be given off, depending on the acid 
involved. 

 

Hazardous Decomposition Products: None known.  

SECTION VIII -- SPILL PROCEDURES 

    
Steps to be Taken if Material is 
Released or Spilled: 

Use dry cleanup methods that do not disperse the dust into the air. Avoid 
breathing the dust. Emergency procedures are not required. 

 

SECTION IX -- EXPOSURES OF CONCERN 

    
Medical Conditions Generally Ag-
gravated by Exposure: 

Pre-existing skin conditions may be worsened. Silicosis may aggravate 
other chronic pulmonary conditions and may increase the risk of pulmo-
nary tuberculosis infection. 
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Chemical Listed as Carcinogenic 
or Potential Carcinogen: 

Portland cements are not considered carcinogenic. However, the Inter-
national Agency for Research on Cancer (IARC) has determined, primar-
ily through animal studies, that silica is a known human carcinogen. The 
National Toxicology Program (NTP) has characterized respirable quartz 
silica as reasonably anticipated to be a carcinogen. OSHA does not 
regulate silica as a carcinogen. 

 

SECTION X -- HANDLING  AND USE PRECAUTIONS 

    
Portland cement should only be used by knowledgeable persons. While the information provided in the ma-
terial safety data sheet is believed to provide a useful summary of the hazards of Portland cement, as it is 
commonly used, the sheet cannot anticipate and provide all of the information that might be needed in 
every situation. Inexperienced product users should obtain proper training before using this product. 
 
A key to using the product safely requires the user to recognize that Portland cement chemically reacts with 
water, and that some of the intermediate products of this reaction (that is, those present while a Portland 
cement product is "setting") pose a more severe hazard than does Portland cement itself. These hazards 
include potential injuries to eyes and skin. 
 
The data furnished in this sheet do not address hazards that may be posed by other materials mixed with 
Portland cement to produce Portland cement products. Users should review other relevant material safety 
data sheets before working with this Portland cement or with Portland cement products, including, for exam-
ple, Portland cement concrete. 

 

SECTION XI -- INDUSTRIAL HYGIENE CONTROL MEASURES 

    
Ventilation Requirements: Local exhaust can be used to control airborne dust levels.  

Respiratory Protection: Avoid actions that cause dust to become airborne. Use local or general 
ventilation to control exposures below applicable exposure limits. 
 
Use NIOSH/MSHA-approved (under 30 CFR 11) or NIOSH-approved 
(under 42 CFR 84) respirators in poorly ventilated areas, or if an applica-
ble exposure limit is exceeded, or when dust causes discomfort or irrita-
tion.  
(Advisory: Respirators and filters purchased after July 10, 1998, must be 
certified under 42 CFR 84.) 

 

Eye Protection: When engaged in activities where Portland cement dust or wet Portland 
cement or concrete could contact the eye, wear goggles or safety 
glasses with side shields. In extremely dusty environments and unpre-
dictable environments, wear unvented or indirectly vented goggles to 
avoid eye irritation or injury. Contact lenses should not be worn when 
working with Portland cement or wet Portland cement products. 
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Skin Protection: Prevention is essential to avoiding potentially severe skin injury. Avoid 
contact with unhardened (wet) Portland cement products. If contact oc-
curs, promptly wash affected area with soap and water.  
 
Do Not Allow Wet Portland Cement to Get Inside Boots, Shoes, or 
Gloves; and Do Not Allow Wet, Saturated Clothing to Remain Against 
the Skin. 
 
Do not rely on barrier creams. Barrier creams should not be used in 
place of gloves. Use impervious, abrasion- and alkali-resistant gloves, 
boots, and protective clothing to protect the skin from prolonged contact 
with wet Portland cement in plastic concrete, mortar, or slurries. 

 

SECTION XII -- SPECIAL PRECAUTIONS 

    
Work/Hygienic Practices: ● Periodically wash areas contacted by  dry Portland cement, or by wet 

Portland cement, or concrete fluids with a pH neutral soap and clean, 
uncontaminated water.  
● Wash again at the end of the work.  
● If irritation occurs, immediately wash the affected area and seek treat-
ment.  
● If clothing becomes saturated with wet Portland cement or concrete, it 
should be removed and replaced with clean, dry clothing.  
● Follow listed precautions as appropriate, during repair or maintenance 
work on contaminated equipment. 

 

SECTION XIII -- DISPOSAL AND SHIPPING INFORMATION 

    
Shipping Name:  Portland cement is not hazardous under 

US Dept. of Transportation (DOT) regula-
tions. 

 

Hazardous Substance:  N/A    

Hazard Class:  N/A    

Caution Labeling:  N/A    

Identification Number:  N/A    

Disposal Method: Small amounts of material can be returned to the container for later use if 
it is not contaminated. Dispose of waste material in accordance with Fed-
eral, State, and Local requirements. Portland cement is not a hazardous 
waste as defined by the Resource Conservation and Recovery Act (40 
CFR 261). 
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SECTION XIV -- OTHER REGULATORY INFORMATION 

Status under USDOL--OSHA Hazard Communication Standard (29 CFR 1910.1200):  

 
Portland cement is considered a "hazardous chemical" under this regula-
tion and should be a part of any Hazard Communication Program.  

Status under CERCLA / Superfund (40 CFR 117 and 
302):   

 Not listed.  

Status under SARA (Title III, Sections 311 and 312):   

 
Portland cement qualifies as a "hazardous substance" with delayed 
health effects.  

Status under SARA (Title III, Section 313):   

 

This product may contain constituents listed under SARA (Title III, Sec-
tion 313,) but not in amounts requiring supplier notification under 40 CFR 
Part 372 Subpart C.  

Status under TSCA (as of May 1997):   

 
Portland cement and some of the substances in Portland cement are on 
the TSCA inventory list.  

Status under the Federal Hazardous Substances Act:   

 
Portland cement is a "hazardous substance" subject to statutes promul-
gated under the subject act.  

Status under California Proposition 65:   

 

Portland cement contains chemicals (trace metals) including silica and 
hexavalent chromium, known to the State of California to cause cancer, 
birth defects or other reproductive harm. California law requires the 
manufacturer to give the above warning in the absence of definitive test-
ing to prove that the defined risks do not exist.  

Status under the Canadian Environmental Protection 
Act:   

 Not listed.  
Workplace Hazardous Material Information System 
(Canada):   

 

Portland cment is considered to be a hazardous material under the Haz-
ardous Product Act as defined by the Controlled Products Regulations 
(Class E - Corrosive Material), and is therefore, subject to the labeling 
and MSDS requirements of the Workplace Hazardous Materials Informa-
tion System (WHMIS).  
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*N/A = Not Applicable.  **N/D = Not Determined   

All information presented herein is believed to be accurate; however, it is the user's responsibility to determine in advance of 
need that the information is current and suitable for their circumstances.  

No warranty or guarantee, expressed or implied, is made by Landfill Service Corporation as to this information or as to the 
safety, toxicity, or effect of the use of this product.  
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MATERIAL SAFETY DATA SHEET 

    

MATERIAL:  OSHA 29CFR 1910.1200  

POSI-SHELL® SYNTHETIC COVER 
ADVANCED FORMULATION 

DATE OF PREPARATION: APRIL 2006  

SECTION I -- IDENTITY 

    
Distributor's Name and Address:  Landfill Service Corporation 

2183 Pennsylvania Avenue 
Apalachin, NY  13732 

 

Emergency Telephone:  (607) 625-3050  

Chemical Name and Synonyms:  Aqueous alkaline slurry  

Generic Name:  N/A  

Trade Name:  Posi-Shell® Synthetic Cover Ad-
vanced Formulation 

 

SECTION II -- HAZARDOUS INGREDIENTS 

    
N/A   

SECTION III -- PHYSICAL DATA 

    
Boiling Point (ºF) (Aqueous Portion):  212  

Vapor Pressure (mm. Hg):  N/A  

Vapor Density (Air=1):  N/A  
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Solubility in Water:  N/A  

Percent Volatile by Volume (%):  N/A  

Specific Gravity (H2O=1):  1.21  

Evaporation Rate:  N/A  

Appearance and Odor:  Brown viscid liquid slurry with a smell 
similar to wet Portland cement and liquid 
clay. 

 

    

SECTION IV -- CHEMICAL DATA 

    
Chemical family: N/A  

Formula: The major constituents are water, Portland cement, and PSM-200 Setting 
Agent, a blend of sodium montmorillinite clay with synthetic polymers and 
a processed starch.   The slurry also contains P.E.T. fibers, water (or 
landfill leachate), and optional iron oxide coloring agent. 

 

Hazardous mixtures of other liquids, 
solids, or gases: 

 
N/A 

 

    

SECTION V -- FIRE AND EXPLOSION HAZARD DATA 

    
Non-explosive, Non-flammable    

    

SECTION VI -- HEALTH HAZARD DATA 

    
Threshold Limit Value: N/A  

Effects of Overexposure:    

Acute: Can dry skin and cause alkali burns.  May cause eye and skin irritation to 
those with sensitive skin. 

 

Chronic: Non-observed, if properly handled.  If cured material is pulverized and 
dispersed, fugitive dust can cause inflammation of the lining tissue of the 
interior of the nose and inflammation of the cornea.  Hypersensitive indi-
viduals may develop an allergic dermatitis. 

 

Emergency and First Aid Procedures: Irrigate eyes with water.  Wash exposed skin areas with soap and water.  
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SECTION VII -- REACTIVITY DATA 

    
Stability:  Product is stable.  

Hazardous Polymerization:  Will not occur.  

Incompatibility:  None known.  

Hazardous Decomposition Products:  None known.  

SECTION VIII -- SPILL PROCEDURES 

    
Steps to be Taken if Material is Re-
leased or Spilled: 

Handle as normal non-hazardous solid waste.  

SECTION IX -- EXPOSURES OF CONCERN 

    
N/A    

SECTION X -- HANDLING  AND USE PRECAUTIONS 

    
Waste Disposal Methods: Material can be disposed of as common waste in approved landfill.  

   

SECTION XI -- INDUSTRIAL HYGIENE CONTROL MEASURES 

    
Ventilation Requirements: Local exhaust may be used.  

Respiratory Protection: A dust mask is recommended during mixing procedures.  

Eye Protection: Use of tight-fitting goggles is recommended.  

Skin Protection: Avoid skin contact with wet slurry.  Wear rubber or plastic gloves.  

Other Protective Clothing or Equipment: Use barrier creams; wear coveralls; shower with soap and water.  
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SECTION XII -- SPECIAL PRECAUTIONS 

    
No special precautions need to be taken in handling and storing.   

SECTION XIII -- DISPOSAL AND SHIPPING INFORMATION 

    

Shipping Name:  N/A (Not Regulated)  

Hazardous Substance:  N/A    

Hazard Class:  N/A    

Caution Labeling:  N/A    

    
        

    

*N/A = Not Applicable.  **N/D = Not Determined   

All information presented herein is believed to be accurate; however, it is the user's responsibility to determine in advance of 
need that the information is current and suitable for their circumstances.  
No warranty or guarantee, expressed or implied, is made by Landfill Service Corporation as to this information or as to the safety, 
toxicity, or effect of the use of this product. 
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Section 5C: 1 – Introduction 
Appendix 5C – Methane Monitoring Plan 
Operation Plan 

 
Landfill gas (LFG) is a natural by-product of the anaerobic decomposition of 
landfilled bio-degradable waste. LFG can present a danger to human health and the 
environment and therefore must be monitored.  For these reasons, LFG is regulated 
by Federal and North Carolina state legislation.  This Plan describes the systems and 
programs needed to fulfill federal and state regulations concerning LFG.  In addition, 
this Plan describes the characteristics of LFG and its migration patterns; and provides 
alternative methods to control and destroy its harmful components.  This additional 
background information is presented in the Plan to insure it is readily available 
should a situation occur that requires information and action beyond that described in 
this Plan. 

This Plan is intended for the Subtitle D landfill only. 

5C: 1.1 Purpose 
This Plan fulfills the requirements set forth in Rule .1626 (4) for monitoring methane.  
This Plan:  

 is intended only for the Subtitle D landfill, 

 describes the necessary methane monitoring systems,  

 sets forth the monitoring procedures and programs, and  

 identifies the actions needed if levels of methane exceed regulatory limits.   

5C: 1.2 General Characteristics of LFG and Methane 
Generation 

Landfill gas (LFG) can be an energy resource as well as a source of environmental 
pollution.  What makes LFG valuable as an energy resource is its methane content.  
LFG is composed of approximately 50 percent methane in contrast to natural gas 
which consists of approximately 95 percent methane.  LFG programs which focus on 
recovering gas as an energy resource include collection and extraction systems used 
to maximize its recovery.  What makes LFG a source of environmental pollution is its 
odor, its potentially explosive properties, and its contribution to global warming.  
LFG programs which focus on the environmental hazards of landfill gas include 
collection systems to monitor the migration of gas and control or neutralize its 
environmental impacts.  

LFG is composed of 50 - 55 percent methane (CH4); 45 - 50 percent carbon dioxide 
(CO2); and, less than one percent non-methane organic compounds.  These individual 
gases remain co-mingled and do not naturally separate.  
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5C: 1.2.1 Decomposition Rate and Volume 
The decomposition of bio-degradable waste begins with aerobic decomposition that 
typically lasts three to 18 months until the oxygen in the landfill is depleted.  
Following this, the anaerobic phase begins which results in LFG production.  This 
anaerobic phase continues until all of the carbon-based materials are broken down or 
oxygen is reintroduced. Some historical LFG production generation models suggest 
that LFG generation continues for as long as 20 years.  However, recent LFG recovery 
projects in California have demonstrated that production may continue beyond these 
20 year estimates.   

A reintroduction of oxygen does not stop the production of LFG, it just retards it.  The 
volume of LFG generated over the life of a landfill is a function of the total volume of 
organic waste in the landfill as influenced by age, moisture, compaction, and pH. 

5C: 1.2.2 LFG Migration 
The production of LFG creates a positive pressure within the landfill that forces the 
gas to migrate. Methane is lighter than air and tends to rise, while carbon dioxide is 
heavier than air and tends to migrate to lower areas of the landfill.  LFG will move 
laterally along the path of least resistance or lowest pressure.  LFG migration is a 
function of soil conditions, hydrogeologic conditions, and weather conditions such as 
barometric pressure changes, ambient temperatures, air movement, precipitation, and 
other parameters (for example, ice and snow).  LFG moves through porous soils, 
along underground pipes, and through trenches.  In some cases the LFG migration 
path can be observed at the surface through observations of stressed vegetation.  In 
these instances LFG replaces the oxygen in root structures and eventually destroys the 
plants. 

If tightly capped, LFG will move downward or laterally.  Unless LFG is collected, it 
may migrate laterally, off the landfill site.  If the landfill does not have an 
impermeable cover cap, LFG may migrate upward, through the landfill surface and 
cause odor and air quality problems.  The lining and capping of a landfill does not 
effect the production of gas, it only improves the potential to collect and control it.
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Section 5C: 2 - Regulatory Background 
Appendix 5C – Methane Monitoring Plan 
Operation Plan 

Because of the real and potential dangers from LFG and the methane in landfill gas, to 
the public health and safety and to the environment, existing and pending federal and 
state regulations require owners of municipal solid waste landfills (MSWLFs) to 
monitor and control it.  The regulations are contained in Section 258.23 of Subtitle D of 
the Resource Conservation and Recovery Act (RCRA), Title 15 A NCAC Subchapter 
13 B Section .1626 (4), and Section 111 of the Clean Air Act (CAA). 

5C: 2.1 Subtitle D and North Carolina Regulations 
Methane gas is explosive when present within the range of 5 percent to 15 percent by 
volume in air.  When present in concentrations greater than 15 percent, the mixture 
will not explode.  The 5 percentage mixture is referred to as the Lower Explosive 
Limit (LEL) while the 15 percentage concentration is referred to as the Upper 
Explosive Limit (UEL).  The State of North Carolina, through its 15A NCAC 13B .1626 
(4) (a); and EPA, through the Subtitle D regulations part (a) of Section 258.23 parts (a) 
and (b) requires owners of operating MSWLFs, by October 9, 1993, to ensure that the 
facility: 

 does not exceed 25 percent of the lower explosive limit for methane in facility 
structures; and 

 does not exceed the lower explosive limit at the facility property boundary.   

The lower explosive limit means the lowest percent by volume of a mixture of 
explosive gases in air that will promulgate a flame at 250 C and atmospheric pressure. 

Part (b) of Section 258.23 and part (b) of Section .1626 of the North Carolina 
regulations require that a routine methane monitoring program be implemented to 
insure that these standards are met.  A methane monitoring program typically 
involves sampling LFG emissions, using a specially designed meter, through a system 
of strategically located and specifically designed wells, on a regularly scheduled basis.  
The time and frequency of monitoring must be determined based on soil conditions, 
hydrogeologic conditions and hydraulic conditions surrounding the facility, and 
locations of structures and property boundaries.  However, compliance with Subtitle 
D requires that the minimum frequency of monitoring be quarterly. 

Part (c) of Section 258.23 and part (c) of Section .1626 of the North Carolina 
regulations require that if methane levels exceed the specified limits, the owner or 
operator must: 

 immediately take all necessary steps to ensure the protection of human health; 
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 immediately notify the State Director (it is assumed that this will be the Director of 
the North Carolina DSWM); 

 within seven days of detection, place in the operating record the methane gas 
levels detected; 

 within seven days of detection, provide a description of the steps taken to protect 
human health; 

 within 60 days of detection, implement a remediation plan for the methane gas 
release; the plan shall describe the nature and extent of the problem and the 
proposed remedy; 

 within 60 days of detection, place a copy of the plan in the operating record of the 
landfill; and 

 within 60 days of detection, notify the State Director that the plan has been 
implemented.  

5C: 2.2 Clean Air Act 
On May 30, 1991, EPA proposed new source performance standards (NSPS) and 
emission guidelines for air emissions from municipal solid waste landfills.  These 
guidelines are under Section 111 of the Clean Air Act (CAA).   

5C: 2.2.1 Summary of the Proposed Regulations 
The portion of the NSPS that affect MSWLFs are under Section 111(b) and 111(d) of 
the CAA.  The standards and guidelines require the periodic calculation of an annual 
non-methane organic compound (NMOC) emission rate at each affected or designed 
MSWLF facility.  The calculation involves the use of a US EPA model.  At each facility 
where the calculated emission rate is equal to or exceeds the regulatory cut off of 50 
Mg per year of NMOC, the MSWLF will be required to design and install a LFG 
collection system and then combust (with or without energy recovery) the captured 
LFG.  The standards are based on the use of an active collection system (i.e. a system 
that "actively" or mechanically draws out the LFG) and flares the gas to satisfy a 98 
percent destruction criteria.  Other control devices will be acceptable if they can 
demonstrate this level of destruction. 

5C: 2.2.2 Compliance 
Currently, the Subtitle D landfill has a Title V Operating Permit.  Tier 2 testing was 
completed in August 2007 and indicated that the landfill was below the 50 MG per 
year NMOC concentration therefore an active gas collection system is not required.  
The County is in compliance with all requirements in the Title V Operating Permit.
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Section 5C: 3 - Methane Monitoring System 
Appendix 5C – Methane Monitoring Plan 
Operation Plan 

The first step needed to meet Subtitle D and North Carolina methane monitoring 
requirements involves installing a methane monitoring system.  The next step 
involves implementing a methane monitoring program.  The third step requires 
developing a plan for the actions that will be taken if monitoring results meet or 
exceed the regulatory limits.  This section describes the methane monitoring system.  
Section 5C: 4 describes the methane monitoring program. Section 5C: 5 describes the 
proposed plan for actions.  

A methane monitoring system could consist of trenches, wells, or probes designed 
and equipped to monitor methane migration and concentration.  Portable monitoring 
equipment is needed to complete the system if it is not installed at the well heads.  
Equipment can include portable hand-held meters or probes that can be used to 
measure the level of methane and non-methane trace elements in the LFG.  

5C: 3.1 Summary of Recommendations 
Subtitle D regulations do not provide specific guidance regarding design 
requirements for methane monitoring systems.  A methane monitoring system should 
be constructed in phases as landfill development progresses.  System design based on 
several factors, including:  1) the observation of no visible sign of methane migration, 
2) the assumption that the soils in the landfill are fairly uniform in composition and 
compaction (which would indicate that there is no specific path that the methane 
would take to migrate away from the site), and 3) the site specific size and logistic 
layout of the landfill. 

5C: 3.2 Well Design and Depth 
Subtitle D does not provide specifications for either well design or spacing.  The state, 
through the Solid Waste Section, has not formalized well design nor spacing 
requirements as of this writing.    

It is proposed by this report that the well design compliment the standards defined in 
the CAA regulations (see Figure 5C: 3-1).  Current methane monitoring wells were 
installed per Figure 5C: 3-1 and it is proposed to continue to use this detail.  
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Each well is to be installed using a drill rig to a depth of approximately 18 inches 
above the seasonal high ground water table.  Based on a review of the existing 
groundwater monitoring wells and boring logs, the average depth to the ground 
water is approximately 20 feet.  It is recommended that each well be dug to ground 
water to insure adequate depth.  A pipe, perforated over the bottom two thirds of the 
well depth will be placed in the center of the well.  A minimum requirement for 
perforations is holes or slots with and open area equivalent to .01-m (1/2 in.) diameter 
spaced 90 degrees apart every 0.1 to 0.2 m (4 to 8 in.).   

After the pipe is placed in the center of the hole, it is backfilled with pea gravel to a 
level 0.3 m (one ft) above the perforated section.  A layer of back-fill material at least 
1.2 m (four ft) thick is added.  A layer of bentonite 0.45 m (18 inches) thick is added 
and the remainder of the hole is backfilled with cover material or material equal in 
permeability to the existing cover cap material.  

5C: 3.3 Well Layout 
The methane monitoring well layout is presented in Figure 1.  Existing methane 
monitoring wells M-1 and M-2 are south of Cells 1 and 2.  These wells were installed 
in 1997 and, along with the existing structures at the site, have been monitored for 
methane gas quarterly.  To date, neither of these wells have had a detection of 
methane gas.  

Methane monitoring wells M-3 and M-4 were installed during the 2009 4th quarter. 
The well locations are shown on Figure 1 to monitor possible methane gas migration 
to the north and west of the existing landfill cells.  Monitoring of these wells ensures 
that methane gas will not exceed the LEL at the facility property boundary. 

Future proposed methane monitoring wells M-5, -6, -7, -8, and -9 will be installed as 
subsequent phases of the landfill are constructed.  M-5 will be installed north of the 
future Cell 7; M-6 will be installed east of future Cell 7; M-7 will be installed east of 
future Cell 8; M-8 will be installed southeast of future Cell 9; and M-9 will be installed 
south of future Cell 10.  Actual well locations for these future proposed wells may be 
modified as future Permit to Construct Applications are submitted.   

5C: 3.4 Monitoring Equipment 
The County currently uses a GEM 2000 for methane monitoring.   
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Section 5C: 4 - Methane Monitoring 
Program 
Appendix 5C – Methane Monitoring Plan 
Operation Plan 

A methane monitoring program includes a schedule for reading or monitoring 
methane concentrations at designated locations on a regular basis and a system for 
reporting the concentration levels.  

The requirements for regularly reading the methane concentration levels, and the 
plan for actions if readings exceed safe levels should, at a minimum, be based on 
compliance with state and federal regulations.   

5C: 4.1 Frequency of Routine Monitoring 
Subtitle D and Rule .1626 (4) (b) (ii) regulations require quarterly monitoring of 
methane.   

5C: 4.2 Staffing 
Monitoring should be done by a SWANA certified landfill operator or MOLO using 
calibrated equipment designed to determine the level of methane in monitoring wells 
approved for the Subtitle D landfill and inside structures on the landfill site. 

5C: 4.3 Monitoring Procedures 
Each regular quarterly monitoring procedure should begin by checking methane 
levels in the scale house and any occupied structure on the landfill site.  Next, the 
non-occupied buildings at the landfill should be checked.  Finally, monitoring wells 
should be checked.  

If the methane levels detected within on-site buildings are greater than 25 percent of 
the lower explosive limit, the technician shall immediately follow the actions 
presented in Section 5C: 5.1 of this report.  If methane levels detected at the wells 
exceeds the lower explosive limit, the technician shall immediately follow the action 
plan presented in Section 5C: 5.2. 

5C: 4.4 Recordkeeping 
All readings will be recorded onto a methane monitoring log form, a sample form is 
included at the end of this section.  This form or similar will be used.  These forms 
will be reviewed by the landfill manager or the County's environmental consultant 
and placed on file at the landfill with other landfill records.   These readings should be 
available for review by EPA and the State upon request.  
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METHANE MONITORING LOG FORM 
(this report must be completed quarterly) 

Buncombe County Subtitle D Landfill 
Buncombe County, North Carolina 

Technician Name: _________________________________ 

Date:  (mo/day/year) _________________________________ 

General weather conditions: _____________________________ 

Temperature: _________________________________ 

Barometric condition pressure: _________________________ 

MONITORING INSTRUCTIONS 

1. Measure methane levels within structures on the landfill property.  The landfill 
gas reading must not exceed 25% of the methane lower explosive limit (LEL).  If 
methane measurements exceed 25% of the LEL, contact the landfill manager and 
follow the outlined plan in Appendix C, Section 5C: 5.1 of the operations manual. 

2. Measure methane levels at current methane monitoring wells. The landfill gas 
reading must not exceed the methane LEL.  If methane measurements exceed the 
LEL, contact the landfill supervisor and follow the outlined plan in Appendix C of 
the operations manual. 

3. Complete the entire data sheet located on the following page or similar data sheet. 

4. If methane levels exceed the above-mentioned levels at any monitoring location, 
report the measurements to the landfill manager at the following number:  (828) 
250-5460. 

5. File the methane monitoring log sheet. 
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METHANE MONITORING DATA SHEET 
 

Monitoring Locations 
% LEL 

Reading 

Within Compliance 
Landfill Supervisor 

Contacted 
Monitoring Point 
within Structure Yes No Yes No 

Scale house       

Admin. bldg.       

Drop-off facility       

Methane well-1       

Methane well-2       

Methane well-3       

Methane well-4       

Methane well-5*       

Methane well-6*       

Methane well-7*       

Methane well-8*       

Methane well-9*       

Comments and Observations: 
 
 
 

Landfill Manager Actions Taken: 
 
 
 
 

*Wells M-5 through M-9 to be installed with subsequent landfill development.
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Section 5C: 5 - Exceedance Response Plan 
Appendix 5C – Methane Monitoring Plan 
Operation Plan 

Both Subtitle D and the North Carolina Solid Waste Management Rules require and 
an exceedance response plan for action if methane levels exceed the regulatory 
concentration limits.  The plan of action includes the specific step by step actions 
needed should regulatory limits be detected. 

5C: 5.1 Actions if Regulatory Limits Detected in 
Structures 

If any structures on the landfill property measures a methane level equal to or more 
than 25 percent of the LEL the following actions should be taken:  

 the building should be immediately evacuated 

 the landfill manager should be immediately contacted 

 all individuals in and around the structure should be ordered to immediately stop 
smoking 

 all space heaters and similar appliances should be immediately disconnected from 
their power source 

 all doors and windows in the structure which gave the reading should be opened 
to permit the methane to escape 

 equipment used to take the readings should be tested immediately to verify it was 
giving accurate readings 

The technician will then proceed to take readings at all methane monitoring wells at 
the landfill.  All levels should be verified and recorded in the methane monitoring log 
book.  This information, including the verification that the equipment is providing 
accurate readings, the current readings, and the levels at all monitoring locations for 
the previous three quarters should be provided to the County's landfill manager.  The 
Buncombe County landfill manager will make the decision to return to business as 
usual; temporarily evacuate the site; or follow the plan proposed in Section 5C: 5.3. 

5C: 5.2 Actions if Regulatory Limits Detected at 
Monitoring Wells 

If any of the methane monitoring wells measure a level equal to or more than the 
lower explosive limit as defined by Subtitle D, the technician should: 

 immediately contact the landfill manager 
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 recheck the methane levels inside the facility structures.  (If levels are close to or 
exceed 25 percent of the lower explosive level the actions in Section B5.1 should be 
followed.)   

Once it is verified that levels inside the buildings are safe, the technician should check 
and record readings at all remaining methane monitoring wells on the site.  

 the equipment used to take the readings should be tested to verify it is giving 
accurate readings   

This information, the current readings, and the levels for the previous three quarters 
should be provided to the Buncombe County landfill manager who will make the 
decision to: return to business as usual; temporarily evacuate the site; or, follow the 
plan proposed in Section 5C: 5.3. 

5C: 5.3 Subtitle D Compliance Action Plan 
If upon verification as described in Sections 5C: 5.1 and 5C: 5.2, the methane 
monitoring levels are equal to or exceed the regulatory limits as defined by Subtitle D, 
the following actions are proposed to both comply with Subtitle D regulations as well 
as protect the health and safety of the individuals at or near the landfill site. 

5C: 5.3.1 Immediate Action 
If methane levels exceed the specified limits, the landfill operator or the landfill 
manager will take immediate action to ensure the protection of human health and 
safety.  This may include: 

 evacuate all buildings on the site; 

 open all doors and windows in buildings on the landfill site; 

 notify the Buncombe County Manager Office's about the concentration levels; 

 if warranted by the degree of intensity of the methane concentration, check the 
methane levels in structures near the landfill yet outside the facility boundary; 

 if warranted by the degree of intensity of the methane concentration, evacuate the 
landfill area or evacuate the area adjacent to the landfill; 

 notify the State Director of the Subtitle D compliance program about the reading; 

 begin to identify or narrow down the source of the methane causing the readings 
exceeding the regulatory limits (i.e. the path that the methane is taking to the 
monitoring location); 

 begin to identify the extent of the methane problem; 
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 as appropriate, begin to take corrective action to control the methane levels in 
building at the landfill site, at the boundaries to the landfill, and at the landfill site.  

5C: 5.3.2 Actions Within Seven Days 
If methane levels exceed the regulatory limits, in order to comply with Subtitle D, the 
County must take the following actions within seven days: 

 place in the operating records of the landfill, the gas levels detected; and, 

 provide a description to the approved state or federal EPA agency a description of 
the steps taken to protect human health. 

It is also suggested that at this time, the operator begin to develop a plan which: 

 describes the nature and extent of the problem and 

 proposes the remedy for the problem. 

5C: 5.3.3 Actions Within Sixty Days 
If methane levels exceed the specified limits, the County must take the following 
actions within 60 days: 

 implement a remediation plan for the methane gas release; 

 place a copy of the plan in the operating record of the landfill; 

 notify the appropriate State Director or EPA official that the plan has been 
implemented. 

5C: 5.4 Public Relations and Information 
As with any potentially dangerous situation, it is important to keep the public, public 
service agencies, and the media informed.  False information, inaccurate information, 
or the lack of information concerning potential explosions at a public facility could 
create panic.   

If the County Manager determines that a potentially dangerous situation exists, it is 
recommended that a one page explanation of the situation be written and distributed 
to all homes and businesses within a one-half mile radius of the landfill.  This should 
be done within the first two to four hours of making the determination that a 
potential danger to human health and safety exists. 

It is recommended that the County Manager appoint one individual to provide 
information to: the media; the police authorities with jurisdiction in the area; and area 
medical facilities.  Area hospitals and police departments may receive calls once the 
local media releases the story.  Centralizing the flow of information will avoid 
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conflicting information and inaccurate information.  Providing detailed and honest 
facts about the situation being under control is critical.   
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Section 5C: 6 - Options for Controlling LFG 
Appendix 5C – Methane Monitoring Plan 
Operation Plan 

This section presents several options which may be implemented by Buncombe 
County should methane readings exceed regulatory levels.  It is presented in this Plan 
to insure that the information is readily available to the County if needed.  

If regular LFG monitoring demonstrates levels that exceed the regulatory limits, 
Subtitle D requires actions by the owner of the MSWLF, to eliminate the problem.  
Remedial options to eliminate the problem include controlling the migration path or 
controlling the release of the LFG into the environment. 

5C: 6.1 Migration Control Techniques 
Four techniques which can be used for controlling the migration of LFG include: 

 impermeable physical barriers 

 passive removal system 

 active removal system 

5C: 6.1.1 Impermeable Physical Barriers 
An impermeable physical barrier, such as a landfill liner or a vertical impermeable 
barrier, can be installed to impede and ultimately stop the migration of LFG.  This 
type of a barrier also helps to contain the gas thereby facilitating its collection. 

5C: 6.1.2 Passive Removal System 
A passive removal system generally provides a safe path of least resistance for 
migrating LFG to exit the landfill.  Passive removal systems include open air ditches 
or passive venting wells installed in porous gravel trenches.  These systems are 
designed to rely on the difference between the internal landfill pressure and the 
atmospheric pressure to control the migration path that the LFG takes. 

5C: 6.1.3 Active Removal System 
An active LFG collection and control system is in place at the Subtitle D landfill.  An 
open flare destroys collected LFG.  This system can be used to control methane 
migration. 
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 Section 1 
Introduction 
 

1.1 Purpose 
The purpose of this Water Quality Monitoring Plan is to address the requirements in 
Rule .1623(b)(3)(B), and to present a plan for groundwater and surface water 
monitoring for the proposed Buncombe County Subtitle D Landfill, Cell 6.  The Water 
Quality Monitoring Plan includes information on the expansion of the existing 
groundwater monitoring network, surface water monitoring plan, sampling and 
analysis requirements, and detection monitoring requirements.  The groundwater 
monitoring network was designed based on information obtained from recent and 
previous subsurface investigations and a review of literature pertaining to regional 
geology and groundwater resources.  A detailed discussion of the geological and 
hydrogeological conditions at the Cell 6 Area is presented in both the Site Plan 
Application and the Design Hydrogeologic Report for the Cell 6 Area.  

1.2 Scope 
The Water Quality Monitoring Plan includes the following elements, in accordance 
with Rules .1630 through .1637 of the North Carolina Administrative Code: 

 Design and installation of a groundwater monitoring system, based on site-specific 
information, to yield groundwater samples from the uppermost aquifer that 
represents the quality of the background groundwater that has not been affected by 
landfill  activities or other man-made activities. 

 Design and installation of groundwater monitoring system, based on site-specific 
information, to yield groundwater samples from the uppermost aquifer that 
represent the quality of groundwater passing the relevant point of compliance. 

 Monitor wells designed and constructed in accordance with the applicable North 
Carolina Well Construction Standards as found in 15A NCAC 2C. 

 A Sampling and Analysis Plan that includes procedures and techniques for sample 
collection, sample preservation and shipment, analytical procedures, chain-of-
custody procedures, and quality assurance and quality control. 

 A statistical analysis methodology to be applied to the groundwater monitoring 
data in order to evaluate and demonstrate compliance with the groundwater 
performance standards, once sufficient analytical data is collected. 

 A certification of effectiveness of the water quality monitoring plan is provided in 
Appendix A. 
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Section 2 
Geologic Setting 
The Buncombe County Landfill site is located in the Blue Ridge Mountains 
approximately 9 miles north of Asheville, North Carolina.  The entire landfill site 
consists of 557 acres bounded by the French Broad River to the south and west, Blevin 
Branch to the north, and Flat Creek to the east.  The site consists of moderate to steep 
slopes separating narrow hills and ridges from small incised secondary drainages. 

2.1 Geology 
The Geologic Map of North Carolina shows the site to be underlain by a Precambrian 
Migmatitic biotite-hornblende gneiss unit (NCGS 1985).   The site vicinity was 
mapped as primarily granite gneiss (Weiner 1970).   

The residuum soils (saprolite) generally consist of stiff sandy silts and dense clayey, 
silty sands with occasional clay lenses.  The saprolite grades into partially weathered 
rock (PWR).  PWR was encountered in the borings as indicated by a blow count 
greater than 50 blows per six inch interval.  The thickness of saprolite and PWR was 
greatest in upland areas, and least in the bottom of secondary drainage features.  
Depth to bedrock in the Cell 6 Area, defined as depth to auger refusal, ranges from 
15.5 feet bgs (BC-102) to 51 feet bgs (B-712).  The average bedrock depth was about 32 
feet, which is similar to the bedrock depths in the Cell 1-5 Area (CDM 2000).  The top 
of bedrock is a subdued reflection of surface topography, with shallow bedrock in the 
secondary drainage features, and deeper bedrock in upland areas. 

2.2 Hydrogeology 
As with bedrock, the potentiometric surface is a subdued reflection of surface 
topography.  As shown on Sheet 2-1, groundwater flow in the Cell 6 Area is generally 
towards the north with discharge to Blevin Branch.  Groundwater is typically not 
present above the bedrock surface; groundwater was present in the shallower 
lithologic units only in the bottom of the secondary drainage features within the Cell 6 
Area.  The bedrock fracture flow system behaves similar to an anisotropic porous 
media, based on the results of pumping tests presented in the Design Hydrogeologic 
Report (for Cells 1-3, CDM, 1995).  The depth of groundwater circulation beneath the 
Cell 6 Area is estimated at approximately 100 feet below ground surface (bgs), based 
on analysis of the regional flow system as discussed in the Design Hydrogeologic 
Report.  Thus, groundwater monitoring can be focused on depths of less than 100 feet 
bgs.  As shown in Sheet 2-1, groundwater flow converges into the secondary drainage 
feature at the site, therefore these secondary drainage feature are an important target 
for groundwater monitoring. 
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Section 3 
Proposed Groundwater Monitoring 
Network 
This section presents the proposed groundwater monitoring network for the Cell 6 
Area.  Section 3.1 presents proposed monitoring well locations, Section 3.2 discusses 
monitoring well installation and construction specifications, Section 3.3 discusses 
hydraulic conductivity testing of the monitoring wells, Section 3.4 discusses the 
alternate groundwater monitoring system and Section 3.5 is the surface water quality 
monitoring plan. 

3.1 Monitoring Well Locations 
The SWS regulations require that upgradient monitoring well(s) be located so that 
groundwater samples collected from the uppermost aquifer provide an indication of 
background groundwater quality.  Upgradient wells MW-1a and MW-1b have 
already been installed to monitor background water quality.  No additional 
background wells are proposed for the Cell 6 Area.   The downgradient monitoring 
wells must represent groundwater quality at the relevant point of compliance.  The 
wells must be located in similar geologic units so that upgradient and downgradient 
groundwater quality data can be compared. 

As the groundwater beneath the site is a three dimensional system, nested point of 
compliance wells are proposed.  In locations in which saturation occurs above the 
bedrock surface, the shallow monitoring well will be completed in the saprolite or 
PWR.  If a sufficient thickness of saturated saprolite/PWR zone is found, then the 
well will be installed in this zone.  The zone should be of sufficient thickness to 
account for seasonal fluctuations in the water table.  If a sufficient saturated thickness 
is not present, then the boring will be advanced into the bedrock and the well will be 
screened across the saprolite and bedrock contact.  As discussed in the Design 
Hydrogeologic Report, saturated conditions above bedrock are found in the bottom of 
secondary drainage features.  In locations in which no saturation is encountered 
above the bedrock surface, the shallowest completion will be in bedrock.  The bedrock 
monitoring wells at each location will target the shallowest water-bearing fracture 
zones encountered.  Drilling observations and air lift yield tests will be utilized to 
identify fractured zones. 

The following nomenclature will be used for the nested monitoring wells: 

MW-13 - Monitoring well at location # 13, with the screened interval in 
saprolite/PWR or saprolite - bedrock contact. 

MW-13D - Monitoring well at location # 13, with the screened interval in conductive 
fracture zone in the bedrock aquifer. 
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The groundwater monitoring system is shown in Sheet 3-1.  This sheet shows the 
Cells 1-5 and the relationship of the monitor wells to the cells.   Monitoring wells 
MW-2 through MW-8 and MW-10 and MW-11 are located around Cells 1-5.  
Monitoring well nests MW-9 and MW-12 are located downgradient of the C&D 
landfill. The location of the background well nest (MW-1,1D) is shown on Sheet 3-1. 
Table 3-1 lists the existing monitoring well network, the proposed monitoring well 
nest for the Cell 6 Area, the approximate depth of completion for the proposed wells, 
and the rationale for each location. 

3.2 Monitor Well Installation and Construction 
The monitoring wells will be constructed in accordance with standard industry 
procedures and will meet the requirements of 15A NCAC 2C.  An example of a 
monitoring well nest is shown on Figure 3-1.  The monitoring wells at locations of 
potentially saturated saprolite or PWR (MW-13) will be installed by advancing the 
borehole through the water table using hollow-stem augering techniques.  Soil 
samples will be collected at five-foot intervals with a split spoon sampler in 
accordance with ASTM D-1586.  Soil lithology will be described in the field by an 
onsite geologist to develop a borehole log.  If saturated conditions are not evident 
upon refusal of hollow stem auger drilling, then a temporary well screen will be 
placed in the hole for a period up to 48 hours to determine whether the well will yield 
water.  This area has been filled in to accommodate hauling of daily cover material, if 
hollow stem auger methods are no practical due to boulders in the fill, both wells will 
be installed with air rotary methods. 

If no saturation is expected or encountered during hollow stem auger drilling, then 
the shallowest well will be installed in the upper portion of the bedrock aquifer 
utilizing air rotary drilling techniques.  During air rotary drilling, drilling 
observations will be recorded by an onsite geologist, including observed fractures and 
lithologic descriptions from cuttings.  Drilling will proceed until the first water-
bearing fracture is encountered.  Upon observing a fracture (an evident drop of the 
drill rod and/or a change in drill chatter), then an air lift yield test will be conducted.  
The drill rod will be raised at least 10 feet, and operations will cease for a period of 30 
minutes.  After the 30 minute period, the drill rod will be lowered to the bottom of the 
hole, and air will be blown for a period of 10 minutes.  The amount of water coming 
from the hole at this time (if any) will be estimated in gallons per minute.  If the 
borehole is dry, then the drill rig will be moved approximately 20 feet, and the above 
procedure repeated. 

At locations in which a deeper well is desired (MW-13d), the deep well will be drilled 
after the shallow well and installed at least 20 feet deeper than the bottom of the 
shallow borehole.   The deeper well will target the more conductive fracture zones 
encountered at depth.  The above procedure for observing fractures and performing 
air lift yield tests will be applied.   If no evident fractures are encountered at a depth 
between 20 and 35 feet below the bottom of the shallow well, then drilling will 
continue to until a fracture zone is encountered.  Since the wells will be located 



Table 3-1
Groundwater Monitoring System Details

Buncombe County Solid Waste Management Facility
EXISTING WELLS

Monitoring Well I.D

TOC 
Elevation feet 

AMSL

Ground 
Elevation* 
feet AMSL

Borehole Depth 
feet

Screened 
Interval       (feet 

bgs)
Sand Pack 
(feet bgs)

Bentonite Seal 
Interval (feet 

bgs)

Surface 
Casing 
Depth 

(feet bgs)

Surface 
Casing 

Borehole 
Diameter 

inches

Surface 
Casing 

Diameter 
inches

Well 
Borehole 
Diameter 

inches

Well 
Casing 

Diameter 
inches

MW-1 2021.22 2019.28 76.00 76.00-61.00 76.00-59.00 59.00-57.00 NA NA NA 8.00 2.00

MW-1D 2021.57 2019.97 200.00 95.00-85.00 97.00-81.00
81.00-78.00 

200.00-97.00 80.00 10.00 6.00 8.00 2.00
MW-2 1920.86 1918.54 20.00 20.00-5.00 20.00-3.00 3.00-1.00 NA NA NA 8.00 2.00

MW-2D 1920.51 1918.63 55.00 55.00-45.00 55.00-42.00 42.00-39.00 NA NA NA 8.00 2.00
MW-3 1987.66 1985.48 38.00 38.00-23.00 38.00-21.00 21.00-18.5 NA NA NA 8.00 2.00
MW-4 1944.35 1942.48 25.00 24.00-9.00 24.00-7.00 7.00-5.00 NA NA NA 8.00 2.00

MW-4D 1944.64 1942.79 55.00 55.00-45.00 55.00-43.00 43.00-40.00 NA NA NA 8.00 2.00
MW-5 1977.12 1975.39 50.00 50.00-35.00 50.00-33.00 33.00-31.00 NA NA NA 8.00 2.00

MW-5D 1976.92 1975.31 81.00 81.00-71.00 81.00-68.50 68.50-66.50 50.00 10.00 6.00 8.00 2.00
MW-6 1987.34 1985.39 50.00 50.00-35.00 50.00-27.00 27.00-24.5 NA NA NA 8.00 2.00
MW-7 2022.83 2020.72 61.00 57.00-42.00 61.00-40.00 40.00-38.00 NA NA NA 8.00 2.00
MW-8 1962.06 1959.85 70.00 70.00-55.00 70.00-53.00 53.00-51.00 NA NA NA 8.00 2.00

MW-8D 1962.47 1960.57 95.00 95.00-85.00 95.00-82.50 82.50-79.00 NA NA NA 8.00 2.00
MW-10 2010.54 2007.5 73.00 58.00-73.00 56.00-73.00 54.00-56.00 NA NA NA 6.00 2.00

MW-10D 2010.56 2007.5 117.00 102.00-117.00 100.00-117.00 98.00-100.00 NA NA NA 6.00 2.00
MW-11 1966.71 1963.7 50.00 35.00-50.00 33.00-50.00 31.00-33.00 NA NA NA 6.00 2.00

MW-11D 1966.15 1963.2 70.00 60.00-70.00 58.00-70.00 56.00-58.00 NA NA NA 6.00 2.00

PROPOSED WELLS

Drilling Screen Interval
Nest Well Method Depth (feet) ** Rationale

MW-13 MW-13 HSA 10-20 Downgradient of Cell 6 sump within drainage feature; screened in saprolite/PWR or saprolite bedrock contact
MW-13D Air Rotary 30-45 Downgradient of Cell 6 sump within drainage feature; screened interval in conductive fracture zone of bedrock

Notes:
*  Well will be installed using hollow stem augers only if a sufficient thickness of saturated 
   saprolite/PWR is found.  If not, then boring will be advanced into bedrock using air rotary drilling
   and the well will be screened across the saprolite and bedrock contact.
**  The screen interval depths are estimated.  Actual depths will depend on subsurface conditions.
AMSL- Above Mean Sea Level
TOC - Top of Casing
NA - Not Applicable
* Top of Pad Elevation.

A table3-1.XLS



4" Steel, Locking Protective Cover

Finished Grade
2'x2'x6" Concrete Pad

12" +/- Borehole Diameter

6" Schedule 80 PVC Surface Casing

2" Schedule 40 PVC Blank Casing

Portland Type I Cement Grout

Top of Bedrock

6" +/- Borehole Diameter

2' Bentonite Seal

Silica Sand Filter Pack

2" Schedule 40 PVC 0.010 inch Slotted Well Screen

6" Threaded, PVC End-Cap

Notes:
Stick-up will extend between 2.5 and 3 feet above finished grade.
Silica sand filter pack will extend at least 2 feet above top of screen elevation.
Screen length will vary according to groundwater elevation, bedrock elevation, or fracture frequency.
Length of 6" surface casing will vary depending on bedrock elevation and fracture frequency.

A
Figure 3-1

Typical Type III Groundwater Monitoring Well
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between the landfill and the groundwater discharge features, it is anticipated that 
most wells will be completed within 100 feet of ground surface.  Also, based on 
observed subsurface conditions, it appears that the more conductive fracture zones 
will be encountered within the upper 100 feet of the bedrock.  However, if subsurface 
conditions dictate that a deeper completion is required, then the wells will be installed 
at that depth.  All the deeper monitoring wells will target the most conductive 
fracture zones, regardless of depth.    

The monitoring wells will be constructed using 2-inch ID PVC well casing with 
threaded flush joints.  The shallow monitoring well will be constructed with fifteen 
feet of 0.010-inch slot screen at the end of the casing string placed so that it brackets 
the water table.  The deeper monitoring well will be constructed with a ten foot screen 
interval.  The PVC casing string will extend approximately two feet above ground 
surface.  A sand pack will be placed around the screen interval to a maximum of two 
feet above the top of the screen.  A two foot thick bentonite seal consisting of hydrated 
bentonite pellets will be placed on top of the sand to hydraulically seal the completion 
interval.  The remainder of the annulus will be sealed with a bentonite-Portland 
cement grout to ground surface.  A protective outer casing with a lockable cap will be 
placed over the PVC casing and into the grout, extending 2.5 to 3 feet below ground 
surface.   

Following completion, the monitor well will be developed to remove the residual 
effects of drilling.  The well will be developed using a combination of surging and air 
lifting.  All drilling and downhole equipment will be decontaminated by steam 
cleaning between borings. All well casing will also be decontaminated by steam 
cleaning.  Well development equipment will be decontaminated by washing in a non-
phosphate detergent solution followed by a potable water rinse, then a distilled water 
rinse, and allowed to air dry.  

The horizontal location of all new monitor wells will be surveyed in State Plane 
Coordinates by a Registered Land Surveyor to the nearest 0.1 foot.  The vertical 
control or elevation of the top of PVC casing (the well measuring point) will be 
surveyed to the nearest 0.01 foot accuracy to mean sea level (msl).  The height of the 
well measuring point above ground surface will be measured. 

3.3 Hydraulic Conductivity Testing 
Following installation and development of the new monitor wells, the hydraulic 
conductivity of the aquifer material surrounding each well will be determined by 
conducting slug falling head and/or recovery tests on each well.  During drilling 
operations, where possible, saturated saprolite samples will be collected for 
laboratory testing of porosity.  

3.4 Alternate Groundwater Monitoring System 
Similar to Cells 1-5, an alternate groundwater monitoring system has been designed 
for installation under critical portions of Cell 6.  The applicability of alternative 
monitoring has been evaluated and a system has been designed that, in conjunction 
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with the groundwater monitoring wells and the surface water sampling locations, 
should provide adequate means to monitor groundwater quality on the site.  The 
alternate monitoring system is designed to detect contamination where it is most 
likely to first occur., i.e. to supplement conventional groundwater monitoring wells.  
The proposed system consists of a high permeability stone layer underlain by a scrim 
reinforced plastic tarp, located below the sump areas within each cell.  The stone layer 
will provide a preferential pathway where any leakage from the landfill units will be 
collected.  An outlet pipe with a capped end will be installed from the low point of the 
stone layer through the landfill embankment (sloped for positive drainage).  Note that 
some infiltration of stormwater may occur, as is the case with conventional 
monitoring wells, therefore the presence of water in the system will not necessarily 
indicate a leak.  Analytical testing of any water collected will be used to determine if a 
leak has occurred. 

To accommodate the alternative monitoring system, minor revisions have been made 
to the subbase grading in each cell.  The grading revisions will provide a larger, flatter 
sump area in each cell.  The revisions will allow a meaningful alternative monitoring 
system area to be defined and will lower the maximum head on the liner in a sump 
area if a pump failure occurs.  The plan view area covered by the Alternate 
Monitoring System is defined by the area at each cell that would pond stormwater 
from a 25 year storm event if a sump pump failure occurred.  This would be an 
extreme condition, but is potentially the only area of the cell where greater than one 
foot of head on the liner system could occur.  The inlet of the monitoring system 
outlet pipe is located in the lowest point of the sump area and is sloped to drain 
through the landfill embankment.  A three foot compacted soil layer has been 
designed on top of the 6-inch stone collection layer to provide an adequate thickness 
of compacted subgrade to ensure integrity of the clay layer.  The cell grading 
revisions and incorporation of an alternative monitoring system will further improve 
the integrity of the liner system and will enhance environmental protection. 

3.5 Surface Water Quality Monitoring Plan 
No alterations are required to the surface water quality monitoring plan currently in 
place at the landfill. 
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Section 4 
Sampling and Analysis Plan 
 

4.1 Introduction 
Rule .1632 (a) specifies that the owner/operator must provide, as part of the 
groundwater monitoring program, a groundwater and surface water sampling and 
analysis (S&A) plan.  The S&A plan should be designed to provide accurate results of 
groundwater quality at the upgradient and downgradient sampling locations.  The 
S&A plan will address the following subjects: 

 Groundwater sample collection 

 Sample preservation and shipment 

 Analytical procedures 

 Chain-of-custody 

 Quality assurance/quality control (QA/QC) 

4.2 Groundwater and Surface Water Sample Collection 
Upon completion of well construction, development, and a well stabilization period, 
the sampling plan will be instituted.  Groundwater samples will be collected from 
each of the monitoring wells.  The proposed frequency of sampling will include one 
sample to be collected from each monitoring well prior to the Cell receiving waste and 
three additional samples within six months of issuance of the Permit To Operate as 
required by Rule .1633(b).  These samples will comprise the baseline sampling for 
statistical analysis.  Groundwater samples from each of the monitoring wells will be 
sampled on a semi-annual basis, along with the existing wells and surface water 
sample locations. 

Static Water Level Measurements 
Static water level elevations will be measured prior to any purging or sampling 
activities.  Static water level data will be used to monitor changes in site 
hydrogeologic conditions.  Depth to water surface in the well from the TOC 
measuring point (to the nearest 0.01 foot) will be recorded in a field book prior to 
sample collection.  

An electronic water level indicator will be used to accurately measure water 
elevations to within 0.01 foot within the same day in as short a period of time as 
possible.  Each well will have a permanent, easily identified reference point from 
which all water level measurements will be taken.  The reference point will be marked 
and the elevation surveyed by a North Carolina Registered Land Surveyor.  
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Detection of Immiscible Layers 
USEPA's Technical Manual for Solid Waste Disposal Facility Criteria outlines 
specifications for groundwater sampling and analysis.  One of these specifications 
outlines the establishment of provisions for detecting immiscible fluids, if applicable.  
Typically, immiscible fluids are categorized as either, (1) light, non-aqueous phase 
liquids (L-NAPLs), or (2) dense, non-aqueous phase liquids (D-NAPLs).  L-NAPLs are 
more commonly referred to as "floaters" due to their relatively lighter specific gravity, 
while D-NAPLs are typically referred to as "sinkers" due to their relatively denser 
specific gravity.  

In most instances, the probability of immiscible fluids being present and subsequently 
detected in groundwater monitoring wells surrounding sanitary landfills is somewhat 
remote because chemical products (such as industrial solvents) are not accepted for 
storage or disposal at Subtitle D solid waste management facilities.  However, for 
those rare instances where a separate immiscible phase is believed to be present, EPA 
suggests that provisions for detecting these types of fluids should be developed. 

The following procedure is proposed to address these concerns in the event that the 
SWS ever requires this test to be performed.  In those instances where the monitoring 
well's screened interval encompasses the water table surface, the ability to detect and 
sample light nonaqueous phase liquids (LNAPLs) prior to implementation of routine 
groundwater sampling activities may exist.  To accomplish this objective, a 
transparent teflon bailer will be lowered into the well to just below the water table 
surface.  The bailer will then be removed from the well and the contents examined to 
identify if any immiscible fluids are present.  If any immiscible fluids are determined 
to be potentially present, an interface probe is proposed to be used.  The depth of the 
light phase immiscible layer, as determined by the interface probe, will then be 
recorded in a field logbook.  The interface probe will continue to be lowered until it 
intersects the groundwater table surface.  The depth of the organic/water interface 
zone also will be recorded.  From these two measurements, the thickness of the light 
phase immiscible layer can be readily determined.   

The potential presence of dense phase immiscible layer will be determined by the 
examination of laboratory analytical results.  Analytical results above a percentage of 
a given chemicals solubility limit can indicate the potential presence of DNAPLs. 

As mentioned above, monitoring for immsicible phase fluids is not envisioned to be 
performed during typical sampling events, but is provided here to document how the 
test will be performed if the SWS requires it at a future date. 

Monitoring Well Evacuation 
Following measurement of the static water level in all of the wells, individual wells 
will be purged of all stagnant water.  The stagnant water, which is not representative 
of true aquifer conditions, will be removed to ensure that fresh formation water can 
be sampled.  A minimum of three well casing volumes will be removed prior to 
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sampling the well.  The well volume for 2-inch diameter wells will be calculated using 
the following equation: one well volume in gallons equals the height of the water 
column (in feet) times 0.1632 (slightly less than 0.5 gallons per foot water for 3 casing 
volumes).  Because aquifer formations onsite are relatively low-yield, the well will be 
purged in such a way that water is removed from the bottom of the screened interval.  
During the well purging process, field measurements (pH, temperature, and specific 
conductance) will be collected at regular intervals, and reported in a tabular format.   
The well will be purged until field measurements stabilize within approximately 10 
percent between subsequent readings or until the well is dry.  Stabilization of these 
measurements will indicate that fresh formation water is present in the well.  Field 
measurements of pH, temperature, and conductivity, will be obtained by using a YSI 
556 Multiparameter Water Quality Meter or equivalent.   

If the well is purged to dryness, the samples will be collected after a sufficient volume 
of water has entered the well to allow collection of the sample.  Wells will be purged 
using a decontaminated teflon bailer with new nylon rope or an acceptable pumping 
device approved by the SWS.  Teflon bailers will be certified as being 
decontaiminated.  Field measurements collected during purging activities will be 
recorded in the field logbook.  

Sample Collection 
After purging activities are complete, groundwater samples will be collected for 
laboratory analysis.  The wells will be sampled using laboratory decontaminated 
teflon bailers equipped with new nylon rope.  Bailers will be used for one well only.  
Field decontamination of bailers will not be permitted.  If disposable bailers are used, 
they will be constructed of teflon and certification of decontamination will be 
provided.  Disposable bailers will only be used if laboratory decontaminated standard 
teflon bailers or dedicated sampling systems are not available.  The bailers will be 
lowered slowly into the well to minimize sample agitation. Sample water will be 
placed directly into sample bottles provided by the analytical laboratory, using the 
following method: 

1. Retrieve bailer and slowly transfer sample water to the appropriate sample 
container.  The bailer should not be allowed to touch the sample container. 

2. The sample container for the volatile organic compounds should be filled first, 
leaving no headspace or air bubbles.  The container should then be tightly sealed.  
The sample container will come with preservative already added by the 
laboratory. 

3. The sample container for the metals should then be filled.  This container will also 
come with preservative added by the laboratory.  This container should be filled 
to the bottle shoulder. 
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Surface water samples will be obtained from areas of minimal turbulence and 
aeration.  The following procedure will be implemented regarding sampling of 
surface waters: 

1. Hold the bottle near the bottom with one hand, and with the other, remove the 
cap. 

2. Push the sample container slowly into the water and tilt up towards the current to 
fill.  A depth of about six inches is satisfactory.  Avoid breaching the surface while 
filling the container. 

3. The container should be moved slowly, in a lateral direction, if there is little 
current movement. 

4. If the stream depths are too shallow to allow submersion of the sample container, 
a pool may be scooped out of the channel bottom and allowed to clear prior to 
sampling. 

5. Lift the container from the water and place the uncontaminated cap on the 
container. 

The individual water samples will be collected and bottled in the order of parameter 
volatility.  The collection order for the samples will be as follows: 

 Volatile organic compounds (VOCs) 

 Total metals. 

The samples will be transferred from the sampling equipment directly into a prepared 
sample container provided by the laboratory.  Field filtering of samples is not 
permitted.  There will be a specific size and type of container provided for each 
constituent to be analyzed.  For VOC analysis, the containers provided will be 40-ml 
glass vials.  For metals analysis, the samples will be collected in 0.5-liter HDPE bottles.  
Extra containers will be provided in case of accidental breakage.  All field personnel 
will wear protective latex disposable gloves in order to prevent extrinsic 
contamination from clothing, body oils, dirt, and other various contaminants.  Sample 
documentation requirements to ensure sample integrity, will included sample 
locations, date and time of sample collection, proper analysis, and preservative (if 
applicable). 

Decontamination Procedures 
All sampling and purging equipment that will come in contact with the well casing 
and water will be decontaminated per specifications in the North Carolina Water 
Quality Guidance Document for Solid Waste Facilities.  All sampling equipment will 
be laboratory cleaned.  The following decontamination procedures will be used for 
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teflon sampling equipment as outlined in the North Carolina Water Quality 
Monitoring Guidance Document for Solid Waste Facilities: 

1. Clean item with tap water and phosphate-free laboratory detergent (Liquinox or 
equivalent), using a brush if necessary to remove particulate matter and surface  
films. 

2. Rinse thoroughly with tap water 

3. Rinse with 10% nitric or 10% hydrochloric acid. 

4. Rinse thoroughly with deionized or distilled water and allow to air dry 

5. Rinse thoroughly with high grade isopropanol and allow to air dry 

6. Rinse with deionized or distilled water and allow to air dry 

7. Wrap with aluminum foil, if necessary, to prevent contamination of equipment 
during storage or transport. 

4.3 Sample Preservation and Shipment 
 In order to ensure sample integrity, preservation and shipment procedures will be 
carefully monitored.  Generally, ice and chemical additives will be used as sample 
preservatives, as recommended by the commercial laboratory.  For VOC analysis, 
hydrochloric acid will be used as the preservation method as well as maintaining the 
samples at a temperature of 4°C.  Nitric acid will be used as the preservative for 
samples needing metals analysis.  If the analytical laboratory is located some distance 
from the site, samples shall be shipped via a 24-hour delivery service to ensure 
holding times are not exceeded.  Shipment of samples will be coordinated with the 
laboratory.   

Proper storage and transport conditions must be maintained in order to preserve the 
integrity of the sample.  Once taken, samples will be placed on ice and cooled to a 
temperature of 4°C.  Samples are to be packed in iced coolers so as to inhibit breakage 
or accidental spills.  Custody seals will be placed on the outside of the cooler, in a 
manner to detect tampering of the samples.  The laboratory shall immediately notify 
the owner/operator of any samples that arrive with custody seals broken. 

4.4 Analytical Procedures 
The samples taken from each well and from the surface water sampling locations will 
be analyzed for the constituents listed in 40 CFR Part 258, Appendix 1.  The analytical 
procedures for the indicated parameters will be conducted using the following 
methods: 

Analysis   EPA Method Number 
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Volatile organic compounds 8260 

Total metals   In accordance with SWS policy at the time of sampling. 

4.5 Chain-of-Custody 
It is imperative that an accurate record of sample collection, transport, analysis, and 
disposal be maintained and documented.  Therefore, chain-of-custody procedures 
will be instituted and followed throughout the sampling program.  It is necessary to 
establish documentation to trace sample possession from the time of collection until 
disposal.  The chain-of-custody program shall include the following requirements: 

 Samples shall be accompanied by a chain-of-custody record that notes the date and 
time of collection as well as sampling personnel. 

 All samples shall be properly labeled to prevent misidentification of samples. 

 Field notes shall be included to provide pertinent information about each sample. 

 A sample analysis sheet shall accompany all samples to the laboratory. 

 Sample custody seals shall be used to indicate any tampering of samples. 

 All records pertaining to the shipment of a sample shall be retained (freight bills, 
post office receipts, and bills of lading). 

The laboratory shall not accept samples for analysis without a correctly prepared 
chain-of-custody form.  The laboratory shall be responsible for maintaining chain-of-
custody of the sample(s) from time of receipt to disposal.  The chain-of-custody form 
shall be signed by each individual who possesses the samples. 

To prevent sample misidentification, a label will be affixed to each sample container 
in a manner as to prevent the label from becoming dislodged during transport which 
will contain the following information: 

 Sample identification number 

 Name and signature of sample collector 

 Date and time of collection 

 Place of collection 

 Parameters requested 

 Type of preservative. 
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In addition the container itself should be labeled with the sample identification 
number (at a minimum) to allow for identification should the label fall off. 

4.6 Quality Assurance/Quality Control 
The reliability and validity of the field and analytical laboratory data will be 
monitored as part of the QA/QC program used in the laboratory.  Field duplicates 
and sample blanks will be collected to check sampling protocol and to account for any 
changes that occur after sampling.  The QA/QC program will stipulate the use of 
standards, laboratory blanks, and duplicates for identification of matrix interferences. 

Field Duplicates 
Field duplicates provide a measure of field and laboratory precision.  Field duplicates 
will be collected from identical locations using proper sampling procedures.  The 
duplicate samples will be collected at a frequency of one per day per sampling event. 

Equipment Rinsate Blanks 
To evaluate the effectiveness of the decontamination procedures, equipment rinsate 
blanks will be collected.  The sample will be collected by passing distilled water 
through the sampling equipment after decontamination has been completed.  
Equipment blanks will be collected at a minimum of one per day of groundwater 
sampling activities. 

Trip/Travel Blanks 
A trip/ travel blank shall be prepared to account for any sample contamination that 
may occur during transport to and from the site.  The sample will be prepared in the 
laboratory with deionized or distilled water and shall accompany the sample 
shipping container to the field.  The trip/travel blank shall remain unopened until 
receipt by the lab for analysis.  One trip blank per sampling event will be collected. 



A  5-1 

P:\Buncombe - 6447\42739 Cell 6 Bidding\wqmp\Section 5.doc 

Section 5 
Statistical Evaluation 
The North Carolina SWS requires that the owner or operator of a landfill specify a 
statistical method outlined in .1632(g) to evaluate groundwater monitoring data.  The 
goal of the statistical analysis is to determine whether statistically significant evidence 
of contamination exists and to identify the point of contamination.  The North 
Carolina Solid Waste Management Rules provide several methods for statistical 
analysis of groundwater data.  These methods are: 

1. Parametric analysis of variance (ANOVA), 

2. Rank based (non-parametric) ANOVA with multiple comparisons, 

3. Tolerance prediction interval, 

4. Control chart, 

5. An alternative statistical test method that meets the performance standards of 
Rule .1632(g). 

Statistical evaluation of monitoring data will be performed for the duration of the 
monitoring program, including the post-closure care period.  This section proposes a 
valid statistical approach to meet the SWS requirements.  The choice of an appropriate 
statistical test depends on the type of monitoring, the nature of the data, and the 
proportion of values in the data set that are below detection limits.  The statistical 
analysis will be conducted separately for each constituent in each well.  The statistical 
method is based on the EPA's Statistical Analysis of Groundwater Monitoring Data at 
RCRA Facilities, Interim Final Guidance Document (1989). 

5.1 Method of Analysis 
The statistical evaluation of the groundwater analytical data will involve comparisons 
of analytical data obtained from the background (upgradient) wells and analytical 
data obtained from the compliance (downgradient) wells.  The EPA recommends the 
Analysis of Variance (ANOVA) method for statistical evaluation when the amount of 
analytical data is limited.  Since the Buncombe County Landfill Cell 6 is new, the 
ANOVA method will compensate for the limited availability of data.  As more data 
becomes available, a tolerance interval approach may be used for the compliance 
wells.  If at any time during monitoring activities, more than 50 percent of the data 
values are below the detection limit, comparison analysis will be conducted using a 
test of proportions.  

5.2 Background Well to Compliance Well Comparisons 
For this monitoring plan, the relevant data comparison will be between background 
well data (MW-1s/1d) and compliance well data (MW-13s/13d).  The data from the 
compliance wells will be statistically analyzed against the background well to 
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determine any statistical evidence of exceedances of the groundwater standards.  In 
some instances, an intra-well comparison may be used. 

Since the ANOVA method has been chosen for the initial statistical data analysis, the 
assumption of equal variance and normality within the data must be confirmed.  
Normality of the concentration data will be checked by calculating the coefficient of 
variation of the data.  Bartlett's test will be used to determine the variance equality.  
Data sets that do not follow a normal distribution will be transformed to a log normal 
distribution.   

Once more data becomes available, a tolerance level approach may be used.  The 
tolerance level method uses background well data to define tolerance limits for 
comparison with compliance well data. 

5.3 Analysis of Variance 
The methods by which contaminants travel in groundwater allow for the assumption 
the concentration levels in individual wells will not change equally.  Contamination 
from a landfill can be compared as differences in average concentration at each well.  
These differences can be accurately detected by the ANOVA method.  For the 
parametric one-way analysis of variance to yield reliable results, a minimum number 
of observations are required.  It is recommended that data sets from at least two or 
more wells be used in the comparisons.  It is also required that each well have a 
minimum of three data sets.  The Cell 6 monitor wells will be sampled once prior to 
the facility receiving wastes and three additional times within six months of receiving 
the Permit To Operate to achieve the required number of data sets and to account for 
seasonal variations of groundwater chemistry.  The analysis will be performed for a 5 
percent significance level. 

5.4 Tolerance Intervals 
The tolerance interval will be developed based on background well data.  The 
compliance well data will be compared to the tolerance interval.  Compliance well 
data that fails to fall within the tolerance interval indicates statistically significant 
evidence of contamination.  A sample size of eight or more results will be used to 
define the tolerance interval.  Tolerance levels will be developed assuming that the 
data or the transformed data are normally distributed.  The tolerance interval will 
include a coverage percentage of 95.  A confidence level of 95 percent will also be 
used during the tolerance level analysis. 

5.5 Results/Reporting Requirements 
In accordance with Rule .1632(j), within 14 days of completing the statistical analysis 
for the analytical data from groundwater samples, a report shall be submitted to the 
SWS which includes the following information: 

 Field observations related to the condition of the monitoring wells 
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 Field data, 

 Laboratory data, 

 Statistical analysis, 

 Sampling methodologies, 

 Quality assurance/quality control data, 

 Information on groundwater flow, 

 Wells with constituents exceeding groundwater standards or show a statistically 
significant increase over background, 

 Other pertinent information. 

5.6 Detection of Elevated Constituent Levels 
If upon completion of sampling and statistical analysis, Buncombe County determines 
that a statistically significant increase over background for one or more of the metals 
listed in Appendix 1 exists, or, if concentrations are elevated above the maximum 
concentration level (MCL) or practical quantification limit (PQL) for any volatile 
organic compound (VOC) listed in Appendix 1 at any monitoring well or surface 
water sample at the site's boundary, then: 

(1) The county will notify the SWS within 14 days of this finding,  

(2) Place a notice in the operating record within 14 days of this finding indicating 
which constituent(s) have demonstrated a statistically significant change from 
background,  

(3) Resample the monitoring well(s) in question within 30 days of this finding for 
Appendix 1 constituents to determine the validity of the data; and  

(4) An assessment monitoring program shall be establish within 90 days of 
determination of a statistical increase or exceedance of the NC Groundwater 
Standards. 

(5) Demonstrate successfully to the SWS (through certification by a qualified 
groundwater scientist) that a source other than the MSWLF unit caused the 
contamination, or that the statistically significant increase resulted from error 
in sampling, analysis, statistical evaluation or natural variation in 
groundwater quality. 

The actions outlined above are proposed to be implemented if contaminants are 
detected.  Final actions will be mandated by direction of the North Carolina SWS. 
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Section 1 
Closure Plan 
 
Rule .1617 (a)(1)(E) of the North Carolina Solid Waste Regulation Section 15A NCAC 
13B .1600, requires municipal solid waste landfill (MSWLF) owners/operators to 
prepare a closure plan that describes the steps necessary to partially close a MSWLF at 
any point during its active life as well as the steps necessary to facilitate final closure.  
Partial closure refers to the closure of a landfill phase, while final closure is the closure 
of an entire landfill.  In providing this information, the closure plan will assist the 
County towards achieving the goals of closure implementation, which are: to prevent 
exposure of the disposed solid waste, minimize leachate generation, and control 
landfill gas in order to protect public health and the environment.  Specifically, this 
closure plan establishes: design criteria for the closure cap system and the landfill gas 
collection system, a closure sequence and construction schedule, construction cost 
estimates, and other important information relating to closure. 

1.1 Final Cover System 
The final cover system has been designed to minimize the amount of storm water 
infiltration into the landfill and to resist erosive forces.  The final cover system 
consists of an erosion layer, protective soil layer, drainage layer, barrier layer, and gas 
venting layer (if determined necessary).  The multi-layered cap system will provide a 
permeability less than or equal to the bottom liner system of the landfill. 

The cap system will consist of the following layers (listed from top to bottom): 

  A six-inch Erosion (Vegetative Soil) Layer consisting of soil capable of supporting 
native plant growth; 

 An 18-inch Protective Soil Layer to prevent damage due to freezing or puncture to 
the Drainage and Barrier Layers; 

 A Drainage Layer consisting of a geocomposite.  The geocomposite is designed to 
horizontally drain storm water that has percolated through the Erosion and 
Protective Soil Layers in order to prevent the build-up of water over the Barrier 
Layer (thus minimizing infiltration); 

 A Barrier Layer consisting of a geomembrane; and 

 A Gas Venting Layer (if determined necessary), placed over a compacted soil 
subgrade.   

Due to the highly elastic nature of the geomembrane, the final cover system will 
accommodate the differential settlement during the post-closure period.  The post-
settlement grades of the top surface slopes will not be less than 5 percent (to prevent 
ponding) and the side slopes will not exceed 25 percent (to prevent erosion).  Figure 
No. 1-1 provides a section detail of the proposed final cover system. 
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1.2 Landfill Gas Collection System 
The placement of an impervious final cover system will prevent the release of landfill 
gas generated during the post-use period.  To prevent uplift of the closure cap, 
horizontal gas collection trenches and vertical gas wells will be used.  In addition, if 
determined necessary during closure design, a gas venting layer may be added below 
the closure cap geomembrane.  

The horizontal gas collection trenches consist of perforated plastic pipe surrounded 
by a clean gravel backfill.  Near the surface of the closure cap, a bentonite seal and 
synthetic boot will be installed around the pipe to prevent storm water infiltration.  
The length of the trenches will vary from elevation to elevation with the longest 
trenches positioned near the bottom of the landfill.  Figure No. 1-2 provides a section 
detail of the horizontal collection trench design.  Generally, the spacing between 
trenches will be 100-feet horizontal and 30-feet vertical. 

As with the horizontal gas collection trenches, a bentonite seal and synthetic boot will 
be installed around the vertical gas well to prevent storm water infiltration.  The 
depth of the vertical gas wells will extend from final grade to within 15 feet of the 
bottom liner.  Figure No. 1-3 provides a section detail of the proposed vertical gas 
well design.  The exact location of the vertical gas wells will be determined at the time 
of closure.  Generally, one vertical well per acre is anticipated to be installed. 

Also, negative pressure will be induced in the leachate collection system to eliminate 
formation of deep gas pockets.  The horizontal gas collection trenches, vertical gas 
wells, and the leachate collection system will be connected to a gas header that will be 
installed along the perimeter of the landfill.   

1.3 Estimate of Largest Closure 
The construction of the landfill will occur in 6 phases, with each phase providing 
approximately 5 years of capacity.  Phases I and II (Cells 1 through 5) are a total of 33 
acres, whereas Phase III (Cell 6) is approximately 23 acres.  Thusly, Phases I through 
III would be the largest closure to date, covering an area of approximately 56 acres. 

1.4 Estimate of Maximum Inventory of Waste On-Site 
The maximum amount of waste that is expected to be landfilled at the Buncombe 
County Subtitle D Landfill through final build-out was calculated using the 
Earthworks Module of Softdesk.  The total gross airspace available between the top of 
base liner protective cover to proposed top of final cover is approximately 9,585,415 
cubic yards.  Deducting the volume of the final cover system (316,213 cy), the 
maximum available net airspace for waste and intermediate and daily cover to be 
landfilled is projected to be 9,269,201 cubic yards. 
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1.5 Landfill Closure Sequence 

The development of the landfill will be integrated so that one phase will be in 
operation while another phase is being constructed.  Additionally, closure activities 
may be initiated in phases.  Although not mandatory, the County may elect to 
complete a partial closure for an area or may complete a final closure at the end of 
operations.  The steps for implementing the closure process are described in the 
following subsections.  The steps are the same for partial closure and final closure. 

1.5.1 Determination of Closure Area 
The County will determine the location and acreage of areas to be closed.  Closure 
procedures should not be instituted until an adequate area (approximately 10 acres or 
more) of the landfill has reached final grade.  An estimate of landfill area that has 
reached final grade should be determined periodically by the surveyor for the site 
during the active life of the facility.   

1.5.2 Notification of Intent to Close 
Once the County has determined that an area will be closed, a Notice of Intent to 
Close must be placed in the operating record and the Solid Waste Section (SWS) must 
be notified of the action, including location, acreage, and scheduling of the closure 
activities.  The final cover design, area to be closed, and scheduling of closure 
activities presented in this Permit Application shall be reviewed and updated as 
necessary. 

1.5.3 Develop Closure Schedule 
The County will prepare a schedule for bidding and construction of the closure 
activities.  Closure activities must be completed within 180 days of beginning closure 
activities unless the County gains approval from the SWS by demonstrating that the 
construction period, by necessity, will require an extended schedule and that 
measures to protect human health and the environment have been implemented in 
the interim. 

1.5.4 Prepare Construction Contract Documents 
For the purpose of bidding, construction documents will be prepared for the area to 
be closed.  The bidding documents will allow contractors to estimate the quantity of 
materials needed to properly implement the closure plan, as well as estimating the 
construction costs. 

1.5.5 Develop Closure Schedule 
Once the SWS has reviewed and commented on the closure schedule, the County will 
prepare a final schedule for bidding and construction of the closure activities. 

1.5.6 Selecting a General Contractor 
After receiving sealed bids, a contractor will be awarded the job of constructing the 
final cover according to the approved closure plan.  The contractor will be required to 
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complete all closure activities within 180 days of beginning such activities, or as 
otherwise approved by the SWS. 

1.5.7 Securing Borrow Material for Landfill Cover 
The material to be used for construction of the closure cap system will be obtained 
from on-site sources.  Once usable on-site material has been exhausted, borrow 
material will be obtained from off-site sources.   

1.5.8 Certification of Closure Construction 
The project engineer shall provide certification at the completion of construction to 
verify that closure has been completed in accordance with the closure CQA plan.  The 
County shall place the certification in the operating record and forward a copy of the 
certification to the SWS. 

1.5.9 Record Notation to Deed 
After final closure of the property, a notation will be placed on the deed to the 
property stating that the property was used as a landfill facility, and its use is 
restricted under the closure plan approved by the SWS. 

 
CLOSURE SEQUENCE 

 
Activity 

 
Process Date 

Determination of Closure Area and 
Initiate Closure Process 

No later than 30 Days after the final 
receipt of waste 

Notification of Intent to Close Once an area has been determined 
to be closed 

Develop Closure Schedule for Closure 
Activities 

- 

Prepare Construction Contract 
Documents 

- 

Develop Closure Schedule Once the SWS has commented on 
the closure schedule 

Select a General Contractor After receiving sealed bids 
Closure Construction Closure activities must be 

completed within 180 Days of 
beginning closure activities or as 
otherwise approved 

Certification of Closure Construction At completion of construction 

Record Notation to Deed After final closure of property 
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1.6 Financial Assurance 
A detailed cost estimate based on current costs has been prepared for closure of the 
largest active area of the landfill facility at any time during the life of the facility and is 
provided in Table 1-1.  A copy of the cost estimate has been placed in the operating 
record.  The cost estimate will be annually adjusted to account for inflation and any 
changes in conditions at the facility or in the design.  If conditions call for a reduction 
in the amount to be financially assured, approval of the SWS must be obtained prior to 
officially reducing the amount. 



Quantity Unit Cost Total

Final Cover System (Phases I through III)
Grade Intermediate Cover 56 ac $2,000.00 $112,000 

Cap System Components:

       a. 6” Vegetative Layer 45,173 cy $15.50 $700,187 
       b. 18” Protective Cover 135,520 cy $15.50 $2,100,560 
       c. Drainage Net 271,040 sy $7.00 $1,897,280 
       d. 40-mil text. LLDPE Geomembrane 271,040 sy $6.00 $1,626,240 

Seeding, Fertilizing & Mulching 271,040 sy $0.45 $121,968 

Temporary Erosion Control 56 ac $1,000.00 $56,000 

Permanent Erosion Control
Diversion Berms/Downdrains 56 ac $30,000.00 $1,680,000 

Landfill Gas Management
Vertical Gas Wells (56 @ Avg. Depth of 75’) 4,200 vf $125.00 $525,000 
Horizontal Gas Collection Trenches 6 ea $50,000.00 $300,000 

Surveys 56 ac $500.00 $28,000 

Final Landscaping
Seeding, Fertilizing & Mulching 56 ac $3,000.00 $168,000 

Indemnification 1 ls $5,000.00 $5,000 

Subtotal $9,320,235 

Bonds and Mobilization/Demobilization (5% of 
Subtotal)

$466,012 

Engineering Services, CQA/CQC (12% of 
Subtotal)

$1,398,035 

Contingency (25% of Subtotal) $2,330,059 

TOTAL $13,514,340 

COST PER ACRE $241,328

 February 2011

Table 1-1

Buncombe County, North Carolina
Buncombe County Subtitle D Landfill

Closure Cost Estimate
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Section 2 
Post-Closure Plan 
 
Rule .1617(a)(1)(E), of the North Carolina Solid Waste Regulation Section 15A NCAC 
13B .1600, requires owners/operators of municipal solid waste landfill (MSWLF) units 
to prepare a post-closure plan.  The purpose of the plan is to provide the necessary 
information for preserving the integrity of the landfill facility in its post-closure life.  
This post-closure plan specifically addresses maintenance activities for the closure 
cap, landfill gas control system, leachate collection system, groundwater monitoring 
wells, and erosion and sedimentation control system.  This plan also addresses 
certification and financial assurance requirements. 

Post-closure care will begin immediately following final closure of the landfill.   Post-
closure care may be decreased from the minimum time period of 30 years specified in 
the regulations if the County can demonstrate that the reduced period will pose no 
threat to human health or the environment.  However, the Solid Waste Section (SWS) 
reserves the right to increase the post-closure care period if it is deemed necessary to 
protect human health and the environment. 

2.1 Maintenance and Monitoring Activities 
Post-closure maintenance and monitoring activities for the Subtitle D Landfill will 
include the activities discussed in the following sections. 

2.1.1 Final Cover System 
Inspection of the final cover system will take place quarterly and encompass the entire 
landfill.  Items of concern to be noted by the inspector include but are not limited to: 
signs of erosion (ruts, sediment deposits, etc.), patches of stressed or dead vegetation, 
animal burrows, recessed areas or ponding, upheaving, leachate seepage stains 
and/or flowing leachate, cracks in the cap, damaged gas vents and tree saplings 
(especially species with tap roots).  Following each inspection, a summary report of 
the condition of the cover and the items of concern should be recorded in the post-
closure log book of the facility.  Areas that require further attention should be 
photographed and delineated on a map of the facility.  These items should also be 
entered in the log book.  Since post-closure inspection personnel will most likely 
change during the post-closure period, the post-closure log book should be kept in a 
standardized format that allows for new inspection personnel to easily review the 
results of past post-closure inspections of the site.   

Action should be taken immediately to address any items of concern identified during 
the inspection.  Obvious repair items should be performed under the supervision of 
the post-closure maintenance manager.  If an item of concern requires further study to 
determine a course of action, the engineer responsible for closure design should be 
contacted for consultation.   
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As part of general maintenance, the vegetative cover should be mowed at least twice a 
year to suppress weed and brush growth.  If vegetative cover is not adequate in any 
particular area, soil amendments should be applied as necessary and the area re-
seeded in order to re-establish vegetation.  Insecticides may be used to eliminate 
insect populations that are detrimental to the vegetation.  Animal burrows and 
eroded or depressed areas should be filled in with compacted soil and reseeded. 

2.1.2 Leachate Collection System 
Inspection of the accessible items of the leachate collection system (ie. clean-outs, 
pond, and pump stations) will be made on a quarterly basis.  Inspection of the 
collection lines will be performed concurrent with the annual cleaning service.  As 
part of the quarterly inspection the leachate holding pond will be inspected for 
damage to the liner system.  Depending on seasonal conditions, the pond may be 
drained so that a thorough inspection may be made (a complete inspection should be 
made at least once a year).  The inspector should survey the pond for items of damage 
such as tears in the protective layer and/or liner, heaving, and exposed liner in the 
anchor trench.  The outside slope of the pond should be inspected for leachate 
seepage.  Signs of leachate seepage may include damage to vegetation, staining of the 
soil and vegetation, or actual leachate flow.  

The pump stations and flow meter vault should be inspected quarterly by a qualified 
inspector who is knowledgeable in the construction and operation of pump stations 
and flow meters.  The inspector should manually operate each pump to ensure that 
they are working properly.  The high and low level alarms should be checked at this 
time, and the overall condition of the wiring and support structures should be 
inspected also.  The flow meter calibration shall be checked (and scheduled for 
recalibration as required) quarterly and flow meter records shall be monitored and 
placed in the post-closure log book.  The pump control panel shall be fully inspected 
at the same time, to ensure proper alarm operations, reset functions, and normal 
operations performance.  Run time readings shall be recorded for each pump.  A 
summary report of the condition of the leachate pond, pump station and metering 
facilities should be recorded in the post-closure log book along with photographs of 
any items of concern.  

The clean-outs should be inspected for damage on a quarterly basis.  The protruding 
portion of each clean-out should be checked for damage and the cap should be 
checked for proper operation. 

If problems with the leachate collection system are discovered, or abnormally high or 
low flows are recorded from the pump station, assessment and/or repairs should 
begin immediately.  

All piping of the leachate collection system will be pressure cleaned and flushed 
annually to remove the build-up of biological growth and sediments. 
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2.1.3 Groundwater Monitoring Wells 
Inspection of the ground water monitoring wells will take place semi-annually during 
sampling events.  The inspection will consist of verifying the condition of the 
monitoring wells to ensure that they are providing representative samples of the 
ground water.  The inspector should note the following: 

1) The total depth of the well should be recorded every time a water sample is 
collected or a water level reading is taken to check if sediment has accumulated at 
the bottom.  If sediment build-up has occurred, the sediment should be removed 
by pumping or bailing. 

2)  If turbid samples are collected from a well, redevelopment of the well will be 
necessary. 

3)  The above-ground protective casing should be inspected for damage.  The 
protective casing should be of good structural integrity and free of any cracks or 
corrosion.  The lockable cover and lock should also be checked at this time. 

4) The surface seals should be inspected for settling and cracking.  If the seal is 
damaged in any way, the seal should be replaced. 

5)  The well casing and cap should be inspected.  The casing and cap should be of 
good structural integrity and free of any cracks or corrosion.  Any debris should 
be removed from around the cap to prevent it from entering the well. 

The condition of the ground water monitoring system should be recorded in the post-
closure log book following each sampling event.  Monitoring of the groundwater 
wells shall be conducted as described in the groundwater monitoring plan.  

2.1.4 Landfill Gas Monitoring and Control System  
Inspection of the landfill gas monitoring and control system should take place at least 
quarterly.   The inspection should consist of verifying the condition and operation of 
the vents, collection well, and monitoring wells.  The full depth of all vents, collection 
wells, and monitoring wells should be checked for blockage that may be caused by 
settlement or cracks in the casing.  The summary of each inspection of the landfill gas 
monitoring and control system should be recorded in the post-closure log book along 
with photographs of any items of concern. 

Testing of the monitoring wells and on-site buildings shall be conducted as described 
in the monitoring plan provided in the Operation Plan.  

If any vents or wells are not properly working, they should be flushed and pressure 
cleaned.  If all attempts to repair a vent or well are unsuccessful, a replacement will be 
installed. 
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2.2 Erosion and Sedimentation Control System 
Inspection of the erosion and sedimentation control system should occur semi-
annually and after major storm events.  During each inspection, the elements of the 
system including ditches, pipes, ponds, and inlet/outlet structures should be checked 
for obstructions and damage.  The ditches should be inspected for obstructions, 
erosion of side slopes, loss of vegetative cover, shifting of riprap, excessive buildup of 
sediment, or any other item that may prevent the proper functioning of the ditch.  
Drainage piping should be checked for blockages and the inlets/outlets should be 
inspected for undercutting and rutting.  The sediment level in the detention ponds 
should be measured to determine if removal is required.  The condition of the 
riser/barrel should be checked to ensure that adequate gravel surrounds the riser and 
that the barrel is not filled with sediment.  The berms of each pond should be 
inspected for stability.  Following each inspection, a summary report should be 
entered in the post-closure log book along with photographs of any items of concern.  

Maintenance and/or repairs should be performed as prescribed by the inspectors 
review. 

2.3 Certification of Post-Closure 
Following completion of the post-closure care period, a certification verifying that 
post-closure care was performed in accordance with the post-closure plan and signed 
by a registered professional engineer will be made part of the operating record.  The 
County will notify the SWS that the certification has been placed in the operating 
record.  

2.4 Name of Individual Responsible for Post-Closure  
      Maintenance of the Site 
Mr. Jon Creighton of Buncombe County will be responsible for operations and 
maintenance of the site during the post-closure period.  Mr. Creighton can be reached 
at the following address: 

 Buncombe County 
Planning and Development 
46 Valley Street 
Asheville, NC 28801 
828-250-4830 

Mr. Creighton most likely will not be employed with Buncombe County throughout 
the entire 30 year post-closure period.  A new individual will be appointed at the time 
Mr. Creighton's employment with the County ends. 
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2.5 Planned Use of Landfill After Closure 
There are no planned uses for the landfill site after closure.  The property will remain 
County property, maintained by the County, with public access prohibited.  

2.6 Financial Assurance 
The County will submit a financial assurance package to SWS in accordance with the 
criteria set forth under Rule .1628.  A detailed cost estimate for post-closure care has 
been prepared and is provided herein (Table 2-1) and a copy has been placed in the 
operating record.  The cost estimate is based on 30 years of post-closure care.  Each 
year, the estimate will be adjusted for inflation and any changes to the activities of 
post-closure care. 

 



Quantity Unit Cost Total

Administration 30 yr $10,000 $300,000 

Monitoring
20 Groundwater Monitoring Wells Sampled and 
Analyzed Semi-Annually for 30 years 1200 events $1,000 $1,200,000 

1 Surface Water Locations Sampled and 
Analyzed Semi-Annually for 30 years 60 events $800 $48,000 

12 Landfill Gas Wells Sampled and Analyzed 
Quarterly for 30 years 1440 events $600 $864,000 

Maintenance
Fencing, Gates, Signs, etc. 30 yr $500 $15,000 
Access Roads 30 yr $2,000 $60,000 
Mowing 30 yr $4,000 $120,000 
Repair Sideslopes and Seeding 30 yr $5,000 $150,000 
Stormwater Structures 30 yr $5,000 $150,000 
Leachate Collection and Storage 30 yr $15,000 $450,000 
Final Cover System Maintenance 30 yr $30,000 $900,000 
Groundwater and Gas Monitoring Wells 30 yr $3,000 $90,000 
Leachate Pond Cleanout 30 yr $5,000 $150,000 

Leachate Closeout
Cleanout and Demo Leachate Pond 1 ls $300,000 $300,000 

Subtotal $4,797,000 

Contingency (25%) $1,199,250 

TOTAL $5,996,250 

ANNUAL COST $199,875

Table 2-1

Buncombe County, North Carolina
Buncombe County Subtitle D Landfill

Post Closure Cost Estimate

February 2011
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