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FACILITY PLAN 
Macon County MSW Landfill 

 
This Facility Plan has been prepared as required under Rule .1617 and in accordance with 
Rule .1619, of the North Carolina Solid Waste Management Rules (15A NCAC 13B). 
 
The Macon County Municipal Solid Waste (MSW) Landfill, permit no. 57-03, is located 
approximately one mile north of Franklin, North Carolina on Lakeside Drive (S.R. 1324).  
The landfill facility is generally bordered by Lake Emory/Little Tennessee River to the 
North and the West, Pannell Road (S.R. 1326) to the North, Emory Lake Road (S.R. 
1325) and U.S. 23/441 to the East, and the City of Franklin at Lakeside Drive to the 
South.  The landfill entrance is off of Lakeside Drive.  The landfill has been in operation 
since May 1992. Westinghouse Environmental performed the original Site Suitability 
Study dated January 1990.  McGill Associates worked with the County in 1997 to expand 
the Site Suitability Study area to include existing MSW Phase 2 and proposed MSW 
Phase 3 Cell 1.  Since the time of the last permit renewal in 2010, Macon County has 
purchased 2 additional tracts of land that adjoined the landfill property to the Northwest 
of proposed Phase 3 Cell 1, which will allow for the future expansion of additional Phase 
3 cells. The County is in the process of completing the Site Study Expansion for the 
additional area, which will be required for Phase 3 cells beyond proposed Phase 3 Cell 1. 
 
As part of the Permit to Construct MSW Phase 3 Cell 1, the County will expand the 
Facility Boundary as shown in the Permit to Construct drawings to include portions of 
the recently purchased properties.  The revised Facility Boundary totals approximately 
190 acres.  There are approximately 7.5 additional acres of County-owned property 
extending beyond the proposed Facility Boundary.  See the Permit to Construct 
Drawings, Sheet V-101 for a Plat of the proposed Facility Boundary.   
 
The total facility waste area includes approximately 19.7 acres of existing waste area 
(Phase 1/Phase 2) and 7.6 acres for proposed MSW Phase 3 Cell 1.  Future expansion 
into Phase 3 will include approximately 26.5 acres of additional landfill area, pending 
Site Study Approval. 
 
1.0 Waste Stream 
 
Macon County currently classifies their waste stream as residential or non-residential.  
Non-hazardous industrial sludge and sanitary sewage treatment sludge are currently 
accepted.  The Macon County MSW Landfill prohibits regulated hazardous waste, and 
hazardous liquid wastes.   
 
The service area for the Macon County MSW Landfill will include businesses and 
municipalities located within Macon County.  Waste from other counties will not be 
accepted at the facility.  The waste disposed at the Macon County MSW Landfill can be 
classified into two sectors, residential and non-residential. Past studies have shown that 
the residential waste compromises approximately 63% of the total waste stream while the 
non-residential waste compromises approximately 37% of the total waste stream.  The 
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Macon County MSW Landfill receives wastewater sludge from the Town of Franklin 
Wastewater Treatment Facility. 
 
The total waste disposed in existing MSW Phase 1/Phase 2 from May 1992 through April 
30, 2015 was approximately 650,534.44 tons. It is estimated that the existing Phase 
1/Phase 2 waste area can receive an additional 57,000 tons of waste prior to reaching 
final grades.  To determine the projected waste disposal rate for proposed Phase 3 Cell 1, 
the County utilized the waste disposal tonnage for the 12-month period ending April 30, 
2015, which was 29,974 tons, then added a 1.5% annual increase for the five-year 
permitting period.  This equates to an average rate of approximately 31,663 tons per year 
over the next five years, or approximately 158,000 tons for the five-year permitting 
period. 
 
The operating hours for the landfill are Monday through Friday 7:30 a.m. to 4:30 p.m. 
and 8:00 a.m. to 2:00 p.m. on Saturdays.  The landfill is closed on Sunday, Christmas 
Day, Thanksgiving Day, and any Federal Holiday that is on Tuesday through Thursday.   
 
Macon County currently operates a Waste Treatment and Processing Facility at the 
Macon County MSWLF at the former baler facility.  The County hauls MSW waste from 
the waste processing facility to the active landfill cell.  The County also has permitted a 
composting facility at the landfill; however, due to the lack of feedstock, does not 
conduct composting operations.  A recycling center is also operated at the MSWLF to 
process and bale recyclable materials before shipment to vendors for final processing.  
The County operates a yard waste facility to process untreated wood waste from land 
clearing.  The mulch produced from the yard waste facility is used as an Alternative 
Daily Cover for the MSW, and extra material is made available to the public.  
Construction and demolition waste is disposed in the MSWLF.   
 
Macon County uses the following equipment to operate and maintain the Landfill: one 
compactor, one wheel loader, one track loader, two dozers, one skid steer, two flatbed 
trucks, and two dump trucks.  This equipment should be sufficient for operating the 
landfill under its current waste stream. 
 
2.0 Landfill Capacity and Soil Resources 
 
The proposed Phase 3 Cell 1 landfill has approximately 450,000 cubic yards of net 
airspace available for the disposal of wastes, as measured from the top of the proposed 
stone drainage layer to the bottom of the proposed final or intermediate cap elevations 
shown on the Permit Drawings.  Utilizing the projected average waste disposal rate of 
31,663 tons/year and a 0.5 tons/cy waste compaction rate, Phase 3 Cell 1 has a theoretical 
lifetime capacity of approximately 7.1 years. However, due to the inefficiencies of 
operating a landfill cell to a sharp peak in the final cap grades as shown on the Permit to 
Construct Drawings, the County will work to bring Phase 3 Cell 2 online in 
approximately 5 years, so that a more cost efficient transition to the upper elevations of 
the Cell can be achieved with a minimal amount of temporary access road construction. 
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A change in either the waste disposal rate or the compaction rate will influence the actual 
lifespan of the Cell. 
 
Based on operational experience at the existing Phase 1/Phase 2 waste area, the County 
anticipates the need to use cover soils at the rate of approximately 30% of the total 
airspace of the Phase 3 Cell 1 volume.  This equates to the need for approximately 
135,500 cy of soil for daily cover for the life of Phase 3 Cell 1.  Construction of the base 
liner system will require approximately 18,500 cy of soil materials (assuming that 18 
inches of soil is used along with a GCL).  Additional soil requirements will include 12 
inches of soil for an intermediate cap over the entire cell and 42 inches of soil for the 
final cap.  Total intermediate cap soils = 12,500 cy.  Total final cap soils  = 43,500 cy.  
Total soil requirements for the life of Phase 3 Cell 1 is 210,000 cy.  The County will 
stockpile approximately 600,000 cy of soil on site during the construction of MSW Phase 
3 Cell 1, and will have access to additional soils available as Phase 3 Cell 2 is developed.    
 
Macon County would like to conduct waste filling operations in an uphill direction, and 
therefore will begin waste filling at the southern margin of the site, adjacent to the sump 
area.  However, the County will still maintain a stormwater pumping area on top of the 
stormwater cover above the leachate sump for as long as possible.  Waste fill operations 
will continue up the hill on the eastern side of the cell.  Waste fill operations for the five-
year permitting period are shown on Sheets C-108 through C-112 of the Permit 
Drawings. 
 
The following is a breakdown of the construction, airspace, and closure quantities.   
 
Phase 3 Cell 1 Development, Operation, and Closure – 7.6 Acres:  
 
Airspace Summary: 
Airspace available for the disposal of waste,  
as measured from the top of the stone drainage layer 
to the bottom of either the intermediate or final cap grades 
utilizing ACAD Civil 3D Software  450,000 cy  
 
Lifetime Estimate: 
Estimated lifetime of cell based on 
31,663 tons/yr and 0.5 tons/cy compaction:  7.1 years* 
*note: estimate is to bottom of cap grades noted on Permit Drawings, 
  which are not feasible to obtain efficiently.  Additional  
  landfill airspace will be required in approximately 5 years. 
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Soils Required: 
Base liner construction – 18-inch clay liner:                    18,500 cy 
Cover soils at 30% of airspace volume (life of cell):     135,500 cy 
Closure: 
 12-inch intermediate cover:                                   12,500 cy 
 18-clay liner:                                                          18,500 cy 
 24-inch vegetative layer:                                        25,000 cy 
                                Total Soils for Life of Cell:   210,000 cy   
 
Soils Available: 
Soils stockpiled at the completion of  
Phase 3 Cell 1 base liner development:                             600,000 cy 
       
Future Phase 3 Development  –  ±26.5 Acres (Pending Site Study Approval) 
 
Future Phase 3 Expansion will progress as existing landfill cells reach operational 
capacity, typically in approximately 5 years after coming online.  Pending Site Study 
Approval, there is approximately an additional 26.5 acres beyond Phase 3 Cell 1 that 
could potentially be developed as landfill airspace.  There are streams and wetlands on 
site and the County will work with the U.S. Army Corps of Engineers and the NCDENR 
– Division of Water Resources in order to obtain the proper permits for future 
stream/wetlands impacts. Additional Design Hydro investigation will be required as well.  
Future waste disposal rates will have a great impact on the strategies that the County 
employs in determining the size and timing for the development of any new landfill cell.  
Waste compaction rates in the future will impact the lifetime of any available airspace.  
The following is a summary of potential future landfill airspace, based on 3:1 final cap 
slopes: 
 
Future Landfill Cells Summary 
 
Landfill Area and Airspace 
             Footprint Available Airspace* 
Phase 3 Cell 2:                                  3.9 Acres         500,000 cy 
Phase 3 Cells 3 & 4 (built in one or two cells):                8.9 Acres      1,000,000 cy  
Phase 3 Cells 5 & 6 (built in two or three cells):            13.7 Acres      1,650,000 cy  
Total Landfill Area & Airspace beyond Phase 3 Cell 1: 26.5 Acres      3,150,000 cy 
*approximate only, includes overlaying existing landfill cells 
  
Lifetime Estimate 
Lifetime estimate for Phase 3, all cells (including Cell 1), 3,600,000 cy of airspace 
available for the disposal of waste: 
 -Low assumption: 2.0% annual waste increase  
   at 0.5 tons/cy compaction rate:  ±40 years 
 -High assumption: 1.5% annual waste increase 
   at 0.58 tons/cy compaction rate:  ±60 years 
Soils Estimate 
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Available soils after base liner development  
for all Phase 3 cells (including Cell 1)*:   1,300,000 cy 
 
Total required soils for construction, operation, and   
closure for all Phase 3 cells (including Cell 1):  1,500,000 cy 
 
*Significant additional onsite soils are available in buffer areas throughout the site 
beyond what has currently been graded that could easily make up the 200,000 cy soil 
deficit shown.  The County will have 40-60 years to address this problem. 
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3.0 Environmental Control System 
 
The major components of the Environmental Control System are a composite clay liner 
constructed of a 24-inch, low-permeability clay layer with a permeability not greater than 
1 x 10-7 cm/sec, and overlain by a 60-mil HDPE liner OR an 18-inch, low-permeability 
clay layer with a permeability not greater than 1 x 10-5 cm/sec overlain with 
Geocomposite Clay Liner with a demonstrated permeability not greater than 1 x 10-9 
cm/sec, and overlain by a 60-mil HDPE liner.  Once a protective 16-ounce geotextile is 
placed on the HDPE liner, a two (2)-foot stone drainage layer including leachate 
collection pipes is placed on top of the composite liner system. The composite liner 
provides a redundant system for assuring that leachate is contained within the cell and 
does not affect local hydrogeology.  The high permeability of the drainage layer assures 
quick and efficient removal of leachate from the cell floor to the sump areas at the 
southern margin of the cell, therefore further reducing leak potential.  Once leachate 
reaches the sump area, it is pumped to the leachate surface impoundment through a dual-
contained leachate force main.  Leachate pumps located in the sump area are activated by 
head heights to assure that leachate head levels on the primary liner do not exceed 12-
inches during normal operating conditions.  The leachate sump will be double-lined with 
an additional 60-mil HDPE geomembrane overlain a second 60-mil HDPE 
geomembrane.  Disposal of leachate from the leachate storage pond is discussed in the 
Engineering Plan.   
 
4.0 Leachate Management 
 
4.1  Design Concepts 
 
The Phase 3 Cell 1 leachate collection system was designed to remove leachate from the 
lined waste area at a rate so as not to allow more than one (1) foot depth of leachate on 
the composite liner during normal operating conditions.  This is achieved by using a high 
permeability drainage layer, appropriately spaced perforated leachate collection pipes, 
double lined leachate sump, and appropriately sized leachate pump stations. 
 
4.2 Leachate Generation 
 
The amount of leachate estimated to be generated by Phase 3 Cell 1 was analyzed using 
the HELP model and historical data from Phase 2 Cell 1.  Phase 3 Cell 1 was analyzed 
for three different cross sections using the HELP model.  The cross sections varied from 
the first, which analyzed the landfill in a worst case scenario of leachate production with 
the entire 7.6 acres active with 10 feet of compacted waste and 6 inches of daily cover, to 
the second, which analyzed the landfill midway through development with 40 feet of 
compacted waste and 12 inches of intermediate cover, to the third, which analyzed the 
landfill at closure with full depth of compacted waste, 12 inches of intermediate cover, 18 
inches of low permeability clay, geomembrane, geocomposite, and 24” vegetative cover .  
The HELP model estimates that average monthly leachate production will reach 399,656 
gallons/month during the worst case initial cross section. 
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4.3 Leachate Management System 
 
The leachate collection system is shown on sheets C-104 and C-105 and is detailed on 
sheets C-501 through C-504 of the permit drawings.  The collection system consists of a 
high permeability drainage layer, 8-inch HDPE leachate collector piping, and a leachate 
pump station within the sump area. 
 
The leachate collection pipes were designed to handle the projected peak leachate flow 
demonstrated in the HELP Model.  The highest leachate design flow was in cross section 
1.  The largest area draining into the 8” collector pipes was 5.0 acres.  Applying the case 
1 rate to the 5.0 acres produces a design flow of 6.0 gallons per minute (GPM).  The 
leachate pipes are placed at a minimum slope of 3.0%.  Full flow capacity for an eight-
inch pipe at this slope is 1,032 GPM. 
 
Leachate production will be handled by two pumps installed within the proposed sump 
area and connected to a 3” x 6” dual contained forcemain.  The proposed forcemain will 
be installed from Phase 3 Cell 1 and connect to the existing 3” x 6” dual contained 
forcemain currently serving Phase 2 Cell 1.  The connection will be made upstream of the 
existing air release valve by installing a pre-cast concrete manhole, with coating for dual 
containment, and check valves installed on both the proposed and existing forcemains.  
The HELP Model average monthly flow converts to 9 gallons per minute and a typical 
peaking factor of 3 was initially applied to yield a pump operation of 27 gallons per 
minute.  However, it was calculated that a minimum of 45 gallons per minute would be 
required to provide a minimum velocity within the forcemain of 2 feet per second.  Based 
on the system curve, it was determined that one EPG Series 8-4 pump would operate at 
47 gallons per minute and 63 feet of total dynamic head.  This condition of operation 
would only be valid if only one of the Phase 3 Cell 1 pumps was in operation.  The effect 
of head losses and combined flows from the existing pumps serving Phase 2 Cell 1 was 
evaluated to confirm that all pumps would remain within an acceptable range of 
operation if all three were operating at the same time.  It was determined that the 
proposed pump would operate at 41 gallons per minute, existing pump A would operate 
at 21 gallons per minute, and existing pump B would operate at 44 gallons per minute.  
All three pumps are the same EPG model and operate at an acceptable flow based on the 
pump curves and flow range.  Next, the flow condition was calculated at 61.25 gallons 
per minute with a total dynamic head of 85 feet based on both pumps within the sump of 
Phase 3 Cell 1 operating at the same time.  Based on average daily flows, one of the 
proposed pumps will run 4.7 hours to remove the leachate produced.  The intent will be 
for the pumps to alternate in operation to help extend service life.  Dual pumps also 
provide redundancy in the event that maintenance is required on one of the pumps.  The 
proposed sump area will store approximately 7.44 days of leachate production at the 
average daily rate and will require approximately 1.44 days to completely drain the sump 
if full.  Lastly, the existing leachate lagoon was evaluated for existing flows from Phase 2 
Cell 1 and proposed flows from Phase 3 Cell 1.  Assuming the leachate lagoon is 
completely empty with a volume of 770,000 gallons, the capacity would yield 
approximately 43.10 days of storage. 
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4.4 Contingency Plan 
 
In the event of an extreme rainfall event, the HELP model projects a peak leachate 
production of 510,000 gallons per day and a maximum head on the liner of 9.563 inches.  
However, this peak event would only occur if the entire 7.6 acre landfill contained 10 
feet of waste and 6 inches of daily cover.  The available storage volume below the 
perimeter liner edge elevation of 2078, assuming porosity if 0.4 (actual value will be 
higher depending on the amount of waste that has been placed) is approximately 989,305 
gallons.  Even for the peak event for the worst case scenario cross section, the area below 
permanent liner edge would only at 51.5% full of leachate.  In actuality, based on the 
conservative assumption of porosity and its effect on volume, multiple days of peak flow 
under normal operating conditions would be possible.  The proposed pump’s operating 
point of 47 gallons per minute allows for a peaking factor of 5.22 from average daily 
flow, therefore, it is highly unlikely for the landfill to produce more leachate than the 
pumps can transport to the leachate lagoon.  In the event of extreme conditions, both 
pumps will provide 61 gallons per minute.  Also, the leachate lagoon’s capacity is greater 
than the peak daily leachate production. 
 
Under average operating conditions, in the event that there was a temporary failure with 
any of the leachate removal and storage equipment, the geometry of the landfill would 
allow for the landfill to contain the leachate for approximately 2.5 months.  However, the 
system should never be out of operation for more than a few hours, and then only under 
extreme circumstances.  Due to the conservative design of the leachate removal and 
storage equipment and the geometry of the landfill, the possibility of leachate buildup 
overflowing the perimeter berm is very low. 
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ENGINEERING PLAN 
 

Macon County MSWLF 
Phase 3 Cell 1 

 
 
1.0 Introduction 
 
The Engineering Plan incorporates the plans and specifications relative to detailed design 
and performance of the Phase 3 Cell 1 Expansion at the Macon County MSWLF.  This 
plan was developed in accordance with Section .1620 of the Solid Waste management 
Rules (15 NCAC 13B). Sections .1624 (Construction Requirements for MSWLF 
Facilities) and .1627 (Closure and Post-Closure Requirements for MSWLF Facilities) 
were also closely referenced during the development of this plan.  This Engineering Plan 
discusses the engineering and design of the Phase 3 Cell 1 expansion.  Phase 3 Cell 1 has 
an estimated life expectancy of five (5) years.   
 
 
2.0 Engineering Report 
 
2.1 Composite Base Liner and Leachate Collection System 
 
The Phase 3 Cell 1 Expansion has the following: clay layer, HDPE liner and Leachate 
Collection System (LCS) design characteristics (from bottom to top): 
 

 A minimum four (4)-foot vertical buffer between the average seasonal high 
water table and the post-settlement bottom of the composite liner, 

 A minimum four (4)-foot vertical buffer between bedrock and the post-
settlement bottom of the composite liner. 

 A compacted select backfill layer (as needed). 
 A two (2)-foot thick, compacted clay liner with a maximum permeability of 

1.0 x 10-7 cm/sec., or an eighteen (18)-inch thick compacted clay liner with a 
maximum permeability of 1.0 x 10-5 cm/sec overlain with a geosynthetic clay 
liner (GCL) material with a demonstrated hydraulic conductivity of not more 
than 5 x 10-9 cm/sec under the anticipated confining pressure, 

 A primary sixty (60)-mil, high density polyethylene (HDPE) geomembrane 
liner, smooth on the floor and textured on the slopes, 

 A sixteen (16)-ounce geotextile cushion on the floor and side slopes, and 
 A two (2)-foot thick leachate collection layer constructed of washed stone, 

and also including leachate collection and transfer piping constructed of 
HDPE.  
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2.2 Cap System 
 

The Phase 3 Cell 1 Expansion will have the following cap system design characteristics 
(from bottom to top): 

 
 A one (1)-foot thick layer of compacted intermediate cover directly on top of 

the waste, 
 An eighteen (18)-inch thick compacted clay layer, with maximum 

permeability of 1.0 x 10-5 cm/sec 
 A forty (40)-mil textured HDPE geomembrane, 
 A double-sided, eight (8)-ounce geocomposite, and 
 A twenty-four -inch (24”) thick vegetative\erosion layer 

 
2.3 Leachate Collection 
 
The Phase 3 Cell 1 leachate collection lines consist of eight (8)-inch perforated HDPE 
main collector lines which run from the south portion of the cell at the sump to leachate 
clean-outs at the liner edges of the new cell.  Eight (8) inch perforated HDPE lateral 
collectors will connect to the main lines.  The main collection lines will be constructed 
with a minimum slope of 3.0%.  The lateral collectors are spaced approximately 150 feet 
apart.  See Sheet C-104 of the Permit Drawings for the layout of the leachate collection 
piping for Phase 3 Cell 1.   
 
Phase 3 Cell 1 will be constructed with a leachate collection sump with two (2) leachate 
pumps, which will act as a duplex pumping station.  The two (2) pumps will toggle run-
times during normal operations, and will run concurrently during periods of high flow.  
The proposed sump area will be approximately ten (10)-foot by one hundred (100)-foot 
and will be recessed and will include a double-lined HDPE geomembrane.  
 
The sumps will utilize two twenty-four (24)-inch perforated HDPE side slope riser pipes 
that will house the submersible leachate pumps.  The submersible pumps will be lowered 
into the leachate collection sump through the side-slope riser by means of a steel cable 
and a rolling carriage.  The side-slope riser rests on the 16-ounce geotextile cushion 
along the slope and lies between the sump and the top of the perimeter berm. 
 
2.4 Leachate Generation    
 
The amount of leachate that Phase 3 Cell 1 will generate was estimated by using the 
HELP Model analysis included in Section 14 of the Permit to Construct and by 
examining landfill records for Phase 2 Cell 1 for the past twelve years.  See Section 15 of 
the Permit to Construct for landfill leachate records for the past six years.  The HELP 
model analyzed three typical cross sections of landfill development during the lifetime of 
Phase 3 Cell 1.  Each cross-section included all aspects of landfill construction, such as 
clay barrier soils, flexible membrane liners, gravel drainage layers and layers of 
compacted MSW wastes and cover soils.  The cross sections varied from the first, which 



Engineering Plan 
Macon County MSWLF 

Revised May 2015 
Page 3 

analyzed the landfill in a worst case scenario of leachate production with the entire 7.6 
acres active with 10 feet of compacted waste and 6 inches of daily cover, to the second, 
which analyzed the landfill midway through development with 40 feet of compacted 
waste and 12 inches of intermediate cover, to the third, which analyzed the landfill at 
closure with full depth of compacted waste, 12 inches of intermediate cover, 18 inches of 
low permeability clay, geomembrane, geocomposite, and 24” vegetative cover. The 
HELP model estimates that average monthly leachate production will reach 399,656 
gallons/month during the worst case initial cross section.  Utilizing the historical data 
from Phase 2 Cell 1, we determined that 2005 provided the best representation for a stage 
of landfill development where runoff would not reach periphery ditches and be treated as 
leachate, similar to the first cross section for the HELP Model.  2004 was not utilized due 
to the above average amount of rainfall experienced by Macon County.  The monthly 
average for Phase 2 Cell was converted to a per acre amount to analyze an expected 
monthly average for the proposed 7.6 acre cell from an existing 14.0 acre cell.  Based on 
historical data, the average monthly leachate production will reach 263,574.  The HELP 
Model analysis is a conservative estimate of leachate production and will continue to be 
considered when designing improvements to the landfill leachate system; however, 
leachate production records will be utilized as well.  The leachate collection system must 
be prepared to handle extreme events as well as function efficiently at average production 
levels. 
 
2.5 Average Leachate Production Flows and Pumping 
 
Utilizing the existing leachate production information from both the HELP Model and 
historical data included as Sections 14 and 15 of the Permit to Construct, and pro-rating 
those quantities over the 7.6-acre footprint of Phase 3 Cell 1, we chose to evaluate the 
HELP Model average monthly flow of 399,656 to provide a factor of safety and 
conservatism to the design.  Detailed calculations and supporting documentation for the 
information provided in this section have been included as Appendix C – Leachate 
Calculations.  Leachate production will be handled by two pumps installed within the 
proposed sump area and connected to a 3” x 6” dual contained forcemain.  The proposed 
forcemain will be installed from Phase 3 Cell 1 and connect to the existing 3” x 6” dual 
contained forcemain currently serving Phase 2 Cell 1 (see Leaching Pumping System 
Diagram in Appendix C).  The connection will be made upstream of the existing air 
release valve by installing a pre-cast concrete manhole, with coating for dual 
containment, and check valves installed on both the proposed and existing forcemains.  
The HELP Model average monthly flow converts to 9 gallons per minute and a typical 
peaking factor of 3 was initially applied to yield a pump operation of 27 gallons per 
minute.  However, it was calculated that a minimum of 45 gallons per minute would be 
required to provide a minimum velocity within the forcemain of 2 feet per second.  Based 
on the system curve, it was determined that one EPG Series 8-4 pump would operate at 
47 gallons per minute and 63 feet of total dynamic head.  This condition of operation 
would only be valid if only one of the Phase 3 Cell 1 pumps was in operation.  The effect 
of head losses and combined flows from the existing pumps serving Phase 2 Cell 1 was 
evaluated to confirm that all pumps would remain within an acceptable range of 
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operation if all three were operating at the same time.  It was determined that the 
proposed pump would operate at 41 gallons per minute, existing pump A would operate 
at 21 gallons per minute, and existing pump B would operate at 44 gallons per minute.  
All three pumps are the same EPG model and operate at an acceptable flow based on the 
pump curves and flow range.  Next, the flow condition was calculated at 61.25 gallons 
per minute with a total dynamic head of 85 feet based on both pumps within the sump of 
Phase 3 Cell 1 operating at the same time.  Based on average daily flows, one of the 
proposed pumps will run 4.7 hours to remove the leachate produced.  The intent will be 
for the pumps to alternate in operation to help extend service life.  Dual pumps also 
provide redundancy in the event that maintenance is required on one of the pumps.  The 
proposed sump area will store approximately 7.44 days of leachate production at the 
average daily rate and will require approximately 1.44 days to completely drain the sump 
if full.  Lastly, the existing leachate lagoon was evaluated for existing flows from Phase 2 
Cell 1 and proposed flows from Phase 3 Cell 1.  Assuming the leachate lagoon is 
completely empty with a volume of 770,000 gallons, the capacity would yield 
approximately 43.10 days of storage.  
 
2.6 Contingency Plan for Peak Flow Conditions and Leachate System Disruption 
 
In the event of an extreme rainfall event, the HELP model projects a peak leachate 
production of 510,000 gallons per day and a maximum head on the liner of 9.563 inches.  
However, this peak event would only occur if the entire 7.6 acre landfill contained 10 
feet of waste and 6 inches of daily cover.  The available storage volume below the 
perimeter liner edge elevation of 2078, assuming porosity if 0.4 (actual value will be 
higher depending on the amount of waste that has been placed) is approximately 989,305 
gallons.  Even for the peak event for the worst case scenario cross section, the area below 
permanent liner edge would only at 51.5% full of leachate.  In actuality, based on the 
conservative assumption of porosity and its effect on volume, multiple days of peak flow 
under normal operating conditions would be possible.  The proposed pump’s operating 
point of 47 gallons per minute allows for a peaking factor of 5.22 from average daily 
flow, therefore, it is highly unlikely for the landfill to produce more leachate than the 
pumps can transport to the leachate lagoon.  In the event of extreme conditions, both 
pumps will provide 61 gallons per minute.  Also, the leachate lagoon’s capacity is greater 
than the peak daily leachate production. 
 
Under average operating conditions, in the event that there was a temporary failure with 
any of the leachate removal and storage equipment, the geometry of the landfill would 
allow for the landfill to contain the leachate for approximately 2.5 months.  However, the 
system should never be out of operation for more than a few hours, and then only under 
extreme circumstances.  Due to the conservative design of the leachate removal and 
storage equipment and the geometry of the landfill, the possibility of leachate buildup 
overflowing the perimeter berm is very low. 
Section .1624 (2)(A)(ii) of the Solid Waste Management Rules states that “the geometry 
of the landfill shall be designed to control and contain the volume of the leachate 
generated by the 24-hour, 25-year storm.”  The input parameters of the HELP model 
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included maintaining a maximum head of one (1) foot on the geomembrane liner, and the 
additional calculations regarding peak daily flow assure that rule .1624 (2)(A)(ii) was 
met. 
 
 
3.0 DESIGN SUMMARY 
 
3.1 Analytical Methods Used for Design Evaluation 
 
3.1.1 Liner Components. 
 
Review of EPA literature, NCDENR regulations, and Geomembrane liner manufacturer 
data.  
 
3.1.2 Leachate collection system 
 
The leachate collection system is designed to handle leachate production flows as 
determined by evaluation of documented leachate generation rates and the HELP model.  
The pipe spacing is based upon Manning Equation analysis.  
 
3.1.3 Leachate Production  
 
 Volumes – Documented leachate generation rates, and HELP Model 
 Storage Facilities - HELP Model during Phase 3 Cell 1 
 
3.1.4 Gas Collection System 
 
EPA design manual and assumption that gas well radius of influence = 100-125 feet. 
 
3.2 Definition of Critical Conditions and Assumptions Made 
 
Critical components 
 
Phase 3 Cell 1 is a standalone cell and will connect to the future Phase 3 cells.  The Phase 
3 Cell 1 is designed in consideration of future expansion.  A minimum separation of four 
(4) feet between the seasonal high water table and/or bedrock to the post-settlement 
bottom of the base liner system will be maintained. 
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 Maximize use of existing property 
 Existing soils may require amendment to get 1.0 x 10-7 permeability, or off-

site borrow sources may have to be utilized, or a GCL composite liner with 
1.0 x 10-5 permeability compacted clay soils overlain with a GCL material 
with a demonstrated hydraulic conductivity of not more than 5 x 10-9 cm/sec 
under the anticipated confining pressure may be utilized. 

 Constructed with washed stone leachate collection drainage layer to minimize 
potential of clogging 

 Proposed base liner system and proposed final cap system in accordance with 
current regulations; although, a 3:1 final cap slope will be utilized. 

  
3.3 Technical References Used 
 

 EPA 530-R-93-017 “Solid waste disposal facility criteria, technical manual” 
 NC Regulations (15A NCAC 13B) 
 Federal Regulations 
 HELP Model 
 Geomembrane liner manufacturer literature 
 “Subtitle D technical training manual” 
 EPA/625/R-94/008 Seminar publication “Design, operation, and closure of 

municipal soil waste landfill” 
 EPA/600/R-94/168a  “Hydraulic evaluation of landfill performance (HELP) 

Model user’s guide for version3” 
 Bagchi, Amalendu. (1994). Design, Construction, and Monitoring of 

Landfills, John Wiley and Sons, Inc., New York, NY. 
 
3.4 Location Restrictions 
 
The Phase 3 Cell 1 expansion complies with all location restrictions given in Section 
.1622 of the Solid Waste Management Rules (15A NCAC 13B). 
 
The closest public use airport to the Macon County MSWLF is the Macon County 
Airport, FAA Identifier 1A5, located at 1241 Airport Rd, Franklin, NC 28734.  The 
Macon County Airport runway is located approximately 14,200 feet from the Proposed 
Phase 3 Cell 1 MSWLF.  Rule 15A NCAC 13B .1622 (1) (c) requires the permittee of 
any existing MSWLF or lateral expansion to demonstrate that MSWLF unit does not 
pose a bird hazard to aircraft. The location of Proposed Phase 3 Cell 1 MSWLF is 
approximately 2,000 feet further from the Macon County Airport than the existing Phase 
2 Cell 1 MSWLF.  The Proposed Phase 3 Cell 1 MSWLF should not increase the risk of 
bird/aircraft collision due to its location being further from the Macon County Airport.   
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Rule 15A NCAC 13B .1622 (1) (b) requires the owners or operators proposing to site a 
new MSWLF unit or lateral expansion within a five-mile radius of any airport runway 
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. The letters to the Macon County Airport Authority and the Federal Aviation 
Administration are included in Appendix D.   
 
3.4.2 Water Supply 
 
Rule 15A NCAC 13B .1622 (9) Water Supply Watersheds. (a) A new MSWLF unit or 
lateral expansion shall not be located in the critical area of a water supply watershed or in 
the watershed for a stream segment classified as WS-I, in accordance with the rules 
codified at 15A NCAC 2B .0200 - "Classifications and Water Quality Standards 
Applicable To Surface Waters Of North Carolina." (b) Any new MSWLF unit or lateral 
expansion, which shall discharge leachate to surface waters at the landfill facility and 
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, shall not be located within watersheds classified as WS-II or WS-III, in 
accordance with the rules codified at 15A NCAC 2B .0200 - "Classifications and Water 
Quality Standards Applicable To Surface Waters Of North Carolina." 
 
A search of North Carolina Department of Environmental and Natural Resources 
(NCDENR) public water supply section databases was performed for the Proposed Phase 
3 Cell 1 MSWLF expansion area.  A review of this data does not indicate any public 
water supply wells within the 500-foot buffer of waste limits. The search results are 
included in Appendix E. The Proposed Phase 3 Cell 1 MSWLF is not located in the 
critical area of a water supply watershed or in the watershed for a stream segment 
classified as WS-1.  Based on available information, there are no water intakes off the 
Little Tennessee River for consumable water.  
 
3.4.3 Zoning 
 
The County is in the process of acquiring the Town’s zoning approval for Phase 3 Cell 1 
per NC general statute 130A-294 (b1) (4).  A copy of the letter stating that the Town 
approves the zoning for the project will be submitted to the NCDENR-Solid Waste 
Section prior to the issuance of a Permit to Construct Phase 3 Cell 1.   
 
3.4.4 Contamination Sources 
 
The Macon County MSWLF is the only known potential source of contamination in the 
area, with the exception of agricultural activities in the area. 
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3.4.5  Historical Site 
 
Rule 15A NCAC 13B .1622 (7) states that a new MSWLF unit or lateral expansion shall 
not damage or destroy an archaeological or historical property. The Department of 
Cultural Resources shall determine archeological or historical significance. To aid in 
making a determination as to whether the property is of archeological or historical 
significance, the Department of Cultural Resources may request the owner or operator to 
perform a site - specific survey which shall be included in the Site Study.  
 
There are no mapped historic structures, buildings, or sites on the Phase 3 Cell 1 
MSWLF expansion area.  Information regarding the locations of historical sites was 
obtained from the North Carolina State Historic Preservation Office.  Information 
regarding cultural resources was obtained from the North Carolina Department of 
Cultural Resources.  A Phase I archeological survey will be included in the Site 
Suitability Study. 
 
3.4.6 Floodplains 
 
Rule 15A NCAC 13B .1622 (2) (a) states that new MSWLF units, existing MSWLF 
Units, and lateral expansions shall not be located in 100-year floodplains unless the 
owners or operators demonstrate that the unit will not restrict the flow of the 100-year 
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. 
 
The outline of proposed landfill activity and the extent of the 100-year floodplain at the 
site is shown on sheet C-101.  The floodplain delineation is based on the Flood Risk 
Information System data of 2015.  The proposed landfill activity does not encroach on 
the 100-year floodplain.  Thus, the landfill activity has no impact on the 100-year 
floodplain and satisfies the location restriction of 15A NCAC 13B .1622 (2) (a). 
 
3.4.7 Wetlands and Streams 
 
Rule 15A NCAC 13B .1622 (3) (a) states 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: (i) 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. (ii) 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 requirement 
under the Marine Protection, Research, and Sanctuaries Act of 1972 for the protection of 
a marine sanctuary. 
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Wetlands areas and a stream are present in the vicinity of the Phase 3 Cell 1 
development.  See Sheet C-101 of the permit drawings for the location of the wetlands 
and stream. A jurisdictional delineation was performed by McGill Associates and a 
representative of the U.S. Army Corps of Engineers (USCOE) conducted a field 
verification of the delineation.  There will be approximately 149 linear feet of stream 
impact and 0.08 acres of wetlands impact associated with the development of the access 
road to the proposed MSW Phase 3 area, and the County has worked with the U.S. Army 
Corps of Engineers and the NCDENR-Division of Water Resources to obtain the 
necessary 404/401 permits for this portion of the project.  There will also be an additional 
0.04 acres of wetlands impact in the vicinity of the Phase 3 Cell 1 area.  The County is in 
the process of finalizing the 404/401 permits for the additional impact.  A copy of those 
permits already obtained are included in Section 15 of the Permit to Construct 
documentation.  The County will forward the 404/401 permits for the outstanding 0.04 
acres of wetlands impact to the Solid Waste Section upon receipt.  All of the following 
will be conformed to:   
 

 Endangered Species Act of 1973    
 Marine Protection, Research, and Sanctuaries Act of 1972 
 Section 404 of the Clean Water Act 

 
3.4.8 Seismic Design 
 
See the Design Hydrogeologic Report prepared by Bunnell-Lammons, Inc. 
 
3.4.9 Fault Areas 
 
See the Design Hydrogeologic Report prepared by Bunnell-Lammons, Inc. 
 
3.4.10 Unstable Areas 
 
See the Design Hydrogeologic Report prepared by Bunnell-Lammons, Inc. 
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4.0 MATERIALS AND CONSTRUCTION PRACTICES 
 
All materials and methods used for constructing the Phase 3 Cell 1 Expansion will meet 
the requirements set forth in Section .1624 of the Solid Waste Management Rules (15A 
NCAC 13B).  
 
4.1 Subgrade 
 
The landfill subgrade will be adequately free of organic materials and will consist of on-
site soils or select fill material previously approved by the Division.  The subgrade will 
be graded according to plans approved by the Division. The landfill operator may be 
required to notify the Division’s hydrogeologist for inspection of the subgrade once 
excavation is complete.  This notification would be indicated in the Permit to Construct.  
 
Before construction of the liner system, the Project Engineer will visually inspect the 
subgrade.  The Project Engineer will evaluate the integrity of the surface and document 
proper preparation and elevations according to plans approved by the Division.  The 
subgrade will be proof-rolled using procedures specified by the technical specifications.  
The subgrade will be tested for moisture and density requirements at the minimum 
frequency given in the Division approved technical specifications and the Site Specific 
Construction Quality Assurance Plan.  
 
4.2 Clay Liner and Geosyntheic Clay Liner (GCL) 
 
The materials used to construct the compacted clay liner will consist of native on-site 
materials.  The on-site materials may require bentonite admixture in order to meet the 
requirements of the technical specifications.  If a bentonite admixture is required, the 
material will be mixed and stockpiled according to methods approved by the technical 
specifications and the Project Engineer. Off-site materials may be used to acquire 
materials capable of meeting the project technical specifications.  Any material used to 
construct the clay liner portion of the base liner system shall meet all of the requirements 
of the project technical specifications.  
 
The GCL will be installed beneath and in uniform contact with the geomembrane liner.  
The GCL will overlay a compacted clay liner, in accordance with the specifications.  Any 
material used to construct the GCL portion of the base liner system shall meet all of the 
requirements of the project technical specifications and Section .1624 of the Solid Waste 
Rules. 
 
Construction methods used for placement of the compacted clay liner or GCL will be in 
accordance with the project technical specifications.  
 
 
 
4.3 Geomembrane Liner 
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The geomembrane material will have a demonstrated water vapor transmission rate less 
than or equal to 0.03 gm/M2-day. The geomembrane will also have physical and chemical 
resistance to environmental exposure, waste placement, and leachate generation.  The 
primary liner will be high density polyethylene with a minimum thickness of 60 mils.   
 
The installation of the geomembrane will conform to manufacturer’s recommendations 
and the project technical specifications.  The liner edge will be installed and secured into 
an anchor trench at the Phase limits.  Refer to Appendix B for anchor trench calculations. 
 
4.4 Leachate Collection Pipes 
  
Leachate collection piping will have a minimum nominal diameter of eight (8) inches for 
lateral and main collectors, and be made of high density polyethylene material.  The pipe 
will provide adequate structural strength to support static and dynamic loads produced by 
materials and equipment used during construction and operation of the landfill.  The pipe 
will also provide adequate structural strength to support static loads produced by the 
waste fill and components of the final cap.  Refer to Appendix A for pipe stability 
calculations.  
 
The leachate collection pipes will be installed according to the Sheet C-104 of the permit 
drawings for Phase 3 Cell 1. All piping will be constructed with cleanouts where 
physically possible for periodic cleaning and maintenance.  The bedding material for the 
collection lines will be #5 washed aggregate with no more than five (5) percent by weight 
passing the #200 sieve.  This aggregate will also be chemically compatible with leachate 
generated in the phase and shall meet all the requirements of the project technical 
specifications.  
 
4.5 Drainage Layers 
 
The aggregate used as the drainage layer in the phase will not be adversely affected by 
leachate produced in the phase and will promote lateral drainage of leachate. The 
drainage layer material shall meet all the requirements of the project technical 
specifications.  
 
The drainage layer will be placed by methods given in the project technical specifications 
and the Site Specific Construction Quality Assurance Plan.  The drainage layer material 
will be stable on the 3:1 side slopes of the phase. Please refer to the Design 
Hydrogeologic Report prepared by Bunnell-Lammons, Inc. 
 
 
 
 
4.6 Filter Layers 
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Filter layers in the leachate collection system will prevent migration of fine soil particles 
from entering the aggregate drainage layer, while allowing water and gases to enter the 
drainage medium without clogging. Geosynthetic filters shall demonstrate adequate 
permeability and soil particle retention, while having chemical and physical resistance 
from waste placement, leachate, and any overlying material.  Geosynthetic materials shall 
meet all of the requirements of the project technical specifications.  
 
All filter layers will be installed according to the project technical specifications, 
construction drawings, and the Site Specific Construction Quality Assurance Plan. 
Geosynthetic filters will not be wrapped directly around leachate collection piping.  
 
4.7 Erosion Control 
 
The erosion control structures are designed and will be maintained to manage the run-off 
generated by the 24-hour, 25-year storm event and will conform to the requirements of 
the Sedimentation Pollution Control Law (15A NCAC 4).  An erosion and sedimentation 
control permit from NCDENR-Land Quality Section is pending.  A copy of the approved 
erosion control plan will be forwarded to the Solid Waste Section prior to the issuance of 
a Permit to Construct for Phase 3 Cell 1.  Erosion control measures for Phase 3 are shown 
on Sheets C-106 and C-107 of the Permit to Construct plans.   
 
 
 
5.0 DESIGN HYDROGEOLOGIC REPORT 
 
The Design Hydrogeologic Report for Phase 3 Cell 1 was prepared by BLE, Inc.  A copy 
of this report was included with the design package submitted to the Solid Waste Section 
under separate cover. 
 
 
 
 
6.0 ENGINEERING DRAWINGS 
 
6.1 Existing Conditions 
 
Sheet C-101 of the design drawings shows existing site topography, borings, 
piezometers, existing and proposed ground water monitoring wells, existing and 
proposed gas probes, existing roads, existing buildings, existing MSW Phases 1 and 2, 
existing landfill facilities, the proposed revised Facility Boundary, and the proposed 
location of the Phase 3 Cell 1 Expansion.  
 
6.2 Grading Plans 
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The grading plans identify the proposed limits of excavation, clay liner elevations, and 
drainage layer elevations.  Sheet C-102 shows the subgrade elevation when a GCL is 
utilized along with one and one-half (1 1/2)-feet of compacted clay.  The subgrade 
elevations associated with two (2) feet of compacted clay at 1 x 10-7 are six (6)-inches 
below those elevations shown on Sheet C-102.  Sheet C-103 of the permit drawings 
shows the top of clay liner or top of GCL elevations.  Sheet C-104 shows the top 
elevation of the drainage layer.  Cap grades are shown on Sheet C-106 of the plans.  
 
6.3 Base Liner System 
 
The grades for the top of the Phase 3 Cell 1 clay liner or GCL are shown on Sheet C-103.  
As shown on the drawings, the minimum floor slope within the Phase 3 Cell 1 Expansion 
is approximately 4 percent.  The minimum post-settlement slope of the base liner system 
is greater than three (3) percent.  The anchor configuration and details of the base liner 
system are shown on the detail sheets C-501-C-504. 
 
6.4 Leachate Collection System 
 
The leachate collection system for Phase 3 Cell 1 is shown on Sheet C-104 and C-105 of 
the permit drawings.  The drainage layer washed stone for the leachate collection system 
is placed directly on the geotextile cushion and primary geomembrane.  The cleanouts 
and sump locations are also identified on the drawings.  The top elevation of the stone 
drainage layer is shown on Sheet C-104.  Details for the leachate collection system, 
including sump details, cleanout details, and piping details are shown on the detail Sheets 
C-501-C-504.  The proposed leachate system force main is shown on Sheets C-104 and 
C-105. 
 
6.5 Stormwater Segregation System 
 
Phase 3 Cell 1 will be covered by a synthetic stormwater control liner that lies on top of 
the drainage layer. (Refer to Sheet C-104).  This stormwater control liner will allow 
stormwater runoff to collect in the lower end of the phase.  Stormwater runoff will then 
be pumped over the perimeter embankment and discharged into the storm drainage 
system leading to sediment basin #2.  Additionally, a stormwater control berm will be 
installed in the floor of Cell 1 and will discharge stormwater runoff directly to a 
perimeter ditch near the Southwest corner of the cell.  Prior to entering an inactive area of 
landfill, the stormwater control liner will be partially removed.  The overlying synthetic 
cover will be pulled back in stages, therefore keeping even active areas exposed to a 
minimum amount of rainwater.  As the active working face increases in elevation, berms 
will be used to direct stormwater runoff to periphery ditches.  See Sheets C-501 for a 
detail of the temporary stormwater control berm. 
 
6.6 Cap System 
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Sheet C-106 of the permit drawings shows proposed intermediate cover and permanent 
cap grades of the proposed Phase 3 Cell 1 Expansion.  Intermediate cover will be placed 
of the western and northern portion of the Cell.  As adjacent phases are developed, the 
temporary slopes will increase to the ultimate build-out of the phase.  The final cap will 
include a one (1) foot thick compacted intermediate cover, a twenty-four (24)-inch thick 
clay layer, a forty (40) mil textured HDPE geomembrane, a double-sided eight (8)-ounce 
geocomposite, and an eighteen (18)-inch thick vegetative\erosion layer.  The slope of the 
final cap will be 3:1.  BLE Inc. included an analysis of the slope stability for a 3:1 final 
cap, the results of which are included in the Design Hydrogeological Report.  Details of 
the cap system are shown on Sheets C-501 – C-504 of the permit drawings. 
 
Macon County is not required by Solid Waste or air permitting rules to install an active 
gas collection system and will therefore show a passive venting system at this time.  The 
passive vents will be constructed prior to construction of the final cap at the locations 
shown on Sheet C-106 and in accordance with the detail on Sheet C-502.   
 
6.7 Erosion Control 
 
An erosion control plan submittal for the construction of Phase 3 Cell 1is in the process 
of being finalized. The erosion control plan is designed for the construction and operation 
of Phase 3 Cell 1 as well as the construction and operation of future Phase 3 Cell 2.  
There are six (6) sediment basins proposed for Phase 3 Cell 1 that will be utilized to 
control sedimentation during construction and operation of the cells.  Storm water runoff 
will be directed to these basins prior to release to nearby streams.  In all cases, ditches, 
piping, and sediment basins were sized to accommodate the greatest flow that will be 
encountered throughout the lifetime of the landfill phase.  Often, the greatest flow will be 
seen as the landfill reaches its capacity when the slopes are steepest, many years into the 
future.  A copy of the erosion control permit associated with the development of Phase 3 
Cell 1 will be forwarded to the Solid Waste Section upon receipt.  The Macon Count 
MSWLF is being operated under a general stormwater permit that issued in November of 
2012.   
 
The erosion and sedimentation control law is performance based and although existing 
erosion control permits and measures are in-place, it is still the responsibility of the 
contractor and landfill operator to ensure that the erosion control systems are functioning 
properly. Existing and proposed erosion/sedimentation control structures include 
sediment basins, storm drains, temporary slope drains, check dams, and diversion ditches.  
Sediment basins will be checked after periods of significant runoff.  Sediment will be 
removed from the basin to its original dimension when sediment accumulates to one half 
of the design depth.  The sedimentation basins, embankments, ditches, inlets and outlets 
will also be inspected for erosion damage. All necessary repairs will be made 
immediately.  Any trash or debris within the riser pipes will be removed.  Storm drain 
outlets and diversion ditches will be inspected for damage after each runoff event.  Rip 
rap will be placed in ditches and at pipe outlets to prevent erosion and wash outs.  
Provisions for a vegetative ground cover sufficient to control erosion must be 
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accomplished within fifteen days upon completion of any phase of grading.  
Embankment slopes shall be periodically inspected for erosion. The embankment slopes 
shall be mowed at a frequency sufficient to maintain a good stand of vegetation.  The 
slopes shall be mowed once in any one (1) year period.  The embankment slopes shall be 
refertilized in the second year unless vegetation growth is fully adequate.  Any damaged 
areas will be reseeded, fertilized, and mulched immediately.  Seeding, fertilizing and 
mulching shall be in accordance with the North Carolina Erosion and Sedimentation 
Control Guidelines. 
 
The erosion control plan for the construction of Phase 3 Cell 1 is included on Sheet C-
107 of the permit drawings.   
 
6.8 Vertical Separation Requirements 
 
Cross sections of Phase 3 Cell 1 are shown on Sheets C-113 and C-114 of the permit 
drawings.  These drawings illustrate the base liner thickness, the depth of waste, the cap 
system thickness, and the existing ground elevation, the potentiometric surface, and 
bedrock elevations.  Cross sections of the subsurface conditions, created from boring data 
at the site, are shown in the Phase 3 Cell 1 Design Hydrogeologic Report prepared by 
BLE, Inc.  The report also contains an average seasonal high water contour map, a 
bedrock contour map, and a potentiometric surface map.  The minimum separation 
between the bottom of the proposed post-settlement clay liner and the water table in 
Phase 3 Cell 1 is approximately 4.0 feet at one location, located at boring BLE 18R, near 
the location of the sump.  The minimum separation between the bottom of the proposed 
post-settlement clay liner and bedrock is approximately 5.3 feet, located at boring BLE 
10.  The vertical separation increases up to the high point at the eastern edge of the new 
cell. The estimated subgrade settlement is shown in the BLE Design Hydrogeologic 
Report.  Differential settlement was looked at to evaluate the potential for one area of the 
landfill to subside greater than adjacent areas.  The projected settlement is negligible and 
will not cause significant differential settling along leachate lines that could interrupt the 
flow of leachate to the sump area. 
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APPENDIX A 
 

Pipe Stability Calculations 
 



Max Landfill Elevation 2176

Clay Grade Elevation 2082

Maximum Overburden Depth 94

Layer Description Unit Weight (psf)

Drainage Layer Stone 130

Compacted Waste 55

Compacted Soil Material 110

Drainage Layer 2 260 1.8

Compacted Waste 94 5170 35.9

Compacted Soil 4 440 3.1

Pt 40.8 psi

SDR 17

Sa 326.1 psi

1500 psi

Factor of Safety 4.6

Pt 40.8 psi

Pc 14.17

Pcd 164.9 psi

165 psi > 53.8 psi, therefore, there is resistance to wall buckling

4.0

∆Y 0.28 inches

∆Y/D 4.25%

Vertical Soil Strain E=Pt/E'

E 0.0136

∆Y/D   0.0425 > E 0.0136

Factor of Safety 3.1 Pipe Meets Requirements

Time dependent modulus of elasticity @ 150 psi tensile stress = 

30,000psi (Ref. pf. 36 of DriscoPipe design Manual)

Factor of Safety = 164.9 psi/40.8 psi

Check for Wall Buckling

Check for Wall Crushing

Overburden Description (Landfill Fully developed)

Overburden Pressure

Layer Descrition Depth (ft)
Overburden 

Pressure (psf)

Overburden 

Pressure (psi)

Pt = total vertical soil pressure =40.8 psi

Allowable ring deflection > vertical soil strain

Ring Deflection

Pipe Stability Calculations

E = tangential strain in surface of pipe ring due to reflection, .0
SDR = Standard dimension ratio, D/t
t = pipe wall thickness
For 6” SDR 17, D = 6.625”, t= 0.39”
E’ = Soil modulus, psi (3,000 psi)
E = Vertical soil strain

AssumeE' = 3,000 psi (soil modulus) for Pc

Assume E' = 30,000 psi (crushed stone compacted) for Pcd

Pcd Must be greater than Pt to resist against wall buckling.

∆Y = vertical deflection (in.)
D = Pipe O.D. (in.)

Assume Compressive yield strength of HDPE = 
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APPENDIX B 
 

HDPE Liner Anchor Trench Calculations 
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APPENDIX C 
 

Leachate Calculations 
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APPENDIX D 
 

Letters to FAA and Macon County Airport 
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APPENDIX E 
 

Public Water Supply Search Results 
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SITE SPECIFIC CONSTRUCTION QUALITY 
 ASSURANCE PLAN 

 
Macon County MSW Landfill 

Macon County, North Carolina 
Phase 3 Cell 1 

 
 
This Construction Quality Assurance Plan has been prepared as required under Rule 
.1617 and in accordance with Rule .1621. 
 
1.0 INTRODUCTION 
 
1.1 Project Background 
 
The Macon County MSW Landfill Site is the current MSW landfill for Macon County.  
The current project involves the construction of a 7.6-acre expansion referred to as Phase 
3 Cell 1.  Phase 3 Cell 1 will be constructed to provide approximately 5 years of landfill 
airspace for the County.  Phase 3 Cell 2 will be constructed and brought on line as Phase 
3 Cell 1 nears operational capacity.  Macon County began receiving wastes in 1993 
Phase 1 Cell 1.  The current active waste area, Phase 2 Cell 2, began operation in 1999.  
This project is a standalone MSW Cell.  The Phase 3 Cell 1 Project will consist of 
structural fill to achieve the desired gradients followed by a compacted, low-permeability 
clay liner layer, a low-permeability geocomposite clay liner, a 60-mil high density 
polyethylene (HDPE) geomembrane liner, and an aggregate drainage layer.  The Macon 
County Landfill site is located in Macon County at 1448 Lakeside Drive (S.R. 1324). 
 
 
1.2 Project Scope 
 
The purpose of this Site Specific Construction Quality Assurance Plan (SSCQAP) is to 
provide guidance to McGill Associates and sub-contractor personnel on required 
documentation activities during the construction of the engineered Phase expansion.  This 
guidance is intended to ensure that construction meets the requirements of Macon County 
and the Project Construction Quality Assurance (CQA) Plan and project drawings and 
specifications. 
 
The overall goals of the SSCQAP are to ensure that proper construction techniques and 
procedures are used to verify that the materials and installation techniques used meet 
Project CQA Plan and project drawings and specifications.  Additionally, the program 
will identify and define problems that may occur during construction and ensure that 
these problems are corrected before the construction is complete.  At completion of work, 
the program will culminate in a certification report, which documents that, the clay liner 
and the geosynthetic liners have been constructed in substantial compliance with this 
SSCQAP and project drawings and specifications.  The primary emphasis of the 
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SSCQAP is careful documentation during the preparation and placement of the clay and 
the geosynthetic liner. 
 
1.2.1 Scope of Services 
 
The Scope of Services provided by CQA Consulting Firm for the construction of 
engineered base is as follows: 
 

1. Pre-Construction materials evaluation (structural fill, clay liner, 
geosynthetics). 

2. Structural Fill observation, testing, documentation, and verification of 
construction procedures. 

3. Clay liner or geosynthetic clay liner (GCL) observation, testing, 
documentation, and verification of construction procedures. 

4. Geosynthetic observation, testing, documentation, and verification of 
construction procedures. 

5. Provide CQA Report and CQA Certification that Phase 3 Cell 1 was 
constructed in accordance with this SSCQAP. 

 
1.2.2 Construction Schedule 
 
Construction of Phase 3 Cell 1 shall be completed within 270 consecutive calendar days. 
 

Description 

Preconstruction Meeting 
 

Structural Fill Subgrade Installation 

Primary Clay Liner or Geosysnthetic Clay Liner 
Installation 

Primary Geomembrane Liner Installation 

Primary Geotextile Cushion Installation 

Installation of Leachate Collection System 

Installation of Washed Stone Drainage Layer 

Submit CQA Report and CQA Certification 

 
 
2.0 Parties Involved 
 
2.1 Macon County 
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 Contact: Mr. Chris Stahl, (828) 349-2100  
 Title:  Macon County Solid Waste Director  
  
2.2 McGill Associates, P.A. 
 
 Contact: Mark D. Cathey, P.E. (828) 252-0575 
 Title:  Project Engineer 
 
2.3 General Contractor 
 
 Contact: Unknown  
 
 Title:   
 
2.3.1 Surveyor 
 
 Contact: Unknown    
 
 Title:   
 
2.3.2 Geosynthetic Manufacturer 
 
 Contact: Unknown  
 
 Title: 

 
2.3.3 Geosynthetic Installer 
 

Contact: Unknown   
 
2.4 Construction Quality Assurance Consulting Firm 
 

Contact: Unknown  
Title:  

 
  
 
2.4.1 CQA Certifying Engineer 
 
 Name: Unknown  
 
 Title:  
 

CQA Resident Engineer 
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Name: Unknown 
 
Title:  

 
Geosynthetic Testing Laboratory 

 
Contact: Unknown 
 
Title: 

 
2.4.4 Soils Laboratory (permeability testing) 
 
 Contact: Unknown   
 
 Title:   
 
  
3.0  Preconstruction Meeting 
 
A Preconstruction meeting will be held prior to the beginning of construction.  The 
following people shall be present:  Owner representative, Solid Waste Director, County 
Engineer, Project Engineer, Design Engineer, Certifying CQA Engineer/CQA Project 
Manager, Resident CQA Engineer, General Contractor, Geosynthetics Installer, and all 
other subcontractors.  
 
The following items will be discussed at a minimum: 

 
Any questions about the SSCQAP will be addressed and any modifications that 
result will be documented.  Any modifications to the approved SSCQAP must be 
approved by the North Carolina Department of Environment, Health, and Natural 
Resources, Division of Waste Management, Solid Waste Section (NCDENR 
Solid Waste Section). 

 
 Special permits and state and/or federal regulations. 

 
 Responsibilities, expectations, and roles of each party. 

 
 Lines of authority and proper lines of communication. 

 
 Procedures for documenting and reporting information. 

 
 Distribution and storage of documents and reports. 

 
 Protocol for testing and geosynthetic sample management. 
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 Protocol for handling construction deficiencies. 

 
 Protocol for repairs and re-testing. 

 
 Conduct site walk through: 

 
Discuss work plans 
Inspect material handling and storage locations 
Review office facilities (copy machine, mailing, etc.) 

 
 Review detailed time schedule for all operations. 

 
 Review work area security, check-in procedure, and safety protocol. 

 
 Establish procedures for material processing. 

 
 Review site health and safety requirements. 

 
The Preconstruction Meeting will be documented by McGill Associates and a copy of the 
meeting minutes will be distributed to all parties who attend.   
 
4.0 Definitions 
 
4.1 Construction Quality Assurance 
 
A planned and systematic application of all means and actions designed to provide 
adequate confidence that items or services meet design and specifications requirements 
and will perform satisfactorily in service.  In the context of the geosynthetic liner system, 
construction quality assurance refers to means and actions employed by the CQA 
Resident Engineer, CQA Senior Lead Technician, and the CQA Monitors to ensure 
conformity of the liner system installation with guidelines set forth in the SSCQAP, 
construction plans, and construction specifications. 
 
 
 
 
4.2 Construction Quality Control 
 
Those actions which provide a means to measure and regulate the characteristics of an 
item or services to design, and specifications requirements.  In the context of the 
geosynthetic liner system installation, quality control refers to those actions taken by the 
Geosynthetic Contractor/Manufacturer to ensure that the product and the workmanship 
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meets the requirements set forth in the SSCQAP, construction plans, and construction 
specifications. 
 
4.3  Design Engineer 
 
The individual or firm responsible for the preparation of this SSCQAP, construction 
drawings, and construction specifications. 
 
4.4 Project Engineer 
 
The individual or firm responsible for the implementation of this SSCQAP, construction 
drawings, and construction specifications. 
 
4.5 General Contractor 
 
The firm responsible for the complete construction of the soil and geosynthetic 
components of the landfill as specified in this SSCQAP and as shown on the construction 
drawings and construction specifications. 
 
4.6 Construction Quality Assurance Consultant 
 
The firm responsible for observing, testing and documenting activities related to 
construction quality assurance during the installation of the leak detection layer, clay 
liner, geomembrane liner, and the leachate collection system.  The CQA Certifying 
Engineer is responsible for issuing a summary certification and documentation report 
bearing his/her Professional Engineering Seal.  The CQA Resident Engineer is 
responsible for the management of on-site CQA personnel and providing the Project 
Engineer and Owner with a daily report of the construction activities.   
 
5.0 DOCUMENTATION PROCEDURES 
 
5.1 Standard Reporting Procedures 
 
The CQA Technicians shall issue a daily report of construction activities.  These reports 
shall include, as a minimum, the following information: 
 

An identifying sheet number for cross-referencing and documentation control. 
 
Date, project name, location and other identification. 
 
1. Weather conditions. 
 
2. Problems encountered and resolutions. 
 
3. Descriptions and locations of ongoing construction. 
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4. Equipment and personnel in each work area, including subcontractors. 
 
5. Descriptions and specific locations of areas or units of work being tested and/or 

observed and documented (identified by coordinates or seam/panel numbers). 
 
6. Locations where samples were taken. 
 
7. A summary of test results, failures, and re-tests. 

 
 
5.2 Monitors of geosynthetic installation shall perform and/or provide the 

following information and services: 
 

a. Material delivery (time, date, and physical condition of material) 
b. Unloading and on-site storage and transport 
c. Sampling for conformance testing 
d. Deployment operations (roll #, panel #, approved QA\QC cert, thickness, 

overlap, defects, etc.)  
e. Seam preparation (proper overlap and cleanliness) 
f. Seaming operations (seaming method, seam#, welding technician, welding 

apparatus #, welder settings, ambient temperature, chronological order of 
seams welded, seam length, etc.) 

g. Conditions of panel before and after placement 
h. Locate and document all defects in the geosynthetic material. 
i. Repairs (location, method, technician, date, etc.) 
j. Trial seams (monitor preparation and testing) 
k. Nondestructive testing (visual observation and documentation) 
l. Sampling for destructive seam testing (locating test location) 
m. Final walkovers (confirm defect repairs) 

 
5.3 Applicable Forms 
 
As a minimum, the CQA monitors will utilize the following forms for the project: 
 

1. Daily Field Report  
2. Weekly Progress Report 
3. Nuclear Density Testing 
4. Drive Cylinder Test Report 
5. Soil Testing Tracking Log 
6. Certificate of Acceptance of Soil Subgrade 
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7. Geosynthetic Materials Inventory Checklist 
8. Weather Log 
9. Trial Weld Form 
10. Panel Deployment 
11. Panel Seaming 
12. Nondestructive Seam Testing 
13. Destructive Sample Test Log 
14. Geosynthetic Defect Log 
15. Geosynthetic Repair Log 
16. Construction Site Safety Form 
17. Construction Photo Log 
18. Certificate of Completion 

 
5.4 Problem/Deficiency Identification and Corrective Action Report 
 
The CQA Monitor is required to inform the General Contractor and/or the Geosynthetic 
Contractor, or their representatives, in a timely manner, of any difference between the 
interpretation of the SSCQAP, the construction plans and construction specifications by 
the contractor versus the CQA Monitor’s interpretation.  In addition, any actual or 
suspect work deficiencies shall be brought to the Project Engineer’s and Owner’s 
attention. 
 
A special meeting shall be held when and if a problem or deficiency is present.  At a 
minimum, the meeting shall be attended by the General Contractor, the Owner, the 
Project Engineer, the CQA Resident Engineer, and the CQA Monitor.  If the problem 
involves a possible design modification, the Design Engineer shall be notified.  The 
purpose of the meeting is to define and resolve the problem or work deficiency as 
follows: 
 

1. Define and discuss the problem or deficiency 
2. Review alternative solutions 
3. Implement an action plan to resolve the problem or deficiency 

 
The CQA Resident Engineer or his representative will document all proceedings. 
 
Any changes and/or modifications to the SSCQAP must be approved by the Owner, 
Design Engineer, Project Engineer, CQA Certifying Engineer, and the NCDENR Solid 
Waste Section.  
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5.5 Plan Modifications 
 
Design and/or specification changes shall be made only with written approval of the 
Owner, the Design Engineer and the Project Engineer.  Substantial design changes shall 
also require approval from the NCDENR Solid Waste Section. 
 
5.6 Scope Change 
 
The CQA Resident Engineer shall notify the Project Engineer whenever additional 
engineering services are requested by Owner that exceed the original scope of services. 
 
5.7 Photographic Documentation 
 
Photographs taken to document observations, problems, and/or deficiencies, or work in 
progress will include identification of the date, location, direction of view, and time 
period.  Photographs will be filed in chronological order in a permanent protective file by 
the CQA team.  One set of prints shall be turned over to both the Owner and Project 
Engineer at the conclusion of the project. 
 
The permanent file will also contain a comprehensive index of each photo, which the 
CQA Monitor is responsible for preparing and maintaining.  This index will include the 
following information: 
 

1. Date of photograph 
2. Provide a location and scale where photographed, including information 

regarding the orientation of the photograph itself for proper viewing 
3. Subject description 
4. Photo file number 

 
The following is a list of minimum photographs to be taken during cell construction: 
 

1. Subgrade/subbase proof rolling 
2. Geosynthetic conformance sampling 
3. Geomembrane deployment 
4. Fusion welding devices 
5. Extrusion welding devices 
6. Air testing 
7. Vacuum box testing 
8. Seaming 
9. Destructive sample location and removal 
10. Trial welds 
11. Tensiometer testing 
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12. Geotextile deployment  
13. On-site lab soil testing 
14. Drainage Layer Construction 
15. Progress photographs 
16. Design modifications 
17. Construction deficiencies 
18. Completed construction 

 
5.8 Final Construction Documentation Report 
 
During placement of the drainage layer and stormwater control liner, the CQA Resident 
Engineer shall prepare a final certification-documentation report covering the installation 
and testing of the clay and geosynthetic lining system.  This report shall certify that the 
clay or GCL system and geosynthetic liner system has been constructed in substantial 
accordance with this SSCQAP, the construction drawings, and the construction 
specifications.  A Draft Copy of this report shall be issued to the Project Engineer 
following completion of the lining system.  The final report shall be issued to the Project 
Engineer following completion of the drainage layer.  For this project, two (2) copies of 
the draft version, five (5) copies of the final version of the report, and a digital copy of 
the final version of the report, complete with all attachments shall be issued. 
 
5.9 Format of CQA Report 
 
As a minimum, the certification report will contain the following items for discussion in 
the narrative portion of the report.  The proposed table of contents is: 
 
5.9.1 Table of Contents 
 
Section 
 

1.0 Summary of Information 
 
 1.1 Narrative 
 1.2 Reference Information 
 
2.0 Soil Preconstruction Data (embankment and clay liner) 
 
 2.1 Proctors 
 2.2 Soil Density/Moisture 

2.3 Soil Classification 
 
3.0 Subgrade Field Data 
 

3.01 Moisture Content 
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3.02 Field Density Testing 
 
3.1 Clay Liner or  GCL Field Data 
 
 3.21 Moisture Content 

3.22 Field Density Testing 
 3.23 Permeability Testing 
 
4.0 Soil Laboratory Data  
 
 4.1 Construction Proctors 
 4.2 Soil Classification 
 4.3 Permeability 
 
5.0 Geosynthetic Quality Control 
 
 5.1 Manufacturer’s Q.C. 
 5.2 Installer Resumes 
 5.3 Material Conformance Testing 
 
6.0 Geosynthetic Liner Field Data 
 
 6.1 Weather Log 
 6.2 Trial Welds 
 6.3 Panel Placement 
 6.4 Panel Seaming 
 6.5 Non-Destruct Test 
 6.6 Destruct Test 
 6.7 Repair Log 

6.8 Installed Quantities 
6.9 Defect Location Map 

 
7.0 Protective/Drainage Layer Data 
 
7.1 Preconstruction testing 
 
7.2 Field and laboratory testing 
 

7.2.1 Sieve analysis 
7.2.2 Permeability testing 

 
8.0 Project Meeting Minutes 
 
9.0 Construction Photographs 
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10.0 Pertinent Information 
 
5.9.2 List of Drawings 
 
As a minimum, the certification will include in an appendix the following proposed list of 
drawings: 

 
 Geomembrane Panel Layout 
 Defect Location Map 
 Map giving elevation of subgrade, clay or GCL liner, and drainage layer at a 

maximum frequency of every fifty (50) feet and a maximum frequency of  
every fifty (50) feet along grade breaks. 

 
5.10 Site Surveying Requirements 
 
The CQA Resident Engineer shall coordinate all survey activities with the surveyor, 
provided by the Contractor.  Survey services will be required for initial site layout, final 
grade verification, and primary geomembrane as-built survey.  All grade surveying shall 
be conducted on a maximum 50-foot grid and a maximum 50-foot frequency along grade 
breaks.  The certification surveys will be as directed by the CQA Resident Engineer and 
shall include the following items: 
 

 Panel placement and seaming locations 
 Location of destructive testing samples 
 Location of all significant repairs 
 Topographic survey of base grades 
 Topographic survey of top of clay or GCL liner 
 Topographic survey of top of drainage layer 

 
6.0 LANDFILL CONSTRUCTION-EARTHWORK 
 
6.1 Subgrade/ Structural Fill Preparation 
 
6.1.1 Subgrade 
 
Subgrade preparation shall be performed by the General Contractor and in accordance 
with the construction drawings and construction specifications. 
 
The General Contractor shall be responsible for preparing the subgrade prior to 
placement of the base liner system and is responsible for constructing the subgrade in 
accordance with the technical specifications. 
  
Before beginning placement of the Compacted Clay Liner: 
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1. The Resident CQA Engineer shall document that a licensed land surveyor has 
verified that all grades and elevations are consistent with the NCDENR Solid 
Waste Section approved engineering plans. 

 
2. The Resident CQA Engineer shall document that he/she has visually inspected the 

subgrade surface to evaluate its suitability and that the subgrade meets the criteria 
specified in the project specifications. 

 
3. The prepared subgrade shall be proof-rolled using a smooth-drum roller 

(minimum 20 tons) making a minimum of two (2) passes in each direction or 
other procedures and equipment approved by the Project Engineer. 

 
4. The Resident CQA Engineer shall document that the subgrade has been tested for 

conformance to the construction specifications at the following minimum 
frequencies: 

 
 

Construction Testing 
SUBGRADE TESTING FREQUENCIES 

TEST ASTM METHOD QUANTITY 
Field Density 

 
 

D6938, D1556, D2937
 

1/5,000 YD3 

 
 

Field Moisture D2216, D6938,  
D4643 

1/5,000 YD3 

 
 
 
6.1.2 Structural Fill 
 
Structural fill shall be the soil placed to achieve the design subgrade contours.  The 
subgrade will be tested for field density and field moisture content at a minimum 
frequency of one (1) test per 5,000 cubic yards placed.  Testing will also consist of visual 
observation and documentation of proof-rolling with a smooth-drum roller (minimum 20 
tons) with at least two (2) passes in each direction or by other procedures and equipment 
approved by the Project Engineer.  If a nuclear gauge is used as the primary means of 
construction testing, the instrument shall be calibrated properly and test data shall be 
verified using alternate test methods such as drive cylinders.  An alternate test method 
shall be used at least once for every hundred tests performed with the nuclear gauge.  The 
alternate test method should be performed in the same area as an instrument reading in 
order to allow accurate comparison of the data resulting from the two tests. 
 

Preconstruction Qualification 
Structural Fill
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Test ASTM Method Quantity 
Natural Moisture Content D2216 1/5,000 YD3 
Laboratory Compaction D698 1/5,000 YD3 

 
 
 

Construction Testing 
STRUCTURAL FILL TESTING FREQUENCIES 

TEST ASTM METHOD QUANTITY 
Field Density 

 
 

D6938, D1556, D2937
 

1/5,000 YD3 

 
 

Field Moisture D2216, D6938,  
D4643 

1/5,000 YD3 

 
6.2 Select Backfill Placement and Testing 
 
Select backfill will be utilized on a limited basis in berms near the liner edge and at 
anchor trenches.  This material will have the same preconstruction and testing 
requirements as the subgrade, with the exception that the preconstruction and 
construction testing will have to be performed to show conformance with the Maximum 
Particle Size requirements.  The testing requirements are as follows: 
 
 
 
 

Preconstruction Qualification 

Test ASTM Method Quantity 

Natural Moisture Content D2216 1/5,000 YD3 
Laboratory Compaction D698 1/5,000 YD3 
Grain Size Analysis D422  1/5,000 YD3 
* Preconstruction test samples shall be taken from the borrow source and or clay 
stockpiled prior to construction. 

Construction Testing 

Test ASTM Method Quantity 

Field Density D6938, D1556, D2937 1/5,000 YD3 

Field Moisture D2216, D6938, D4643 1/5,000 YD3 
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Grain Size Analysis D422 1/5,000 YD3 

 
 
6.3 Compacted Clay Liner Material 
 
The Compacted Clay Liner shall consist of low-permeability soils placed on the prepared 
subgrade. 
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Table 1 - QA Testing Frequencies and Criteria for Compacted Clay Liner Layer 

 

Preconstruction Qualification 

Test ASTM Method Quantity 

Natural Moisture Content D2216 1/1,000 YD3 or Change in Material 
Grain Size Analysis D422 or D1140 1/5,000 YD3 or Change in Material 
Classification D2487 1/5,000 YD3 or Change in Material 
Atterberg Limits D4318 1/5,000 YD3 or Change in Material 
Laboratory Compaction D698 - Standard 1/5,000 YD3 or Change in Material 
Permeability ** D5084 1/10,000 YD3 or Change in Material 

Three per Moisture-Density Curve 

* Preconstruction test samples shall be taken from the borrow source and or clay 
stockpiled prior to construction. 

** The Moisture-Density Curve shall show the region in which the required maximum 
permeability is met.  A minimum of three (3) permeability tests (ASTM D5084) shall be 
performed per curve to establish the zone of acceptable moistures and densities at which the 
required maximum permeability may be achieved.  If the Contractor elects to run multiple curves 
to enlarge the zone of acceptance, all curves must be submitted. 

Construction Testing 

Test ASTM Method Quantity 

Field Density D6938, D1556, D2937 1/10,000 FT2/Lift 
Field Moisture D2216, D6938, D4643 1/10,000 FT2/Lift 
Classification D2487 1 per acre per lift 

Permeability Extracted per D1587 

Tested Per D5084 

1/40,000 FT2/Lift 

Atterberg Limits D4318 1/5,000 YD3 

Grain Size D422 or D1140 1/5,000 YD3 

Maximum particle Size  3- inch diameter (lower 18 inches) 
1/4-inch diameter (top 6 inches) 

Soil Layer Thickness Observation, Field 
Measurement 

Continuous Observation, Minimum of 
Five (5) per Lift 
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If a nuclear gauge is used as the primary method for construction testing of the clay 
liner, the test data shall be verified by alternate test methods at least once for every 
10 tests performed. 
 
Any modifications made to these testing frequencies will require prior approval 
from the NCDENR Solid Waste Section. 
 
Clay liner material generally consists of cohesive soils with low hydraulic conductivity 
used as barriers in lining systems.  Soils used in clay liners shall consist of clean, select 
material free of debris, excessive coarse particles or other deleterious matter.  Soils with a 
visibly identifiable organic content, or soils classified according to the Unified Soil 
Classification System as organic silt or organic clay (OL, OH) shall not be used. 
 
Any tests resulting in the penetration of the compacted clay liner shall be repaired by 
backfilling the test area with a hand-tamped 50/50 bentonite/clay mixture. 
 
6.4 Clay Liners 
 
Prior to the construction of a clay liner, soil evaluation tests shall be performed to 
confirm the adequacy of clay liner materials procured from each on-site or off-site source 
area.  All tests shall be performed in a geotechnical laboratory.  The General Contractor 
shall submit the results of source evaluation tests to the Project Engineer.  Previous 
testing and evaluations of the soil sources may also be used to evaluate the soil material.  
The material shall be accepted or rejected by the Project Engineer according to these 
results.  The acceptance and rejection criteria for the clay liner material will be verified 
by the construction of a test pad in accordance with the construction specifications 
 
 
6.4.1 Quality Assurance Testing 
 
Permeability tests shall be performed at a confining pressure of 25 psi +/- 1 psi and with 
a gradient in accordance with ASTM method D5084.  Samples taken from each location 
shall be compared to the approved moisture-density-permeability relation.  Test 
frequencies for construction testing are given in Table 1 of Section 6.3.  The Resident 
CQA Engineer shall certify that the clay liner was constructed using the same methods 
and acceptance criteria consistent with test pad construction and tested according to the 
NCDENR Solid Waste Section approved plans.   
 
6.4.2  Test Pad Construction 
 
The test pad shall be constructed in accordance with the technical specifications.   The 
results of the test pad testing shall be in accordance with Table 1 in Section 6.3 and the 
previously approved moisture-density-permeability relationship established from 
preconstruction testing.  Field moisture and density tests and laboratory permeability 
tests will be performed by the Resident CQA Engineer for each lift placed on the test 
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pads to verify the construction method, equipment, and material to achieve the maximum 
required permeability for the clay liner.  If the contractor chooses to construct the test 
pads within the cell, all lifts of the test pads must pass to enable them to remain as part of 
the clay liner.  The Contractor shall allow sufficient time for construction and testing of 
the test pad prior to placement of the Compacted Clay Liner. 
 
6.4.3 Clay Liner Placement 
 
The clay liner shall be placed in accordance with Section 02300 of the technical 
specifications. 
 
6.4.4 Clay liner Acceptance 
 
The Resident CQA Engineer must approve the condition of the clay liner prior to the 
geosynthetic installer deploying the geomembrane.  
 
The soil components of the lining system will be approved by the Resident CQA 
Engineer when: 
 

1. The installation of the soil components is finished. 
 
2. Verification of the adequacy of the constructed components, including repairs, if 

any, is completed in accordance with this SSCQAP and the technical 
specifications. 

 
All documentation of installation is completed. 
 
The depth and grade of the clay liner has been verified by a licensed surveyor and has 

been approved by the project engineer. 
 
3. The appropriate frequency of permeability tests have been performed and the 

results have been approved by the Certifying CQA Engineer. 
 
4. The Soil QA Monitors shall certify that installation of the soil components has 

proceeded in accordance with this SSCQAP and the Technical Specifications. 
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6.5 Granular Drainage and Protective Layer 
 
The Granular Drainage and Protective Layer will be the twenty-four (24) inch layer of 
material placed directly over the liner system to provide protection for the liner system as 
well as a drainage conduit for leachate drainage.  The testing requirements are as follows: 
 

Testing Frequencies and Criteria for Granular Drainage and Protective Layer 
 

Preconstruction Qualification 

Test ASTM Method Quantity 

Moisture Content D2216 1 per source*** 
Grain Size D422 or D1140 1 per source*** 
Classification D2487 1 per source 
Calcium Carbonate D4373 1 per source 
Permeability D2434 1 per source 

***In addition to quarry certificate 

Construction Testing 

Test ASTM Method Quantity 

Grain Size D422 1/1,500 YD3 
Permeability D2434 1/6,000 YD3 

 
 
6.6.2 Placement 
 
Placement of the granular drainage layer shall be performed by a low ground pressure 
dozer and/or off-road dump truck not in direct contact with the geomembrane.  A 
minimum depth of 2 feet of drainage layer material must be maintained at all times 
during placement activities when vehicles other than the low ground pressure dozer are 
needed.  High traffic areas, such as access roads constructed to transport material into the 
landfill, should have a minimum depth of three (3) feet.   
 
The drainage layer shall be placed in the coolest part of the day when possible in order to 
reduce the potential for wrinkles forming in the geomembrane.  See Sections 1.4.2 and 
1.1.5 of Appendix B for information on evaluating and repairing wrinkles in the 
geomembrane. 
 
The Resident CQA Engineer will observe placement activities.  The General Contractor 
is to provide laborers ahead of drainage material placement to assist in minimizing 
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wrinkle formation of the geomembrane.  Temperature variations may impact the 
Contractor’s ability to place this material. 
 
6.6.3 Depth Verification 
 
CQA Monitor(s) will randomly verify granular drainage layer depth utilizing test pits or 
survey means.  A Surveyor licensed in the State of North Carolina will survey the top of 
the drainage layer to certify proper depth was achieved.  The General Contractor may use 
depth markers (i.e., painted tubes, flags, traffic cones, etc.) during placement to provide 
depth control and minimize possible damage to geomembrane.  Depth markers shall be 
removed as the drainage layer is completed.  Depth markers shall not be constructed of a 
material that could potentially puncture the geomembrane and shall be approved by the 
Project Engineer. 
 
7.0 LANDFILL CONSTRUCTION-GEOMEMBRANE 
 
7.1 Geomembrane Liner 
 
The geosynthetic components of the lining system will be approved by the Resident CQA 
Engineer when: 
 

The installation of the geosynthetic components has been completed in accordance 
with this SSCQAP and the Technical Specifications. 
 
Verification of the adequacy of all seams including associated testing and repairs, if 
any, is completed in accordance with this SSCQAP and the Technical Specifications. 
 
1. All documentation of installation is completed. 
 
2. The Geosynthetic CQA Monitor(s) are able to recommend acceptance. 

 
7.2 Geomembrane Quality Control 
 
The Geosynthetic Contractor/Manufacturer will provide geosynthetic quality control in 
accordance with Appendix A. 
 
7.3 Geomembrane Quality Assurance 
 
 7.3.1 Conformance Sampling 
 
Conformance testing will be done on-site as material arrives and is inventoried.  
Conformance sampling procedures will be in accordance with Appendix A. 
 
7.4 Geomembrane Seaming 
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Field seaming will be done in accordance with Appendix B. 
 
 7.4.1. Double Tracked Fusion Welding 
 
All seaming performed shall utilize the double-tracked fusion process when possible.  
Detailing and repairs do not require double tracked fusion welding. 
 
 7.4.2 Extrusion Welding 
 
Extrusion welding shall only be used when double-tracked fusion welding is not possible.  
The extrusion process will be utilized for repair or detail work, attaching temporary rain 
flaps, capping a failed seam, or completion of other appurtenances that cannot be 
performed with fusion welding. 
 
7.5 Geomembrane/Seam Repairs 
 
All repairs to the geomembrane or seams shall be done utilizing the extrusion welding 
process.  All repair work shall be conducted in accordance with Appendix B. 
 
7.6 Geotextile Quality Control 
 
The Geosynthetic Contractor/Manufacturer shall provide quality control information in 
accordance with Appendix C. 
 
7.7 Geotextile Quality Assurance 
 
Conformance sampling will be performed on-site as material arrives and is inventoried.  
All conformance sampling will be in accordance with Appendix C. 



Construction Quality Assurance Plan 
Macon County MSW Landfill 

Page 22 

8.0  LEACHATE COLLECTION PIPING 
 
8.1 Definition and Applicability 
 
Leachate Collection Piping pertains to the High Density Polyethylene Pipe (HDPE) pipe 
utilized in the collection and transmission of leachate and/or other contaminated liquids 
generated as a byproduct of the disposal of MSW.    
 
8.2 Quality Control Documentation 
 
Prior to the shipment of any HDPE pipe, the Manufacturer shall provide the Resident 
CQA Engineer with the following information: 
 

1. A specification for the HDPE pipe that includes all properties contained in the 
Project Technical Specifications measured using the appropriate test methods. 

 
2. At a minimum, results shall be given for the following: 

 
Property Test Method Frequency 

Relative Density ASTM D1505 Per Shipment 
Melt Index  ASTM D1238 Per Shipment 
Carbon Black Content ASTM D3350 Per Shipment 
Tensile Strength at Yield ASTM D638, Type IV Per Shipment 
Elastic Modulus ASTM D638 Per Shipment 
 
The Manufacturer shall identify all HDPE pipe products with the following: 
 
 Manufacturers Name 
 Product Identification 
 Size 
 SDR Rating 
 
The Resident CQA Engineer shall review these documents and shall report any 
discrepancies with the above requirements to the Project Engineer.  The Resident CQA 
Engineer shall verify that: 
 

Property values submitted by the Manufacturer meet the required Project 
Technical Specifications. 

 
Measurements of properties by the Manufacturer are properly documented and 
that the test methods used are acceptable. 

 
 HDPE pipe products are appropriately labeled. 
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Appendix A 
 
1.0 Geomembranes 
 
1.1 Description and Applicability 
 
Geomembranes are low permeability geosynthetic barriers used in lining systems.  This 
Section is applicable to smooth and textured high density polyethylene (HDPE) 
geomembranes.  This Section may need to be modified when using other geomembranes. 
 
1.2 Manufacturing Plant Inspection 
 
The Owner or other appropriate representative may conduct an inspection of the 
Manufacturer’s plant.  In addition, the Project Engineer, or his designated representative, 
may visit the manufacturing plant for a project-specific inspection if deemed necessary.  
If possible, the project-specific inspection shall be prior to or during the manufacturing of 
the geomembrane rolls for that particular project.  The purpose of the plant inspection is 
to review the manufacturing process and quality control procedures. 
 
The manufacturing plant inspection shall include: 
 

Verification that properties guaranteed by the manufacturer are met and meet all the 
project specifications. 

 
Verification that the measurement of properties by the Manufacturer is properly 

documented and test methods used are acceptable. 
 
Spot inspection of the rolls and verification that they are free of imperfections or any 

sign of contamination by foreign matter. 
 
Review of handling, storage, and transportation procedures, and verification that 

these procedures will not damage the geomembrane. 
 
Verification that roll packages have a label indicating the name of the manufacturer, 

type of geomembrane, thickness, roll number, and roll dimensions. 
 
Verification that extrusion rods and/or beads are produced from the same base resin 
type as the geomembrane. 

 
A report describing the inspection shall be retained by the Owner and by the Project 
Engineer for project-specific inspections. 
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1.3 Quality Control Documentation 
 
Prior to the shipment of any geomembrane, the Manufacturer shall provide the Resident 
CQA Engineer with the following information: 
 

1. The origin (supplier’s name and production plant) and identification 
(brand name and number) of the resin used to manufacture the 
geomembrane. 

 
2. Copies of dated quality control certificates issued by the resin supplier. 
 
3. Results of tests conducted by the Manufacturer to verify that the resin 

used to manufacture the geomembrane meets the project specifications. 
 
4. A statement indicating that the amount of reclaimed polymer added to the 

resin during manufacturing was done with appropriate cleanliness. 
 
5. A list of the materials that comprise the geomembrane, expressed in the 

following categories as percent by weight:  polyethylene, carbon black, 
other additives. 

 
6. A specification for the geomembrane that includes all properties contained 

in the project specifications measured using the appropriate test methods. 
 
7. Written certification that minimum values given in the specification are 

guaranteed by the Manufacturer. 
 
8. Quality control certificates, signed by a responsible party employed by the 

Manufacturer.  Each quality control certificate shall include roll 
identification numbers, testing procedures, and results of quality control 
tests.  At a minimum, results shall be given for the following: 

 

Property Test Method Frequency 

Thickness ASTM D-5199 (Smooth) 
ASTM D-5994 (Textured) 

Each Roll 

Relative Density ASTM D-1505 Every 5th roll 
Tensile Properties ASTM D6693 Type IV Every 5th roll 
Tear Resistance ASTM D1004 Die C Every 5th roll 
Puncture Resistance ASTM D-4833 Every 5th roll 
Carbon Black Content ASTM D-1603 Every 5th Roll 
Carbon Black Dispersion ASTM D-5596 Every 5th Roll 

 
The Manufacturer shall identify all rolls of geomembranes with the following: 
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Manufacturer’s name 
Product identification 
Thickness 
Roll number 
Roll dimensions 

 
The Resident CQA Engineer shall review these documents and shall report any 
discrepancies with the above requirements to the Project Engineer.  The Resident CQA 
Engineer shall verify that: 
 

Property values certified by the Manufacturer meet all of its guaranteed 
specifications. 
 
Measurements of properties by the Manufacturer are properly documented and that 
the test methods used are acceptable. 
 
Quality control certificates have been provided at the specified frequency for all rolls, 
and that each certificate identifies the rolls related to it. 
 
Rolls are appropriately labeled. 
 
Certified minimum properties meet the project specifications. 
 

 
1.4 Conformance Testing 
 
1.4.1 Sampling Procedures 
 
Upon delivery of the rolls of the geomembrane, the Resident CQA Engineer shall ensure 
that conformance test samples are obtained for the geomembrane.  The geomembrane 
rolls to be sampled shall be selected by the Resident CQA Engineer.  Samples shall be 
taken across the entire width of the roll judged by the Resident CQA Engineer not to be 
damaged.  Unless otherwise specified, samples shall be 3 ft (1 m) long by the roll width.  
The Resident CQA Engineer shall mark the machine direction on the samples with an 
arrow. 
 
A lot shall be defined as a group of consecutively numbered rolls from the same 
manufacturing line.  Alternatively, a lot may be designated by the Certifying CQA 
Engineer based on a review of all roll information including quality control 
documentation and manufacturing records. 
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If the Project Engineer desires, the Resident CQA Engineer can perform the conformance 
test sampling at the manufacturing plant.  This may be advantageous in expediting the 
installation process for very large projects. 
 
Unless otherwise specified in the project specifications, samples shall be taken at a rate 
of one per lot and not less than one per 100,000 ft2 (10,000 m2) of geomembrane.  These 
samples shall be forwarded to the Resident CQA Engineer for testing. 
 
1.4.2 Conformance Tests 
 
The following conformance tests shall be conducted: 
 

Relative Density (ASTM D-1505) 
Carbon black content (ASTM D-1603) 
Carbon black dispersion (ASTM D-5596) 
Thickness – Smooth (ASTM D-5199) 
Thickness - Textured (ASTM D-5994) 
Tensile properties (ASTM D-6693, Type IV) 

 
Other conformance tests may be required by the project specifications. 
 
1.4.3 Test Results 
 
All conformance test results shall be reviewed and accepted or rejected by the Certifying 
CQA Engineer prior to the deployment of the geomembrane.  The Certifying CQA 
Engineer shall examine all results from laboratory conformance testing and shall report 
any non-conformance to the Project Engineer.  The Certifying CQA Engineer shall be 
responsible for checking that all test results meet or exceed the property values listed in 
the project specifications. 
 
If a test result is in nonconformance, all material from the lot represented by the failing 
test shall be considered out-of-specification and rejected.  Alternatively, at the option of 
the Project Engineer, additional conformance test samples may be taken to “bracket” the 
portion of the lot not meeting the project specification.  This procedure is valid only 
when all rolls in the lot are consecutively produced and numbered from one 
manufacturing line.  To isolate the out-of-specification material, additional samples must 
be taken from rolls that have roll numbers immediately adjacent to the roll that was 
sampled and failed.  If both additional tests pass, the roll that represents the initial failed 
test and the roll manufactured immediately after that roll (next large roll number) shall be 
rejected.  If one or both of the additional tests fail, then the entire lot shall be rejected or 
the procedure repeated with two additional tests that bracket a greater number of rolls 
within the lot. 
 
1.5  Geomembrane Specifications 
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1.5.1   Materials 
 
The geomembrane materials used for construction shall be in strict accordance with the 
technical specifications. 

  
1.5.2 Construction 
 
The geomembrane liner shall be installed as soon as practical after completion and 
approval of the compacted clay liner or portion thereof.  The top of the compacted clay 
liner will be surveyed to ensure adequate thickness of clay material and proper grades 
toward the collection sump area have been achieved.  The geomembrane is to cover the 
bottom of the secure cell and the side slopes in accordance with the Contract Drawings. 
 
Areas to receive liner installation should be relatively smooth and even, free of ruts, 
voids, etc., to the extent required by the Engineer.  This shall be accomplished by final 
dressing of the compacted liner with smooth drum rollers.  No vehicles are permitted on 
final dressed surfaces unless authorized by the Engineer. 
 
An anchor trench (as illustrated on the Contract Drawings) will be required to secure the 
geomembrane.  No loose soil will be allowed to underlie the geomembrane in the anchor 
trenches.  The time schedule for excavation and backfilling of the anchor trenches is to be 
approved by the Engineer so that desiccation of trench soils does not occur prior to 
backfilling. 

 
Before the geomembrane installation begins, the Resident CQA Engineer shall verify 
that: 
 
1) A State of North Carolina licensed Professional Land Surveyor has verified all lines 

and grades of the compacted clay liner. 
 

2) A qualified and licensed Professional Engineer has verified that the clay liner surface 
meets the criteria specified in the project specifications. 
 

3) The clay liner surface to be lined has been rolled, compacted, or hand-worked so as to 
be free of irregularities, protrusions, loose soil, and abrupt changes in grade. 
 

4) The surface of the clay liner does not contain stones, which may be damaging to the 
geomembrane. 
 

5) There is no area excessively softened by high water content. 
 

6) There is no area where the clay liner surface contains desiccation cracks, which may 
damage the geomembrane. 
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7) The clay liner has sufficient thickness and that all permeability tests have not 
exceeded the specified maximum permeability. 
 

8) The geomembrane to be deployed has an absolute minimum thickness of 60 mils and 
passing conformance samples at the frequencies specified in Section 1.4.1 of this 
Appendix B and be documented . 

 
The Installer shall certify in writing that the surface on which the geomembrane will be 
installed is acceptable.  A certificate of acceptance shall be given by the Installer to the 
Resident CQA Engineer prior to commencement of geomembrane deployment in the area 
under consideration.  The Certifying CQA Engineer shall be given a copy of this 
certificate by the Resident CQA Engineer. 
 
After the underlying soil has been accepted by the Installer, it is the Installer’s 
responsibility to indicate to the General Contractor any change in the underlying soil 
condition that may require repair work.  The General Contractor will consult with the 
Resident CQA Engineer regarding the need for repairs.  If the Resident CQA Engineer 
concurs with the Installer, the General Contractor shall ensure that the underlying soil is 
repaired. 
 
At any time before or during the geomembrane installation, the Resident CQA Engineer 
shall indicate to the General Contractor any locations which may not be adequately 
prepared for the geomembrane. 
 
The Resident CQA Engineer shall verify that the anchor trench is constructed in 
accordance with the following: 
 

1) The anchor trench has been constructed according to the project plans and 
specifications. 

 
2) If the anchor trench is excavated in a clay material susceptible to desiccation, the 

amount of trench open at any time is minimized.  The Resident CQA Engineer 
shall inform the Contractor and Project Engineer of any signs of significant 
desiccation associated with the anchor trench construction. 

 
3) Rounded corners are provided in the trench so as to avoid sharp bends in the 

geomembrane. 
 
4) Excessive amounts of loose soil are not allowed to underlie the geomembrane in 

the anchor trench. 
 
5) The anchor trench is adequately drained to prevent ponding or softening of the 

adjacent soils while the trench is open. 
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6) The anchor trench is backfilled and compacted as outlined in the project 
specifications. 

 
Care shall be taken when backfilling the trenches to prevent any damage to the 
geosynthetic components.  The Resident CQA Engineer shall observe the backfilling 
operation and advise the Contractor and Project Engineer of any problems.  Any 
problems shall be documented by the Resident CQA Engineer in his daily report. 
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Appendix B 
 
1.0 Field Seaming 
 
 1.1.1 Seam Layout 
 
Before installation begins, the Installer shall provide the Resident CQA Engineer and the 
Project Engineer with a panel layout drawing.  This drawing shall present all the 
proposed seams of the lining system at the facility.  The Project Engineer and the 
Resident CQA Engineer shall review the panel layout drawing and verify that it is 
consistent with the technical specifications and the Division approved plans.  No panels 
may be seamed until written approval of the panel layout drawing has been provided by 
the Project Engineer.  In addition, panels not specifically shown on the panel layout 
drawing may not be used without the Project Engineer’s prior approval. 
 
In general, seams should be oriented parallel to the line of maximum slope, thus, oriented 
along, not across, the slope.  In corners and odd-shaped geometric locations, the number 
of seams should be minimized.  No horizontal seam should be less than 10 ft (3.0m) from 
the toe or crest of the slope, or areas of potential stress concentrations, unless otherwise 
authorized by the Project Manager. 
 
A seam numbering system compatible with the panel numbering system shall be used by 
the Resident CQA Engineer and the CQA monitors. 
 
1.1.2 Accepted Seaming Methods 
 
Approved processes for field seaming are fusion welding and extrusion welding.  
Proposed alternate processes shall be documented and submitted by the Installer to the 
Project Engineer for approval.  Only apparatuses that have been specifically approved by 
make and model shall be used.  The Contractor shall submit all documentation regarding 
seaming methods to be used to the Resident CQA Engineer for review. 
 
1.1.2.1 Fusion Process 
 
The CQA monitor shall log ambient temperature, seaming apparatus, and geomembrane 
surface temperatures at appropriate intervals and report any noncompliances to the 
Resident CQA Engineer. 
 
The Resident CQA Engineer shall verify that: 
 

The Installer maintains on-site the number of spare operable seaming apparatuses 
agreed upon at the pre-construction meeting. 

 
Equipment used for seaming is not likely to damage the geomembrane. 
 



Construction Quality Assurance Plan 
Macon County MSW Landfill 

Page 31 

The electric generator is placed on a smooth base such that no damage occurs to the 
geomembrane. 

 
A smooth insulating plate or fabric is placed beneath the hot welding apparatus after 

usage such that no damage occurs to the geomembrane. 
 
1. A movable protective layer is used as required by the Installer directly below each 

overlap of geomembrane that is to be seamed to prevent buildup of moisture 
between the sheets and to prevent debris from collecting around the pressure 
rollers. 

 
2. In general, the geomembrane panels are aligned to have an overlap of 4 to 6 in 

(100 mm to 150 mm) for fusion welding.  In any event, the final overlap shall be 
sufficient to allow peel tests to be performed on the seam. 

 
3. No solvent or adhesive is used. 
 
4. The geomembrane is protected from damage in heavy traffic areas. 

 
1.1.2.2 Extrusion Process 
 
The CQA monitor shall log ambient temperature, seaming apparatus, and geomembrane 
surface temperatures at appropriate intervals and report any noncompliances to the 
Resident CQA Engineer. 
 
The Resident CQA Engineer shall verify that: 
 

The Installer maintains on-site the number of spare operable seaming apparatuses 
agreed upon at the pre-construction meeting. 

 
Equipment used for seaming is not likely to damage the geomembrane. 
 
Prior to beginning a seam, the extruder is purged until all heat-degraded extrudate has 

been removed from the extruder barrel. 
 
Clean and dry welding rods or extrudate pellets are used. 
 
The electric generator is placed on a smooth base such that no damage occurs to the 

geomembrane. 
 
Grinding is completed no more than one hour prior to seaming. 
 
A smooth insulating plate or fabric is placed beneath the hot welding apparatus after 

usage such that no damage occurs. 
 



Construction Quality Assurance Plan 
Macon County MSW Landfill 

Page 32 

The geomembrane is protected from damage in heavy traffic areas. 
 
Exposed grinding marks adjacent to an extrusion weld shall be minimized.  In no 

instance shall exposed grinding marks extend more than 1/8 in (6 mm) from the 
finished seamed area. 

 
In general, the geomembrane panels are aligned to have a nominal overlap of 3 in (75 

mm) for extrusion welding.  In any event, the final overlap shall be sufficient to 
allow peel tests to be performed on the seam. 

 
No solvent or adhesive is used. 
 
The procedure used to temporarily bond adjacent panels together does not damage the 

geomembrane; in particular, the temperature of hot air at the nozzle of any 
temporary welding apparatus is controlled such that the geomembrane is not 
damaged 

 
1.1.3 Seam Preparation 
 
The CQA monitors shall verify that prior to seaming, the seam area is clean and free of 
moisture, dust, dirt, debris or foreign material of any kind.  If seam overlap grinding is 
required, the CQA monitors must ensure that the process is completed according to the 
Manufacturer’s instruction within one hour of the seaming operation, and in a way that 
does not damage the geomembrane.  The CQA monitors shall also verify that seams are 
aligned with the fewest number of wrinkles and “fishmouths”. 
 
1.1.4 Test Seams 
 
Trial seams shall be made on fragment pieces of geomembrane liner to verify that 
conditions are adequate for production seaming.  Trial seams shall be performed in 
accordance with Section 02620 of the technical specifications.  
 
1.1.5 General Seaming Procedures 
 
During general seaming, the CQA monitors shall ensure the following: 
 

Fishmouths or wrinkles at the seam overlaps shall be cut along the ridge of the 
wrinkle in order to achieve a flat overlap.  The cut fishmouths or wrinkles shall be 
seamed and any portion where the overlap is inadequate shall then be patched with an 
oval or round patch of the same geomembrane extending a minimum of 6 in (150 
mm) beyond the cut in all directions. 
 
If seaming operations are carried out at night, adequate illumination shall be 
provided. 
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Seaming shall extend to the outside edge of panels placed in the anchor trench. 
 
All cross seam tees should be extrusion welded to a minimum distance of 4 in (100 
mm) on each side of the tee. 
 
No field seaming shall take place without the Master Seamer being present. 
 
A firm substrate may be required to be provided by using a flat board, a conveyor 
belt, or similar hard surface directly under the seam overlap to achieve proper 
support. 

 
The Resident CQA Engineer shall verify that the above seaming procedures or any other 
procedures agreed upon and indicated in the Preconstruction Meeting or construction 
progress meetings are followed, and shall inform the Project Engineer of any 
nonconformance. 
 
 1.1.6 Seaming Weather Conditions 
 
 1.1.6.1 Cold Weather Conditions 
 
To ensure a quality installation, if seaming is conducted when the ambient temperature is 
below 40°F (5°C), the following conditions shall be met: 
 

Geomembrane surface temperatures shall be determined by the Resident CQA 
Engineer at intervals of at least once per 100 feet (30 m) of seam length to determine 
if preheating is required.  For extrusion welding, preheating is required if the surface 
temperature of the geomembrane is below 41°F (5°C). 
 
1. For fusion welding, preheating may be waived by the Project Engineer based on a 

recommendation from the Resident CQA Engineer, if the Installer demonstrates 
to their satisfaction that welds of equivalent quality may be obtained without 
preheating at the expected temperature of installation. 

 
2. If preheating is required, the CQA monitors shall observe all areas of 

geomembrane that have been preheated by a hot air device prior to seaming, to 
ensure that they have not been overheated.   

 
3. Care shall be taken to confirm that the surface temperatures are not lowered 

below the minimum surface temperatures specified for welding due to winds or 
other adverse conditions.  It may be necessary to provide wind protection for the 
seam area. 

 
4. All preheating devices shall be approved prior to use by the Resident CQA 

Engineer. 
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Additional destructive tests shall be taken at an interval between 250 feet and 500 feet 
75 to 150 m) of seam length, at the discretion of the Resident CQA Engineer. 

 
Sheet grinding may be performed before preheating, if applicable. 
 
Test seams shall be conducted under the same ambient temperature and preheating 
conditions as the production seams.  Under cold weather conditions, additional trial 
seams shall be conducted if the ambient temperature drops by more than 10°F from 
the initial trial seam test conditions.  Such new seams shall be constructed upon 
completion of seams in progress during temperature drop. 

 
 1.1.6.2 Warm Weather Conditions 
 
At ambient temperatures above 104°F, no seaming of the geomembrane shall be 
permitted unless the Installer can demonstrate to the satisfaction of the Resident CQA 
Engineer that geomembrane seam quality is not compromised.  Test seams shall be 
conducted under the same ambient temperature conditions as the production seams.  At 
the option of the Resident CQA Engineer, additional destructive tests may be required for 
any suspect areas. 
 
1.2 Nondestructive Seam Testing 
 
1.2.1 Concept 
 
The Installer shall nondestructively test all field seams over their full length using an air 
pressure test (for double fusion seams only, a vacuum test or other approved method.  Air 
pressure testing and vacuum testing are described elsewhere respectively.  The purpose 
of nondestructive tests is to check the continuity of seams.  It does not provide quantity 
information on seam strength.  Nondestructive testing shall be carried out as the seaming 
work progresses, not at the completion of all field seaming. 
 
For all seams, the CQA monitors shall: 
 

Observe nondestructive testing procedures. 
 
Record location, data, test unit number, name of tester, and outcome of all testing. 
 
Inform the Installer and Resident CQA Engineer of any required repairs. 

 
Any seams that cannot be nondestructively tested shall be cap-stripped.  The cap-
stripping operations shall be observed by the Resident CQA Engineer and Installer for 
uniformity and completeness. 
 
1.2.2 Air Pressure Testing 
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Air pressure testing is applicable to double fusion welding which produces a double seam 
with an enclosed space. 
 

The Equipment for air pressure testing shall consist of the following: 
 

An air pump (manual or motor driven), equipped with pressure gauge and 
capable of generating and sustaining a pressure between 25 and 30 
psi (160 and 200 kPa) and mounted on a cushion to protect the 
geomembrane. 

 
A rubber hose with fittings and connections. 
 
A sharp hollow needle, or other pressure feed device, approved by the 

Resident CQA Engineer. 
 

The following procedures shall be followed: 
 

Seal both ends of the seam to be tested. 
 
Insert needle or other approved pressure feed device into the air channel 

created by the fusion weld. 
 
Insert a protective cushion between the air pump and the geomembrane. 
 
Pressurize the air channel to a pressure of approximately 30 psi (200 Kpa).  

Close valve, allow 2 minutes for pressure to stabilize, and sustain 
pressure for at least 5 minutes.  Pressure loss over the 5-minute 
period should not exceed 3psi. 

 
If loss of pressure exceeds the maximum permissible pressure differential 

as outlined in the project specifications or does not stabilize, locate 
fault area and repair in accordance with Section 1.4.3. 

 
Cut opposite end of tested seam area once testing is complete to verify 

continuity of the air channel.  If air does not escape, locate 
blockage and retest unpressurized area.   

 
Remove needle or other approved pressure feed device and grind and weld 

or patch the hole in the geomembrane. 
 
1.2.3 Vacuum Testing 
 
Vacuum testing is applicable to extrusion welding. 
 

The equipment shall consist of the following: 
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A vacuum box assembly consisting of a rigid housing, a transparent 

viewing window, a soft neoprene gasket attached to the bottom, a 
porthole or valve assembly, and a vacuum gauge. 

 
A pump assembly equipped with a pressure controller and pipe 

connections. 
 
A rubber pressure/vacuum hose with fittings and connections. 
 
A soapy solution.  (CQA monitors shall ensure solution makes bubbles 

when air is passed through.) 
 
A bucket and wide paint brush, or other means of applying the soapy 

solution. 
 

The following procedures shall be followed: 
 

Wet a strip of geomembrane approximately 12 in X 48 in (0.3 m X 1.2 m) 
with the soapy solution. 

 
Place the box over the wetted area. 
 
Close the bleed valve and open the vacuum valve. 
 
Ensure that a leak-tight seal is created. 
 
Energize the vacuum pump and reduce the applied pressure to 

approximately 5 psi (10 in of Hg/35kPa) gauge. 
 
For a minimum of 10 seconds, apply vacuum with the box placed and 

maintaining a seal, examine the geomembrane through the viewing 
window for the presence of soap bubbles. 

 
If no bubble appears after 10 seconds, close the vacuum valve and open 

the bleed valve, move the box over the next adjoining area with a 
minimum 3 in (75 mm) overlap, and repeat the process. 

 
All areas where soap bubbles appear shall be marked and repaired in 

accordance with Section 1.4.3. 
 
1.2.4 Test Failure Procedures 
 
The Installer shall complete any required repairs in accordance with Section 1.4.3.  For 
repairs, the CQA monitor shall: 
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Observe the repair and testing of the repair. 
 
Mark on the geomembrane that the repair has been made. 
 
Document the repair procedures and test results. 

 
1.3 Destructive Seam Testing 
 
1.3.1 Concept 
 
The purpose of destructive tests is to evaluate seam strength.  Destructive seam tests shall 
be performed at selected locations.  Seam strength testing shall be done as the seaming 
work progresses, not at the completion of all field seaming. 
 
1.3.2 Location and Frequency 
 
The Resident CQA Engineer shall select where seam samples will be cut out for 
laboratory testing.  The frequency and locations shall be established as follows: 
 

A minimum frequency of one test location per 500 feet (150 m) of seam length 
performed by each welding machine.  This frequency is to be determined as an 
average taken throughout the entire facility. 

 
Test locations shall be determined during seaming at the discretion of the Resident 

CQA Engineer or the Project Engineer.  Special consideration shall be given to 
locations where the potential for imperfect welding, such as overheating, 
contamination, and offset welds exists. 

 
 
1.3.3 Sampling Procedures 
 
Samples shall be cut by the Installer at locations chosen by the Resident CQA Engineer 
as the seaming progresses so that laboratory test results are available before the 
geomembrane is covered by another material.  The Resident CQA Engineer shall: 
 

Observe sample cutting. 
 
1. Assign a number to each sample, and mark it accordingly. 
 
2. Record sample location on layout drawing. 
 
3. Record reason for taking the sample at this location (e.g., statistical routine, 

suspicious feature of the geomembrane). 
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All holes in the geomembrane resulting from destructive seam sampling shall be repaired 
in accordance with repair procedures described in Section 1.4.3 immediately following 
receipt of successful test results.  The continuity of the new seams in the repaired area 
shall be tested according to Section 1.2.3.  All holes in the geomembrane shall be 
temporarily patched or repaired in accordance with Section 1.4.3 before the end of each 
work day in order to protect the clay liner from inclement weather. 
 
1.3.4 Sampling Procedure 
 
Destructive sampling shall be performed in accordance with Section 02620 of the 
technical specifications. 
 
1.3.5 Field Testing  
 
Destructive field testing shall be performed in accordance with Section 02620 of the 
technical specifications. 
 
1.3.6 Destructive Test Failure 
 
Destructive test failures shall be handled in accordance with Section 02620 of the 
technical specifications. 
 
1.4 Defects and Repairs 
 
1.4.1 Identification 
 
All seams and non-seam areas of the geomembrane shall be examined by the CQA 
monitors for identification of defects, holes, blisters, undispersed raw materials, large 
wrinkles and any sign of contamination by foreign matter.  The geomembrane surface 
shall be cleaned by the Installer prior to examination if the CQA monitor determines that 
the amount of dust or mud inhibits examination.  
 
1.4.2 Evaluation 
 
Each suspect location both in seam and non-seam areas shall be nondestructively tested 
using the methods described in Section 1.2.  Each location which fails the nondestructive 
testing shall be marked by the CQA monitor and repaired by the Installer.  Work shall not 
proceed with any materials that will cover locations that have been repaired until 
successful nondestructive and/or laboratory tests are obtained.  
 
When seaming of the geomembrane is completed, and prior to placing overlying 
materials, the Resident CQA Engineer shall indicate to the General Contractor any large 
wrinkles that should be cut and reseamed by the Installer.  The number of wrinkles to be 
repaired should be kept to an absolute minimum.  Therefore, wrinkles should be located 
during the coldest part of the installation period, while keeping in mind the forecasted 
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weather to which the undercover geomembrane may be exposed.  Wrinkles are 
considered to be large when the geomembrane can be folded over onto itself which is 
generally a wrinkle that extends 12 in (0.3 m) from the subgrade.  Seams produced while 
repairing wrinkles shall be nondestructively tested.  
 
When placing overlying material on the geomembrane, every effort must be made to 
minimize wrinkle development.  If possible, cover should be placed during the coolest 
weather.  In addition, small wrinkles should be isolated and covered as quickly as 
possible to prevent their growth.  The placement of cover materials shall be observed by 
McGill Associates or a CQA monitor to ensure that wrinkle formation is minimized and 
that, in all cases, the geomembrane is not folded over on itself. 
 
1.4.3 Repair Procedures 
 
Any portion of the geomembrane exhibiting a flaw, or failing a destructive or 
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 determined by 
the Project Engineer and the Resident CQA Engineer.  
 

1. The repair procedures available include: 
 

a. Patching, used to repair holes, tears, undispersed raw materials, 
and contamination by foreign matter. 

 
b. Spot welding used to repair pinholes, or other minor, localized 

flaws. 
 
c. Capping, used to repair large lengths of failed seams.  
 
d. Extrusion welding the flap, used to repair areas of inadequate 

fusion seams which have an exposed edge.  Repairs of this type 
shall be approved by Resident CQA Engineer and shall not exceed 
100 ft (30 m) in total length.  

 
e. Removing bad seam and replacing with a strip of new material 

welded into place.  
 

2. For any repair method, the following provisions shall be satisfied: 
 

a. Surfaces of the geomembrane which are to be repaired using 
extrusion methods shall be ground no more than one hour prior to 
the repair.  

 
b. All surfaces shall be clean and dry at the time of the repair.  
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c. All seaming equipment used in repairing procedures shall meet the 
requirements of this SSCQAP. 

 
d. Patches or caps shall extend at least 6 in (150 mm) beyond the 

edge of the defect, and all corners of patches shall be rounded with 
a radius of approximately 3 in (75 mm).  

 
1.4.4 Repair Verification 
 
The CQA monitors shall observe all nondestructive testing of repairs and shall record the 
number of each repair, date and test outcome.  Each repair shall be nondestructively 
tested using the method described in Section 1.2 as appropriate.  Repairs that pass the 
nondestructive test shall be taken as an indication of an adequate repair.  Repairs more 
than 500 ft (50 m) long require destructive test sampling.  Failed tests require that the 
repair shall be redone and re-tested until a passing test results. 
 
 
1.5 Geomembrane Protection 
 
The quality assurance procedures indicated in this Section are intended only to assure 
that the installation of adjacent materials does not damage the geomembrane.  The quality 
assurance of the adjacent materials themselves are covered in separate Sections of this 
manual.  
 
1.5.1 Soils 
 

1. Placement of gravel on the geomembrane shall not proceed at an ambient 
temperature below 32 degrees F (0 degrees C) nor above 104 degrees F (40 
degrees C) unless otherwise specified.  

 
2. Placement of gravel on the geomembrane should be done during the coolest part 

of the day to minimize the development of wrinkles in the geomembrane.  
 
3. Equipment used for placing gravel shall not be driven directly on the 

geomembrane.  
 
4. A minimum thickness of 24 inches of gravel shall be maintained between the 

geotextile cushion and the top of the drainage layer  Off-road trucks shall have a 
minimum thickness of 3 feet between them and the geomembrane/geotextile 
cushion. 

 
5. In any areas traversed by heavy construction, any vehicles other than low ground 

pressure vehicles approved by the Project Engineer, the gravel layer shall have a 
minimum thickness of 3 ft (09 m).  This requirement may be waived if provisions 
are made to protect the geomembrane through an engineered design approved by 
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the Project Engineer.  Drivers shall proceed with caution when traveling on the 
overlying gravel and prevent spinning of tires or sharp turns.  

 
6. Leachate collection pipes shall not be crossed with construction equipment 

without the full two (2) feet of stone in place.  In areas where off-road trucks must 
repeatedly cross the leachate piping, a temporary stone road shall be build to 
bridge over the pipe and maintain a minimum thickness of three (3) feet. 

 
7. Care shall be taken to avoid creating wrinkles in the geomembrane during 

placement of the gravel layer.  
 

1.5.2 Sumps and Appurtenances 
 
The sumps shall be constructed in accordance with the technical specifications and the 
Resident CQA Engineer shall certify the following: 
 

1. Installation of the geomembrane, sumps, equipment, and appurtenant areas has 
been performed properly, and connections of geomembrane to sumps and 
appurtenances have been made according to project specifications.  

 
2. Extreme care is taken while welding around appurtenances since nondestructive 

testing will be difficult in these areas.  
 
3. The geomembrane has not been visibly damaged while making connections to 

sumps and appurtenances.  
 
4. The Resident CQA Engineer or his representative shall be present at all times 

when the Installer is welding geomembrane to appurtenant structures.  
 
The Resident CQA Engineer shall inform the Project Engineer in writing if the above 
conditions are not fulfilled.  
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Appendix C 
 
1.0 Geotextiles 
 
1.1 Definition and Applicability 
 
Geotextiles are used in protection and filtering applications in lining systems.  This 
Section does not describe procedures for other applications such as erosion control or 
reinforcement.  This Section is applicable to nonwoven geotextiles made of polyester of 
polypropylene and not applicable to nonwoven geotextiles made of other materials or 
woven geotextiles.  
 
1.2 Manufacturing Plant Inspection 
 
The Owner or an appropriate representative may conduct a periodic inspection of the 
Manufacturer’s plant.  In addition, the Project Engineer or his designated representative 
may visit the manufacturing plant for a project-specific inspection if deemed necessary.  
If possible, the project-specific inspection shall be prior to or during the manufacturing of 
the geotextile rolls for that particular project.  The purpose of the plant inspections is to 
review the manufacturing process and quality control procedures.  
 
The manufacturing plant inspection shall include: 
 

1. Verification that properties of the geotextile guaranteed by the Manufacturer are 
met and meet the project specifications.  

 
2. Verification that the measurement of properties by the manufacturer is properly 

documented and test methods used are acceptable.  
 
3. Inspection of the rolls and verification that they are free of imperfections or any 

sign of contamination by foreign matter. 
 
4. Review of packaging, handling, storage, and transportation procedures and 

verification that these procedures will not damage the geotextile. 
 
5. Verification that roll packages have a label indicating the name of the 

manufacturer, type of geotextile, roll number and roll dimensions.  
 
6. Verification that the geotextiles are inspected continuously for the presence of 

needles using a metal detector.  
 
A report describing the inspection will be retained by the Owner for periodic inspections 
and by the Project Engineer for project-specific inspections.  
 
1.3 Quality Control Documentation 



Construction Quality Assurance Plan 
Macon County MSW Landfill 

Page 43 

 
Prior to the shipment of any geotextile, the Manufacturer shall provide the Resident CQA 
Engineer with the following information: 
 

1. Results of tests conducted by the Manufacturer to verify that the material used to 
manufacture the geotextile meets the project specifications. 

 
2. A specification for the geotextile that includes all properties contained in the 

Project Technical Specifications were measured using the appropriate test 
methods. 

 
3. Written certification that minimum values given in the Project Technical 

Specifications are guaranteed by the Manufacturer. 
 

4. Quality control certificates, signed by a responsible party employed by the 
Manufacturer.  Each quality control certificate shall include roll identification 
numbers, testing procedures, and the results of quality control tests.  At a 
minimum, results shall be given for the following: 

 
Property Test Method Frequency 

Mass per Unit Area ASTM D-5261 Each Roll 
Grab Tensile Strength ASTM D-4632 Every 5th Roll 
Grab Tensile Elongation ASTM D-4632 Every 5th Roll 
Puncture (pin) Strength ASTM D-4833 Every 5th Roll 
Apparent Opening Size 
(AOS) 

ASTM D-4751 Every 5th Roll 

 
The Manufacturer shall identify all rolls of geotextiles with the following: 
 

Manufacturer’s name 
Product identification 
Thickness 
Roll number 
Roll dimensions 

 
The Resident CQA Engineer shall review these documents and shall report any 
discrepancies with the above requirements to the Project Engineer.  The Resident CQA 
Engineer shall verify that: 
 

Property values certified by the Manufacturer meet all of its guaranteed 
specifications. 
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Measurements of properties by the Manufacturer are properly documented and that 
the test methods used are acceptable. 
 
Quality control certificates have been provided at the specified frequency for all rolls, 
and that each certificate identifies the rolls related to it. 
 
Rolls are appropriately labeled. 
 
Certified minimum properties meet the project specifications. 

 
 
1.4 Conformance Testing 
 
1.4.1 Sampling Procedures 
 
Upon delivery of the rolls of geotextiles, the Resident CQA Engineer shall ensure that 
conformance test samples are obtained for the geotextile.  The rolls to be sampled shall 
be selected by the Resident CQA Engineer.  Samples shall be taken from any portion of a 
roll that has not been damaged.  Unless otherwise specified, samples shall be 3 ft (1 m) 
long by the roll width.  The Resident CQA Engineer shall mark the machine direction on 
the samples with an arrow.  All lots of material and the particular test sample that 
represents each lot should be defined before the samples are taken.  
 
A lot shall be defined as a group of consecutively numbered rolls from the same 
manufacturing line.  Alternatively, a lot may be designated by the Certifying CQA 
Engineer based on a review of all roll information including quality control 
documentation and manufacturing records.  
 
Unless otherwise specified in the project specifications, samples shall be taken at a rate 
of one per lot, not to be less than one per 100,000 ft2  of geotextile.  These samples shall 
then be forwarded to the Geosynthetic laboratory for testing to ensure conformance with 
the project specifications.  
 
1.4.2  Conformance Tests 
 
The following conformance tests shall be conducted; 
 
 Mass per Unit Area (ASTM D5261) 
 Grab Tensile Strength (ASTM D4632) 
 Grab Tensile Elongation (ASTM D4632) 
 Puncture Strength (ASTM D4833) 
 Apparent Opening Size (ASTN D4751) 
 
1.4.3 Test Results 
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All conformance test results shall be reviewed and accepted or rejected by the Certifying 
CQA Engineer prior to the deployment of the geotextile.  The Certifying CQA Engineer 
shall examine all results from laboratory conformance testing and shall report any non-
conformance to the Project Engineer.  The Certifying CQA Engineer shall be responsible 
for checking that all test results meet or exceed the property values listed in the project 
specifications. 
 
If a test result is in nonconformance, all material from the lot represented by the failing 
test shall be considered out-of-specification and rejected.  Alternatively, at the option of 
the Project Engineer, additional conformance test samples may be taken to “bracket” the 
portion of the lot not meeting the project specification.  This procedure is valid only 
when all rolls in the lot are consecutively produced and numbered from one 
manufacturing line.  To isolate the out-of-specification material, additional samples must 
be taken from rolls that have roll numbers immediately adjacent to the roll that was 
sampled and failed.  If both additional tests pass, the roll that represents the initial failed 
test and the roll manufactured immediately after that roll (next large roll number) shall be 
rejected.  If one or both of the additional tests fail, then the entire lot shall be rejected or 
the procedure repeated with two additional tests that bracket a greater number of rolls 
within the lot. 
 
 
 
2.0 Geocomposites 
 
2.1 Definition and Applicability 
 
Geocomposites are geosynthetic nets with geotextile heat bonded to the surface.  The 
geocomposite can be single-sided or double-sided depending on the application.  They 
are used as a drainage medium in lining systems, where the properties of the geotextile 
can either serve as a filter media from clogging the geonet or increase stability of the 
lining system.  This Section is applicable to geocomposites where the geonet portion is 
made of high density polyethylene (HDPE), including “foamed” HDPE products but is 
not applicable to geocomposites where the geonet is made of other polymers.  
 
2.2 Manufacturing Plant Inspection 
 
The Owner or appropriate representative may conduct a periodic inspection of the 
Manufacturer’s plant.  In addition, the Project Engineer, or his designated representative 
may visit the manufacturing plant for a project-specific inspection if deemed necessary.  
If possible, the project-specific inspection shall be prior to or during the manufacturing of 
the geocomposite rolls for that particular project.  The purpose of the inspection is to 
review the manufacturing process and quality control procedures. 
 
The manufacturing plant inspection shall include: 
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Verification that properties guaranteed by the Manufacturer are met and meet all project 
specifications.  
 

1. Verification that properties guaranteed by the Manufacturer are met and meet all 
Project Technical Specifications. 

 
2. Verification that the measurement of properties by the Manufacturer is properly 

documented and test methods used are acceptable.  
 
3. Spot inspection of the rolls and verification that they are free of imperfections or 

any sign of contamination by foreign matter.  
 
4. Review of packaging, handling, storage, and transportation procedures and   

verification that these procedures will not damage the geocomposite. 
 
5. Verification that the geotextiles are inspected continuously for the presence of 

needles using a metal detector.  
 
6. Verifications that roll packages have a label indicating the name of the 

manufacturer, type of geocomposite, roll number and roll dimensions.  
 
A report describing the inspection will be retained by the Owner for periodic inspections 
and by the Project Engineer for project-specific inspections.  
 
2.3 Production 
 
The geocomposite shall be manufactured by heat bonding the geotextile to the HDPE 
drainage net on one or both sides.  No burn through geotextiles shall be permitted.  No 
glue or adhesive shall be permitted. 
 
The geonet portion of the geocomposite shall be manufactured by extruding two sets of 
strands to form a three (3) dimensional structure to provide planar water flow. 
 
2.4 Quality Control Documentation 
 
Prior to the shipment of any geocomposite, the Manufacturer shall provide the Resident 
CQA Engineer with the following information: 
 

1. The origin (supplier’s name and production plant) and identification (brand name 
and number) of the resin used for geonet.  

 
2. Copies of dated quality control certificates issued by the geonet resin supplier. 
 
3.  Results of tests conducted by the Manufacturer to verify that the resin used to 

manufacture the geonet meets the Project Technical Specifications. 
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4. A statement indicating that the amount of any reclaimed polymer added to the 

resin during manufacturing was done with appropriate cleanliness. 
 

5. A list of the materials that comprise the geonet, expressed in the following 
categories as a percent by weight: polyethylene, carbon black, other additives. 

 
6. Results of tests conducted by the Manufacturer to verify that the material used to 

manufacture the geotextile meets the Project Technical Specifications. 
 

7. A specification for the geocomposite that includes all properties contained in the 
Project Technical Specifications measured using the appropriate test methods. 

 
8. Written certification that minimum values given in the Project Technical 

Specification are guaranteed by the Manufacturer. 
 

9. Quality control certificates, signed by a responsible party employed by the 
Manufacturer.  Each quality control certificate shall include roll identification 
numbers, testing procedures, and results of quality control tests.  At a minimum, 
results shall be given for the following:  

 
 

GEONET COMPONENT 
Property Test Method Frequency 

Density ASTM D1505 or ASTM 
D792, Method B 

Every 5th Roll 

Thickness ASTM D5199 Each Roll 
Carbon Black Content ASTM D1603 Every 5th Roll 
Peak Tensile Strength ASTM D5035 Every 5th Roll 
Transmissivity (MARV) ASTM D4716 Every 5th Roll 
   

GEOTEXTILE COMPONENT 
Property Test Method Frequency 

Mass per Unit Area ASTM D5261 Each Roll 
Grab Tensile Strength ASTM D4632 Every 5th Roll 
Grab Tensile Elongation ASTM D4632 Every 5th Roll 
Puncture Strength ASTM D4833 Every 5th Roll 
Permittivity (min. avg.)  ASTM D4491 Every 5th Roll 
Apparent Opening Size 
(AOS) 

ASTM D4751 Every 5th Roll 

UV Stability, % Retained 
(500 hr.) 

ASTM D4355 Every 5th Roll 

   
GEOCOMPOSITE  
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Property Test Method Frequency 
Ply Adhesion ASTM D7005 Every 5th Roll 
Transmissivity (MARV) ASTM D4716 Every 5th Roll 
 
The manufacturer shall identify all rolls of geocomposite with the following: 
 
 Manufacturers Name 
 Product Identification 
 Roll Number 
 Roll Dimensions 
 
The Resident CQA Engineer shall review these documents and shall report any 
discrepancies with the above requirements to the Project Engineer.  The Resident CQA 
Engineer shall verify that: 
 

Property values certified by the Manufacturer meet all of its guaranteed 
specifications. 
 
Measurements of properties by the Manufacturer are properly documented and that 
the test methods used are acceptable. 
 
Quality control certificates have been provided at the specified frequency for all rolls, 
and that each certificate identifies the rolls related to it. 
 
Rolls are appropriately labeled. 
 
Certified minimum properties meet the project specifications. 

 
 
2.5 Conformance Testing 
 
2.5.1 Sampling Procedures 
 
Upon delivery of the rolls of geocomposite, the Resident CQA Engineer shall ensure that 
conformance test samples are obtained for the geocomposite.  The rolls to be sampled 
shall be selected by the Resident CQA Engineer.  Samples shall be taken from any 
portion of a roll that has not been damaged.  Unless otherwise specified, samples shall be 
3 ft. (2 m) long by the roll width.  The Resident CQA Engineer shall mark the machine 
direction on the samples with an arrow.  
 
A lot shall be defined as a group of consecutively numbered rolls from the same 
manufacturing line.  Alternatively, a lot may be designed by the Certifying CQA 
Engineer based on a review of all roll information including quality control 
documentation and manufacturing records.  
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Unless otherwise specified in the project specifications, samples shall be taken at a rate 
of one per lot, not to be less than one per 100,000 ft2 of geocomposite.  These samples 
shall then be forwarded to the Geosynthetic laboratory for testing to ensure conformance 
to the project specifications.  
 
2.5.2  Conformance Tests 
 
The following conformance tests shall be conducted; 
 
 Ply Adhesion (ASTM D7005) 
 Transmissivity (ASTM D4716) 
 
2.5.3 Test Results 
 
All conformance test results shall be reviewed and accepted or rejected by the Certifying 
CQA Engineer prior to the deployment of the geocomposite.  The Certifying CQA 
Engineer shall examine all results from laboratory conformance testing and shall report 
any non-conformance to the Project Engineer.  The Certifying CQA Engineer shall be 
responsible for checking that all test results meet or exceed the property values listed in 
the project specifications. 
 
If a test result is in nonconformance, all material from the lot represented by the failing 
test shall be considered out-of-specification and rejected.  Alternatively, at the option of 
the Project Engineer, additional conformance test samples may be taken to “bracket” the 
portion of the lot not meeting the project specification.  This procedure is valid only 
when all rolls in the lot are consecutively produced and numbered from one 
manufacturing line.  To isolate the out-of-specification material, additional samples must 
be taken from rolls that have roll numbers immediately adjacent to the roll that was 
sampled and failed.  If both additional tests pass, the roll that represents the initial failed 
test and the roll manufactured immediately after that roll (next large roll number) shall be 
rejected.  If one or both of the additional tests fail, then the entire lot shall be rejected or 
the procedure repeated with two additional tests that bracket a greater number of rolls 
within the lot. 
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OPERATIONS PLAN 
Macon County MSW Landfill 

 
Introduction 

 
Macon County currently manages the operation of a single active MSW cell - Phase 2 
Cell 1 - at the Macon County Municipal Solid Waste Landfill (MSWLF) Facility.  Phase 
2 Cell 1 began receiving waste in February 1999 and is expected to reach capacity in the 
spring of 2017, at which time, the County will begin to utilize proposed Phase 3 Cell 1.  
The proposed Phase 3 Cell 1 area received Site Study Approval in 1997 at the same time 
as the existing Phase 2 Cell 1 area.  Phase 3 Cell 1 is a standalone landfill unit.  The 
County has recently purchased adjoining property and will expand the Facility Boundary 
as part of the Permit to Construct Phase 3 Cell 1.  Existing MSWLF facilities that will 
remain in operation include a landfill office, scales and scalehouse, Waste Treatment and 
Processing Facility, equipment storage building, leachate collection system, yard waste 
facility and a recycling processing center.  Proposed MSW Phase 3 Cell 1 is expected to 
provide five (5) years of additional landfill airspace.  The location of MSW Phase 3 Cell 
1 along with the proposed Facility Boundary is shown on Sheet C-101 of the Permit to 
Construct drawings.  Appendix 7 includes the waste and volume projections for the five 
(5)-year permitting period for MSW Phase 3 Cell 1. 
 
The Macon County Municipal Solid Waste Landfill is owned and operated by Macon 
County, North Carolina.  Operation and maintenance of the landfill is under the 
supervision of the Macon Solid Waste Director, Mr. Chris Stahl.   

 
This Operations Plan has been prepared as required under Rule .1617 and in 
accordance with Rule .1625 of the North Carolina Solid Waste Management Rules 
(15A NCAC 13B).  Macon County shall maintain and operate the Macon County 
MSW Landfill in accordance with the following requirements. 
 
1.0 Waste Acceptance and Disposal Requirements 
 
The Macon County Municipal Solid Waste Landfill will only accept municipal solid 
waste, construction and demolition waste, and non-hazardous industrial waste generated 
in Macon County, and the Town of Highlands. Macon County will notify the Division of 
Waste Management, Solid Waste Section within 24 hours of any attempts to dispose of 
non-permitted waste. 
 
 
1.1 Prohibited Wastes 
 
The following wastes are prohibited from disposal at the landfill: 
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 Hazardous waste as defined within 15A NCAC 13A, including hazardous waste 
from conditionally exempt small quantity generators. 
 

 Polychlorinated biphenyls (PCB) waste as defined in 40 CFR 761. 
 

 Liquid wastes unless they are managed in accordance with Rule .1626(9). 
 

 Wastes prohibited by Statute GS 130A-309.10 of the North Carolina Solid Waste 
Management Rules.  These wastes include: 

   
 Used oil, 
 Yard trash, 
 White goods, 
 Antifreeze (ethylene glycol), 
 Lead-acid batteries, 
 Aluminum cans, 
 Whole scrap tires. 
 Motor oil filters, 
 Recyclable plastic bottles (excluding motor oil bottles), 
 Wooden pallets. 
 Electronics 

 
 Wastes prohibited by Macon County Solid Waste Ordinance passed on July 2, 

1996.  Theses wastes include: 
  

 Burning or smoldering materials, or any other materials that would 
create a fire hazard, 

 Cardboard, 
 Radioactive Waste, 
 Wet sludges that cannot pass the paint filter test, 
 Aluminum cans, 
 Metal drums of 50 gallons or more capacity unless drain holes are 

provided to prevent containers from holding liquid or unless filled 
with identifiable solid waste which is otherwise acceptable, 

 Automobiles, truck or other motor vehicle bodies, large pieces of 
metal such as manufactured homes or farm equipment, 

 Ash unless approved by the Solid Waste Director, 
 Regulated medical waste, 
 Wood waste greater than 6 inches in diameter at the butt end and 

greater than 4 feet in length, and 
 Friable Asbestos. 
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1.2 Hazardous Wastes 

Hazardous waste may be gases, liquid, solids or sludges that are listed or exhibit the 
characteristics described in 40 CFR Part 261. 
 
PCB wastes are defined in 40 CFR 761.  They may be liquids or non-liquids (sludges or 
solids).  PCB wastes do not include small capacitors found in white goods (e.g., washers, 
dryers, refrigerators) or other consumer electrical products (e.g., radio and television 
units).   
 
1.3 Liquid Wastes 

Bulk or non-containerized liquid waste may not be placed in Macon County Municipal 
Solid Waste Landfill cell unless: 
 
 1. The waste is household waste other than septic waste.  
 2. The waste is leachate or gas condensate derived from the cell itself.  
 
Containers holding liquid waste may not be placed in the Macon County Municipal Solid 
Waste Landfill unless: 
 

1. The container is a small container similar in size to that normally found in 
household waste.  

 2. The container is designed to hold liquids for use other than storage.  
 3. The waste is household waste.  
 
Note:   Liquid Waste means any waste material that is determined to contain “free 
liquids” as defined by Method 9095 (Paint Filter Liquids Test), as described in “Test 
Methods for Evaluating Solid Wastes, Physical/Chemical methods” (EPA Pub. No. SW-
846). 
 

1.4 White Goods 

The Macon County Municipal Solid Waste Landfill does accept white goods, which are 
taken to a white goods pad that is located behind the Recycling Processing Center.  All 
appliances containing chlorofluorocarbon (CFC) refrigerants are segregated from the 
other scrap metals.  Freon (type 12 for refrigeration units and type R22 for air 
conditioning units) is removed by certified staff (State Board of Refrigeration Examiners 
certification number NC-820-3177) using model CR-600 refrigerant extraction pumps.  
The Freon is collected into 50-pound storage tanks and then transferred to a 250-pound 
storage tank located inside the Recycling Facility.  The Freon is shipped to a certified 
Freon recycler for final processing when the 250-pound tank is full.  Once a white good 
unit is empty, it is marked, logged into the Freon records book and transferred to the 
scrap metal pile located on the same concrete pad behind the refrigeration units.  Any 
refrigerators with locking doors will have the door removed immediately. 
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Non-freon containing white goods are placed into the scrap metal area on the white goods 
pad for removal by a contractor.  Freon and non-freon items are stored separately on the 
pad prior to Freon removal.   
 
1.5 Car Wash Sediment 
 
The Macon County Municipal Solid Waste Landfill does not accept car wash sediment 
unless a TCLP test on metals has been performed at the potential customer’s expense and 
the test is negative.  Any waste accepted must not contain any free liquids and must pass 
the paint filter test as well. 
 
1.6 Mercury Containing Products 
 
Mercury containing devices are accepted as Universal Wastes from residents and 
commercial entities at the Materials Recovery Facility (MRF) located at the MSW 
Landfill.  These devices include intact mercury thermostat switches, and mercury 
containing lamps.  These devices will be packaged and stored according to the Universal 
Waste regulations, and will be sent to qualified Universal Waste handlers for processing 
and recycling.  A detailed plan for management of Mercury containing devices can be 
found in Appendix 8. 
 
1.7 Automobile Fuel Tanks 
 
Steel automobile gasoline tanks are accepted at the Macon County MSW Facility as long 
as they do not contain any explosive vapors or any free liquids and they have been 
perforated or rendered incapable of retaining liquids.  Terne-coated gasoline tanks cannot 
be landfilled due to the tanks exhibiting TCLP leachability for lead well in excess of 5.0 
ppm, which is the EPA hazardous threshold. 
 
1.8 Asbestos 
 
All waste containing asbestos shall be managed in accordance with 40 CFR 61.  Only 
non-friable asbestos is accepted at the Macon County Municipal Solid Waste Landfill.  A 
small sample of the asbestos must be brought to the Landfill for inspection prior to 
bringing the full load to the landfill.  The Solid Waste Director or a NCDENR 
representative will verify if the asbestos is acceptable for disposal in the Macon County 
Municipal Solid Waste Landfill.  Asbestos is considered non-friable if it cannot be 
crushed into a powder form or into multiple smaller pieces when squeezed in a fist.  Non-
friable asbestos will only be accepted between 8:00 am and 3:00 pm, Monday through 
Friday.  The asbestos must be double-bagged in heavy duty trash bags.  Prior to sealing 
the bags, the asbestos must be sprayed with water to discourage creation of airborne 
particles in the event that the bags rip or become opened.  Asbestos waste should be 
brought to the landfill separately from any other waste.  Upon entry to the landfill, the 
generator/hauler will inform the scalehouse attendant of the nature of the waste.  The 
scalehouse attendant will direct the customer to a landfill operator at the Waste 
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Treatment and Processing Facility, not to the landfill.  One of the Waste Treatment and 
Processing Facility or landfill operators will escort the customer to a determined disposal 
location and stay with the customer until the waste is deposited.  The landfill operator 
will excavate a hole in the working face for placement of the asbestos waste materials.  
The operator will then immediately cover the waste with additional loose waste at the toe 
of the working face to cover the bags.  Asbestos waste will not be placed with a 
compactor or bulldozer.   
 
1.9 Food, Animal, & Regulated Medical Waste 
 
No hazardous, liquid, or regulated medical waste shall be accepted or disposed of in the 
Landfill.  Spoiled foods, animal carcasses, abattoir waste, hatchery waste, and other 
animal waste delivered to the disposal site shall be covered immediately.  These wastes 
will be placed at the toe of the working face and shall be covered immediately. 
 

1.10 Wastewater Sludge 
 
Wastewater sludges may be disposed of in the landfill.  Sludges disposed in the landfill 
must pass the paint filter test and must be designated non-hazardous with the Toxicity 
Characteristic Leaching Procedure (TCLP) test. 
 
1.11 Electronic Waste Recycling 
 
Macon County accepts a full range of electronics from residents at the Macon County 
MSWLF. Electronic waste to be collected and recycled includes, but is not limited to; 
computer equipment, televisions, hard drives, scanners, fax machines, copiers, and other 
miscellaneous electronic equipment. Electronics are brought into the Waste Treatment 
and Processing Facility where they are prepared by County staff for shipping.  The 
County contracts with an approved vendor that has e-steward or R2 certification to 
remove the collected electronic waste back to their facility for recycling and/or further 
disposal. Once the electronic waste is collected, the vendor will send the County a 
statement that provides the tonnage of material disposed, broken down by computer 
equipment, televisions, and other electronic material.  
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2.0 Random Waste Inspections 
 
Macon County has a program in place for detecting and preventing the disposal of 
hazardous and banned wastes by conducting a random inspection program.  The 
frequency of random inspections shall be based on the type and quantity of wastes 
received daily, and the accuracy and confidence desired in conclusions drawn from 
inspection observations.  Currently, the random inspection rate represents approximately 
5–10% of the average daily waste load.  At a minimum, inspected loads will always 
represent at least 1% of the waste stream.  Inspections will be performed at the Waste 
Treatment and Processing Facility.  If these inspections indicate that unauthorized wastes 
are being brought to the Macon County Municipal Solid Waste Landfill site, then the 
random inspection program should be modified to increase the frequency of inspections. 
 

 Inspection priority also will be given to haulers with unknown service areas, to loads 
brought to the facility in vehicles not typically used for disposal of municipal solid waste, 
and to loads transported by previous would-be offenders. For wastes of unidentifiable 
nature, the inspector should question the transporter about the source/composition of the 
materials. The program will include the following: 
 
Landfill personnel will conduct random inspections of incoming loads.  The frequency of 
the random inspections will be based on the type and quantity of waste, but not less than 
1% of the waste stream.  Inspections will occur at the Waste Treatment and Processing 
Facility.  The driver will be directed to dump his/her load on the tipping floor of the 
Facility off to the side of the regular waste stream.  The load will be carefully spread 
using the bucket of a rubber-tired loader.  Landfill personnel who have been adequately 
trained to identify hazardous and banned waste will then inspect the load.  Any 
unacceptable wastes are removed from the load and taken to the proper disposal area.  If 
hazardous or unknown wastes are discovered, the waste is secured away from the 
operating area at an isolated location of the tipping floor.  The waste generator/hauler 
would then be questioned on the source and nature of the waste and the Solid Waste 
Director notified immediately.  If the nature of the waste presents an acute or immediate 
hazard to personal safety, the Emergency Management Services will be contacted.  
NCDENR will be notified of the situation by telephone within 24 hours and in writing 
within 15 days of the occurrence.  The written notice will take the form of a Special 
Waste Handling Occurrence Report, which is located at the Solid Waste Administration 
Building.   
 
2.1 Waste Inspection Records and Notices 

A record will be kept of each inspection that is performed.  These records will be 
included and maintained in the operating record of the landfill.  A copy of the waste 
inspection record and a procedure of the random waste screening process are attached as 
Appendix 3. 
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Signs shall be placed in clear view of each incoming waste transporter, which shall 
include the following notice: 
 

NOTICE:  RANDOM WASTE SCREENING IS PRACTICED HERE.  WE 
RESERVE THE RIGHT TO INSPECT ANY LOAD OR PORTION OF A LOAD 
ARRIVING AT OUR FACILITY.  WE WILL REJECT ALL:  HAZARDOUS 
WASTES, PCBs, LIQUIDS AND ANY UNACCEPTABLE WASTE AS 
DETERMINED BY OUR MANAGEMENT.  YOUR PARTICIPATION IN 
THIS PROGRAM IS NOT OPTIONAL! 
  

2.2 Training of Facility Personnel 

Landfill Operators and Transfer Station Operators shall become certified and maintain 
their Continuing Education Units (CEU’s) through training courses offered by SWANA.  
Documentation of training will be placed in the operating record for the facility.  There 
are at least four (4) certified Landfill Operators employed at the Macon County MSW 
Landfill in addition to the Solid Waste Director, who currently has a Manager of Landfill 
Operations and a MSW Systems Management Certification.  At no time will non-
certified employees staff the landfill without a certified operator present. 
 
Macon County, with the assistance of J&B Disposal, operates eleven (11) staffed 
convenience centers throughout rural parts of the County.  Personnel at the convenience 
centers are trained to identify hazardous, liquid, and special wastes.  If any banned or 
hazardous wastes are identified by center personnel, they will instruct the individual 
attempting to dispose of the waste to remove it and require the individual to dispose of 
the waste in a hazardous facility or direct them to the landfill for proper disposal.  Macon 
County will provide at least annual training to all landfill personnel in regard to 
recognizing hazardous and liquid waste. 
 

2.3 Contingency Plan 
A Contingency Plan for handling prohibited wastes is included as part of the training 
plan.  The Contingency Plan is described in the Waste Screening and Special Waste 
Handling Occurrence Procedures included in Appendix 3.  The plan involves the 
identification of the waste by inspection.  If the load has been determined to be of a 
hazardous nature, the landfill will not accept the waste and require that hauler remove the 
waste from the facility.  The hauler will then be required to find a facility suitable for 
accepting the hazardous waste. 
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3.0 Waste Treatment and Processing Facility  
 

3.1 Overview 
 
Macon County utilizes the Waste Treatment and Processing Facility to receive incoming 
waste at the Macon County MSWLF.  The Waste Treatment and Processing Facility 
consists of a pre-engineered metal building with a concrete tipping floor and concrete 
push wall.  Incoming waste collection vehicles will deposit municipal solid waste (MSW) 
and construction & demolition wastes directly onto the concrete tipping floor of the 
Facility.  Once the wastes have been dumped onto the tipping floor, it will be inspected 
for illegal and banned wastes, hazardous wastes, and/or other wastes requiring special 
handling.  Illegal and hazardous wastes will be diverted from the waste stream and 
disposed of properly in a hazardous waste landfill.  Once the wastes have been inspected 
for unacceptable materials, a loader will spread the remaining wastes over the tipping 
floor so that recyclable materials can be removed from the waste stream.  Cardboard and 
scrap metal will be the principle materials targeted for recovery, along with clean wood 
and pallets, rigid plastics, #1 and #2 plastics, and electronics.  Other recyclable wastes 
will only be recovered if they arrive in bulk form and/or are easily separable from the 
waste stream.  The remaining wastes will be pushed to the rear of the Facility via a 
rubber tired loader.  The waste will be collected along the push-wall that runs parallel to 
a 48-ft. walking floor trailer.  The loader will pick up the waste along the push-wall and 
deposit it into the walking floor trailer.  A road tractor will then carry the waste in the 
trailer to the landfill for disposal.  It is anticipated that 1-3 loads will be taken to the 
landfill daily.  The cycle time for off-loading the trailer is approximately 15 minutes.  
Wastes will be collected at the toe of the push-wall while the trailer is away from the 
facility.  At the end of each operating day, all wastes will be removed from the tipping 
floor and partial trailer loads will be stored overnight in the walking floor trailer within 
the Treatment and Processing Facility. 

 
Normal working hours for the Waste Treatment and Processing Facility are 7:30 a.m. to 
4:30 p.m., Monday through Friday and 8:00 am to 2:00 pm on Saturdays.  Note that 
should unexpectedly heavy volumes occur, Facility personnel would continue to load 
MSW wastes after the regularly scheduled hours.  The Facility is closed on Sunday and 
the following holidays: Thanksgiving Day, Christmas Day and any federal holiday which 
falls on Tuesday through Thursday. 
 
3.2 Personnel 

 
The Facility is owned and operated by Macon County.  The operation is staffed at all 
times that waste is being received in the Waste Treatment and Processing Facility.  These 
employees are properly trained in safety procedures and the inspection of incoming 
wastes.  Training materials published by the Solid Waste Association of North America 
(SWANA) are utilized for initial training of on-site personnel and for continuing 
education.  The Waste Treatment and Processing Facility employees also direct and 
coordinate the movement of collection vehicles into and out of the Facility 
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 3.3 Characterization of Waste Stream 
 

The waste received at the Waste Treatment and Processing Facility will have the same 
characterization as the waste accepted by the MSW landfill.  Certain waste types will 
bypass the Facility and be taken directly to the landfill for disposal.  These materials 
include such wastes as asbestos wastes, sludges, non-regulated medical wastes, and 
potentially any other wastes that are difficult to process and/or contain no recoverable 
materials. 

 
3.4 Inspection of Wastes 

 
Properly trained employees control access to the Waste Treatment and Processing 
Facility.  As the contents of the collection vehicles are emptied onto the tipping floor, an 
employee will conduct periodic visual inspections of the waste materials as outlined in 
the Waste Screening and Special Waste Handling Occurrence Procedure found in 
Appendix 3.  If unacceptable waste is found, the driver of the vehicle will be instructed to 
terminate dumping and the unacceptable waste will be reloaded onto the vehicle for 
removal from the site.  Examples of unacceptable wastes include large containers of 
liquid waste, sludges, drums that have not been emptied and crushed prior to delivery, 
and containers either smoking or emitting noxious vapors.  If any hauler using the 
Facility develops a pattern of deceptive waste identification in order to circumvent proper 
regulation, the Asheville regional office of NCDENR will be notified within 24 hours of 
attempted disposal and informed as to the type of material and the hauler so that follow-
up investigations can be conducted, if necessary.  
 
If hazardous waste is identified during vehicle dumping, Facility personnel will 
immediately notify the driver and if necessary, contact NCDENR and the Hazardous 
Materials Emergency Response Team for the region, RRT6.  The appropriate information 
concerning the waste will be provided to those officials and the recommended steps will 
be taken until properly trained handlers of hazardous waste arrive on-site. 
 
Infectious or medical waste haulers are advised that the Facility does not accept such 
wastes and that the hauler will have to transport the infectious wastes to an approved 
facility for disposal. 
 
Should a “hot load” occur in a vehicle using the Facility, the attendant will not permit the 
load to be unloaded.  No asbestos or animal wastes will be accepted at the Treatment and 
Processing Facility. 
 
The above limitations on the types of wastes that will be accepted do not circumvent the 
incidental wastes that may be found in the residential waste stream that is expected at the 
facility. 
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3.5 Traffic Control  
 
Site personnel control access to the Waste Treatment and Processing Facility.  As 
vehicles arrive at the Facility, site personnel will direct the driver to position the vehicle 
at the correct unloading location once there is sufficient room to maneuver on the 
concrete floor.  When the contents of the vehicle are emptied, the driver is instructed to 
move the vehicle away from the tipping floor and exit the Facility.  Directional signs 
located at the facility will aid traffic control. 
 
During times when several vehicles are at the Facility at the same time, haulers are 
instructed to wait within the staging area located outside the entrance to the building. The 
tipping area will allow up to four (4) trucks to dump simultaneously. 
 
3.6 Housekeeping, Litter, and Vector Control 
 
Incoming wastes will be transported to the Facility in covered or enclosed vehicles.  
Throughout the day and at the end of each working day, facility personnel will police the 
building and surrounding site for litter.  Collected litter is placed in containers for proper 
disposal.  A yard hydrant is available to wash down the concrete tipping floor and 
adjacent equipment areas when needed.  The equipment used for pushing trash on the 
tipping floor also has a bucket equipped with a squeegee. The wash water flows into 
drains located throughout the tipping floor.  A metal grate covers the drain to blocks large 
debris that might clog the drains.  The metal grates are raked periodically and the 
collected trash is placed into containers for proper disposal.  The drain is connected to a 
six (6)-inch sewer line that also services the office, breakroom, and restrooms.  The 
sewer line drains to a duplex pump station outside the Facility.  This pump station pumps 
through a two (2)-inch force main to a 10-inch force main that runs between the East 
Franklin Pump Station and the Franklin Wastewater Treatment Plant.  The pump station 
has an excess volume capacity of 200 gallons and a pumping capacity of 20 gpm.  The 
pump station is equipped with automatic controls and high-water alarm.  Final disposal of 
the leachate is at the Franklin Wastewater Treatment Plant.  The Town of Franklin 
operates this wastewater treatment plant.  See Appendix 1 for a letter from the Town of 
Franklin, which states that the Town of Franklin Wastewater Treatment Plant will accept 
an average flow of 875 gallons per day from the former Baling Facility (now the Waste 
Treatment and Processing Facility) at the Franklin Landfill. 
 
Odors are controlled by prompt unloading and transfer of all delivered wastes at the 
Facility, which has seven (7) roll-up doors to allow adequate access to all areas of the 
building to ease operations, maintenance, and cleaning. The doors allow adequate fresh 
air exchange when opened, which aid in odor control.  The building is also equipped with 
ventilation fans for operation during cold weather. 
 
The daily removal of solid waste in conjunction with daily housekeeping procedures 
effectively controls the development of vector related problems.  The tipping floor is 
constructed of concrete, which is a relatively impervious, cleanable material.  Floor and 
equipment wash-downs at the Facility also reduce both odor and vector problems.  As 
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described previously, wash water is diverted to the duplex pump station located outside 
the building.  Licensed exterminators are also available to visit the Facility as needed. 
 
3.7 Waste Treatment and Processing Facility Bypass Procedures 
 
Wastes from commercial haulers and convenience centers are disposed directly at the 
working face of the landfill, unless large quantities of recoverable materials are 
identified.  Smaller loads utilize the Waste Treatment and Processing Facility.  
Unregulated wastes from hospitals and retirement facilities, animal wastes, and asbestos 
wastes are disposed directly at the working face of the landfill.  Asbestos wastes require 
special handling as outlined in Section 1.8. 
 
In the event that wastes cannot be processed through the Waste Treatment and Processing 
Facility due to equipment failure, the Facility may be bypassed.  If the Facility is 
anticipated to be out of operation for only a short period, wastes will be stockpiled on the 
tipping floor.  The tipping floor at the Facility can comfortably accommodate 
approximately 150 tons of wastes.  If the Facility is anticipated to be out of operation for 
more than 2 or 3 hours, the Facility will be bypassed.  The waste would then be taken 
directly to the MSW landfill by the collection trucks.  All rules that apply to traditional 
landfilling practices will be followed.  Inspections will be performed in the landfill 
adjacent to the working face and materials will be separated as required.  The MSW will 
then be compacted and sufficiently covered.  In all cases, wastes will not be allowed to 
remain on the tipping floor of the Facility overnight. 
 
3.8 Dust and Fire Control 
 
Since collection and transfer vehicles travel at low speeds on paved roads, dust 
generation to the Facility is not a problem.  The road from the Facility to the MSW 
Landfill is gravel so the County periodically wets the road to contain dust.  Furthermore, 
periodic washdown of the tipping floor and equipment will also prevent excessive build-
up of dirt and dust at the facility. 
 
Hand-held fire extinguishers and two fire hoses located inside the building provide fire 
control.  Fire protection will be provided by the local fire department, which is aware of 
the fire control needs for the Facility.  In the event that a fire occurs, the local authorities 
will be notified immediately if help is needed.  The telephone numbers of local fire, 
police, ambulance and hospital facilities are posted in and around the Facility at all times.  
Should a fire occur at the Facility, the NCDENR will be notified within 24 hours and 
written notification will be submitted within 15 days. 
 
3.9 Wastewater Collection 
 
Wastewater flow at the Facility consists of wash-down water and liquids escaping the 
deposited wastes.  These sources of wastewater are directed into six drains located 
throughout the Facility floor.  The metal roof covering the Facility minimizes the 
generation of wastewater.  The drains empty into the duplex pumping station located 
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outside of the building. The wastewater that accumulates in the pump station is pumped 
to the Franklin Wastewater Treatment Plant.  Refer to Appendix 1 for a letter from the 
Town of Franklin, accepting flow from the former Baling Facility (now Waste Treatment 
and Processing Facility). 
 
3.10 Stormwater Management and Erosion Control 
 
Areas adjacent to the Facility are graded away from the building. Gutters and downspouts 
are positioned on the building to divert discharge of stormwater to diversion ditches and 
stormdrains.  The Macon County Landfill operates under a stormwater discharge permit 
issued by the NCDENR-Division of Water Quality, permit number: NCG120083, which 
requires regular monitoring of stormwater discharge locations. 
 
3.11 Zoning 
 
Since the Waste Treatment and Processing facility is located on the Macon County 
Landfill property, zoning approved for the current solid waste management facilities 
allows for the Waste Treatment and Processing Facility.  Refer to Appendix 4 for a letter 
from the county where zoning for the Macon County Landfill property is given. 
 
3.12 Facility Inspections 
 
Regular maintenance inspections of the Facility are conducted at least annually.  The 
inspections are conducted by site personnel who are familiar with the buildings and 
equipment at the site, as well as operations of the Facility.  No records of inspections are 
kept.  Observations include the following: 
 
 1.  Building, foundation, and push walls 
 2.  Ventilation system 
 3.  Fire equipment 
 4.  Electrical systems 
 5.  Floor drains and yard hydrant 
 6.  Leachate pump station 
 
If the Waste Treatment and Processing Facility personnel note any unsatisfactory 
conditions, the concerns will be reported to the Macon County Solid Waste Director.  If a 
threat to safety or to the environment is identified, immediate action will be taken to 
correct the situation.  If necessary, operations at the Facility will be suspended 
temporarily until the proper authority can be contacted. 
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4.0    Waste Placement & Cover Material Requirements 
 
Macon County would like to conduct waste filling operations in an uphill direction, and 
therefore will begin waste filling at the southern margin of the site, adjacent to the sump 
area.  However, the County will still maintain a stormwater pumping area on top of the 
stormwater cover above the leachate sump for as long as possible.  In addition to 
pumping stormwater from the low point of the cell, a stormwater control berm will be 
installed and will divert runoff to the low point of the liner edge near the southwest 
corner of Phase 3 Cell 1.  Waste fill operations will continue up the hill on the eastern 
side of the cell.  Waste fill operations for the five-year permitting period are shown on 
Sheets C-108 through C-112 of the Permit to Construct Drawings. 
 
Waste placement will continue in a phased manner until the final grades are reached.  
The initial 6 – 10 foot depth of waste in each subcell shall be carefully screened for 
objects that could be pushed through the composite liner.  A compactor shall not be used 
on this initial lift of waste to reduce the potential for impacting the geomembrane.  The 
initial lift of waste will be compacted only by the equipment used to place the waste.  
Following placement of the initial lift, the solid waste will be placed and compacted as 
densely as possible using compactors and dozers.  Waste placement will be in lifts not to 
exceed 10 feet.  In order to increase compaction, waste should be placed from the 
downgradient to upgradient direction when possible.  The working face shall be 
maintained in as small an area as possible to increase compaction and to reduce the 
amount of daily cover required.  All windblown material resulting from daily waste 
placement will be recovered and returned to the cell for disposal at the end of each 
workday. 
 
4.1 Daily Cover 
 
Macon County shall cover the disposed solid waste with six (6) inches of earthen 
material at the end of each operating day, or at more frequent intervals if necessary, to 
control disease vectors, fires, odors, blowing litter, and scavenging. 
 
4.2 Alternative Daily Cover 
 
As an alternative to the six inches of earthen material, Macon County may use an 
alternative daily cover (ADC) that has been approved by the Solid Waste Division.  The 
County will abandon the use of the 4 mm thick polyethylene film as an ADC in 
conjunction with the removal of the baling process from the landfill operation.    Two 
types of ADC have been approved by the NCDENR-Solid Waste Division for use at the 
landfill.  Macon County has obtained the approval of a 48ft x 50ft landfill tarp as an 
ADC.  The tarp will be spread over the sloped working face of the landfill at the end of 
each day.  The second method of approved ADC is the use of 3-inches of ground pallets 
and wood waste in conjunction with 3-inches of native soil instead of the 6-inches of 
earthen material.  Correspondence pertaining to both of the approved ADC’s is included 
in Appendix 6. 
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Each day at closing, the ADC tarp is walked onto the landfill face.  The sides of the tarp 
will be weighted with soil as needed to prevent the tarp from being blown off of the 
landfill face by high winds.  The size of the working face will be maintained so that the 
tarp completely covers all wastes not otherwise covered with at least six inches of earthen 
material or approved ADC.  On rare occasions, such as the beginning or end of a landfill 
lift, it may be necessary to maintain a larger working face.  Under such circumstances, a 
second tarp will be taken to the landfill for additional temporary coverage.  The second 
tarp will be placed so that a maximum overlapping of the tarps is maintained.  Care is 
taken to make sure that no vehicle traffic or landfill equipment is allowed to pass over the 
cover, which could result in shearing or tearing of the cover.  The spare tarp will be 
stored at the Waste Treatment and Processing Facility. 
   
The second type of approved ADC consists of a 6-inch thick lift consisting of a 50/50 
mixture of native soil and ground pallets and yard waste.  The ground wood waste and 
soil are mixed in the buffer area prior to transport to the landfill and spread as cover at 
the end of the day.  The mixed material will be used on internal slopes and working faces. 
 
The ADC’s will be placed to meet or exceed the performance criteria of an ADC as 
outlined in Rule .1626 2 (b) by providing control of disease vectors, fires, odors, blowing 
litter, and scavenging. 
 
Macon County shall cover all waste areas that will be inactive for more than twelve (12) 
months and have not reached final elevations with a minimum of one foot of intermediate 
cover.  Any area inactive for more than ninety (90) days will be hydro-seeded to prevent 
erosion of the cover layer. 
 
4.3 Disease & Vector Control 
 
Macon County will control the spread of disease vectors by maintaining daily cover 
requirements and picking up windblown trash at the end of each day. 
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5.0 Explosive Gases Control 
 
Refer to the Landfill Gas Monitoring Plan prepared by Bunnell-Lammons Engineering, 
Inc. for Phases 1, 2, and 3 (Cell1) dated May 28, 2015.   The plan was prepared in 
accordance with   North Carolina Rules for Solid  Waste Management, 15A NCAC 13B 
Rule .1624(4).
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6.0 Air Quality 
 
6.1 Clean Air Act  
 
The Macon County MSW Landfill is not required to have an air quality permit as 
promulgated by the U.S. EPA Administrator pursuant to Section 110 of the Clean Air 
Act, as amended.  The Macon County Landfill would be required to obtain a Title V 
operating permit at the point in time that the Macon County MSW Landfill reaches an 
on-site volume of more than 2.5 million Megagrams of waste.  The Phase 1/Phase 2 area 
contains approximately 0.59 million Megagrams of waste (as of April 29, 2015) and will 
accommodate a total of approximately 0.64 million Megagrams of waste at full capacity.  
MSW Phase 3 Cell 1 has the capacity of approximately 0.20 million Megagrams, which 
will bring the total disposed waste at the Macon County MSWLF to 0.84 million 
Megagrams at the end of the Phase 3 Cell 1 five-year permitting period. 
 
6.2       Open Burning 
 
No open burning of solid waste shall be allowed at the landfill, except for the infrequent 
burning of land clearing debris generated on site or debris from emergency clean-up 
operations.  The Division of Solid Waste must approve any such infrequent burning. 
 
6.3       Hot Loads  
 
If a hot load of waste is delivered to the landfill, the driver shall not be allowed to dump 
the load.  If a hot load must be dumped, it will be dumped on an inactive portion of the 
landfill near the working face so that liquids in the waste or liquids used to extinguish the 
fire are confined in the landfill.  The waste may be smothered with clean dirt, or the local 
fire department may be called for assistance.  Once the load has been extinguished and 
the cause determined, the load will be taken to the working face for disposal. 
 
If a load of “hot” waste is unknowingly discharged in the Landfill, it will immediately be 
watered or smothered with dirt until extinguished by landfill personnel if possible and the 
local fire department called if needed.  The Waste Treatment and Processing Facility is 
equipped with a two-inch hose bib at the side of the tipping floor.  Hoses will remain 
connected to the hose bib to allow quick access.  Fire hydrants are located just outside the 
Waste Treatment and Processing Facility.  
 
Equipment and a stockpile of soil shall also be maintained in close proximity to the 
Landfill for controlling accidental fires.  The local fire department has been contacted 
and informed of the potential fire hazards at the Landfill.  Arrangements have been made 
with the fire department to provide access to the landfill site.  The fire department has 
also been provided with operational information of the facility in case of emergency. 
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6.4      Fire Notification Requirements 
 
Macon County shall provide verbal notification to the Solid Waste Division within 24 
hours of a fire at the Landfill and written notice within 15 days.  The Fire Occurrence 
Notification Form is included in Appendix 3. 
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7.0 Access and Safety Requirements 
 
A fence currently encloses the site with access controlled by means of gates.  A security 
check station and weigh scales is located at the landfill entrance to evaluate waste stream 
and proper disposal.  An attendant will be on duty at the site at all times while it is open 
for public use to insure compliance with operational requirements.  Access roads to the 
site shall be of all weather construction and maintained in good condition. 
 
7.1        Dust Control 
 
Dust generated due to landfill activities will be controlled.  Dust will be controlled 
through the application of water by truck or other approved dust control products, if 
necessary.  Removal of mud and dirt from the roads will also be a part of the dust control 
measures.  Additionally, final cover will be vegetated as soon as practical in order to 
minimize the blowing of dust on-site. 
 
7.2        Signage 
 
Signs providing information on disposal procedures, the hours that the site is open for 
public use, the permit number, stating that no hazardous or un-permitted waste can be 
received without written permission, stating that no liquid waste can be received for 
disposal, and other pertinent information will be posted at the site entrance.  Traffic signs 
and markers shall be provided as necessary to promote an orderly traffic pattern to and 
from the discharge area and maintain efficient operating conditions. 
 
7.3 Scavenging  
 
Scavenging of solid waste is prohibited unless approved by the owner or operator and the 
removal is not performed on the working face. 
 
7.4     Barrels and Drums  
 
Barrels and drums shall not be disposed of unless they are empty and perforated 
sufficiently to ensure that no hazardous or liquid waste is contained therein.  The only 
exception is drums that contain non-friable asbestos. 
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8.0 Erosion and Sedimentation Control Requirements 
 
Existing and proposed erosion/sedimentation control structures include sediment basins, 
storm drains, temporary slope drains, check dams, and diversion ditches.  Existing and 
proposed erosion/sedimentation control structures include sediment basins, storm drains, 
temporary slope drains, check dams, and diversion ditches.  The County will install at 
least 6 new sediment/skimmer basins as part of the development of Phase 3 Cell 1.  An 
erosion control plan submittal to the NCDENR-Land Quality Section for the work 
associated with the construction of Phase 3 Cell 1 is pending.  The County will provide a 
copy of the Erosion Control Permit to the Solid Waste Section upon receipt.  The Erosion 
Control Plan will be designed to restrain the sedimentation associated with the 
construction and operation of Phase 3 Cell 1 and the construction and operation of Phase 
3 Cell 2.  The Plan will address the construction of access roads and stockpile/borrow 
areas for approximately 10 years of landfill operations.  
 
Sedimentation basins will be checked after periods of significant runoff.  Sediment will 
be removed from the basin to its original dimension when sediment accumulates to one 
half of the design depth.  The sedimentation basins, embankments, ditches, inlets and 
outlets will also be inspected for erosion damage.  All necessary repairs will be made 
immediately.  Any trash or debris within the riser pipes will be removed.  The Macon 
County Landfill operates under a storm water permit issued for the NCDENR-Division of 
Water Resources, permit number: NCG120083.   
 
Storm drain outlets and diversion ditches will be inspected for damage after each runoff 
event.  Rip rap will be placed in ditches and at pipe outlets to prevent erosion and wash 
outs.  Provisions for a vegetative ground cover sufficient to control erosion must be 
accomplished within fourteen (14) working days upon completion of any phase of 
MSWLF development. 
 
Embankment slopes shall be periodically inspected for erosion.  The embankment slopes 
shall be mowed at a frequency sufficient to maintain a good stand of vegetation.  The 
slopes shall be mowed a minimum of twice per one (1) year period.  The embankment 
slopes shall be refertilized in the second year unless vegetation growth is fully adequate.  
Any damaged areas will be reseeded, fertilized, and mulched immediately.  Seeding, 
fertilizing and mulching shall be in accordance with the North Carolina Erosion and 
Sedimentation Control Guidelines. 
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9.0  Drainage Control and Water Protection Requirements 
 
9.1         Surface Water Diversion 
 
Surface water from outside the operational area will be diverted from the waste area by 
the use of perimeter ditches.  The perimeter ditches direct surface water to the 
sedimentation basins. 
 
9.2         Storm Water Cover 
 
The active waste area will be filled and graded so that no surface water will pond near or 
on waste and that no waste will be disposed of in ponded water.  Initially for Phase 3 
Cells 1, a stormwater diversion berm will be installed to divert water to the low point in 
the liner edge near the southwest corner of the Cell. 
 
Leachate will be collected within the active waste area on top of the HDPE liner.  
Leachate will the pumped with side slope riser pumps through a dual-contained force 
main to a leachate holding pond, located adjacent to the landfill on the property of the 
Town of Franklin Wastewater Treatment Plant. 
 
9.3 Discharge of Pollutants 

 
There shall be no discharge of pollutants from the landfill into waters of the U.S., 
including wetlands, that violates any requirements of the Clean Water Act, including, but 
not limited to, the National Pollutant Discharge Elimination Systems (NPDES) 
requirements, pursuant to Section 402. 
 
There shall be no discharge of a nonpoint source of pollution into waters of the U.S., 
including wetlands, that violates any requirement of area-wide or State-wide water 
quality management plan that has been approved under Section 208 or 219 of the Clean 
Water Act, as amended. 
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10.0 Recordkeeping Requirements 
 
Landfill personnel shall record and retain the following information in an operating 
record at the landfill, or at an alternate location that has been approved by the Division. 
 

 Inspection of leachate management system, 
 Inspection records and waste determination records, 
 Training received by landfill personnel, 
 Waste amounts received by weight, which includes source of generation, 
 Gas monitoring results and any necessary remediation plans, 
 Any demonstration, certification, finding, monitoring, testing, or other analytical 

data required by sections .1630 to .1637 of the Rules (15A NCAC 13B), 
 Any monitoring, testing, or analytical data as required by Rule .1627 (15A NCAC 

13B), 
 Any cost estimates and financial assurance documentation required by Rule .1628 

(15A NCAC 13B), and 
 Yearly Landfill Capacity and Volume Calculations 

 
This information will be readily available for inspection by the Division of Waste 
Management-Solid Waste Section.  A copy of this Operation Plan will remain at the 
facility at all times. 
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11.0 Leachate Management Plan  
 
11.1 LCRS System Maintenance 
 
Landfill personnel shall maintain records of all inspections, cleaning, and repairs made 
on the leachate collection system. 
 
11.2  Leachate Testing 
 
The leachate quality will be sampled on a semi-annual basis. Leachate will be analyzed 
for Appendix 1 constituents as well as BOD, COD, phosphate, nitrate, sulfate, pH, and 
Specific Conductance. 
 
11.3   Pump Requirements 
 
The average flow that will reach the sump for Phase 3 Cell 1 is estimated to be 9.0 
gallons per minute (GPM).  A peaking factor of 5.22 was applied to the average flow for 
a pump station design flow of 47 GPM for a single pump operation.  Both pumps will 
pump a combined flow of 61.25 GPM.  In the condition where the existing pumps from 
Phase 2 Cell 1 and one proposed pump from Phase 3 Cell 1 are in operation, it was 
determined that the proposed pump would operate at 41 gallons per minute, existing 
pump A would operate at 21 gallons per minute, and existing pump B would operate at 
44 gallons per minute.  All three pumps are the same EPG model and operate at an 
acceptable flow based on the pump curves and flow range.  See the Phase 3 Cell 1 
Engineering Plan Appendix C for design calculations and system layout.    
 
11.4 Leachate Disposal 
 
The leachate will be pumped to the adjacent Town of Franklin Wastewater Treatment 
Plant.  There is an agreement between the Landfill and the Town that the WWTP accept 
leachate from the landfill and the landfill receive sludge from the WWTP.  A letter 
approving disposal of leachate at the plant is included in Appendix 5.  A copy of the 
Macon County Landfill Pretreatment Permit is also included in Appendix 7.   
 
11.5 LCRS System Inspection 
 
The landfill operator is responsible for periodic inspection and maintenance of the LCRS.  
Landfill personnel will perform monthly inspections of the leachate collection system 
equipment, specifically the pumping stations.  A copy of the inspection form has been 
attached as Appendix 2.  The pump stations will be inspected for proper operation and 
run-time hours will be documented.  If the monthly inspection reveals any equipment 
deficiency, remedial measures will be taken immediately to correct the problem.  An 
incident report will be completed that includes details of the incident and any corrective 
measures required.  If an incident report is required, a copy of the report shall be attached 
to the inspection form where the deficiency was identified. 
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11.6  Leachate Records 
 
Comprehensive records of the amount of leachate generated will be maintained at the 
Town of Franklin Wastewater Treatment Plant, which is located adjacent to the Landfill 
facility.  Leachate generation will be determined from the hours of pump operation and 
pump rates.  An annual summary of leachate generation will be maintained in the 
operating record.   
 
11.7 LCRS Contingency 
 
In the event that there is a temporary failure with any of the leachate removal and storage 
equipment, the geometry of the landfill will allow for the landfill to contain the leachate 
for a period of several months.  Action will be taken to remedy any malfunction within 2 
days.  Due to the conservative design of the leachate removal and storage equipment and 
the geometry of the landfill, the possibility of leachate overflowing the perimeter berm is 
virtually impossible. 
 
In the event that extreme levels of particular constituents are found to be present in the 
leachate during sampling, or extremely excessive leachate production occurs, the Solid 
Waste Division and the Town of Franklin Wastewater Treatment Plant will be notified.  
Additional pre-treatment methods will be utilized if problems are encountered with 
leachate quality.   
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12.0 Composting Operation 
 
12.1 Overview 
 
The Composting Operation has been dormant since 2004 due to the lack of a feedstock; 
however, if a feedstock should become available, the County may resume Composting 
Operations.  The County will notify the NCDENR-Solid Waste Section upon 
reinstatement of the Composting Operation and apply for an updated permit. 
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13.0 Yard Waste Treatment and Processing Operation 
 
13.1     Overview 
 
The Yard Waste Treatment and Processing Operation at the Macon County Municipal 
Solid Waste Facility generate mulch for use as an alternate daily cover for the Landfill.  
Incoming waste collection vehicles will deposit yard waste at the unloading area.  The 
hauler will unload the yard waste in a manner to keep the unloading area free of debris.  
A contractor will grind the yard waste to produce mulch.   
 
13.2 Personnel 

 
The facility is owned and operated by Macon County.  The employees are properly 
trained in safety procedures and the inspection of incoming wastes.  Training materials 
published by the Solid Waste Association of North America (SWANA) are utilized for 
initial training of on-site personnel and for continuing education.   

 
 13.3 Characterization of Waste Stream 

 
The waste received by the Yard Waste Operation will include untreated, unpainted 
pallets and wood, leaves and land clearing debris consisting entirely of weedy material 
such as roots, brush, saplings and stumps.  If municipal solid waste is mixed with yard 
waste, the hauler will need to dispose of the MSW at the Waste Treatment and 
Processing Facility before unloading the yard waste.  The following items are not 
accepted at the Yard Waste Operation:  treated or painted lumber wastes, household 
waste, cardboard, any non-recyclable material or any non-yard waste materials. 

 
13.4 Procedures 

 
Vehicles containing yard waste will be weighed on the scales upon entry to and from the 
Landfill.  The hauler will be directed to the Yard Waste Management Area.  If there is 
Municipal Solid Waste or other material mixed with the yard waste, the hauler will be 
directed to the Waste Treatment and Processing Facility to unload the MSW before the 
yard waste.  The hauler will proceed to the Yard Waste Management Area along the 
gravel drive along the northeast side of the adjacent MSW landfill.  The unloading area is 
of sufficient size to allow two or three vehicles to unload simultaneously.  The hauler will 
unload the yard waste in such a manner as to keep the unloading area free of debris.  
Larger loads that may come in by dump truck will be unloaded as far from the access 
roadway as possible.  As necessary, the County staff will use a bulldozer and loader to 
push the waste into stockpiles.  The stockpiles will be configured so that stormwater 
runoff flows in a laminar fashion across the graded and grassed slopes to prevent erosion 
and point source runoff.  The yard waste pile will be maintained so that air can freely 
flow through the pile in order to keep the internal temperature below 110-degrees 
Fahrenheit (F).  A qualified contractor will grind the yard waste to make mulch.  The 
primary use of the mulch will be an approved alternative daily cover for the Municipal 
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Solid Waste and in the composting process.  Mulch will be hauled to the Municipal Solid 
Waste Landfill and the Composting Pad using a dump truck.     
 
13.5 Traffic Control  

 
The Scale personnel will direct vehicles that contain yard waste to the Yard Waste 
Management Area.  The unloading area is adequately sized to allow two to three vehicles 
to unload simultaneously.  The hauler will empty their load themselves onto the 
stockpiles. 
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14.0 Recycling Operation 
 
14.1     Overview 
 
Macon County operates a Recycling Processing Center at the Landfill facility.  The 
Recycling Center accepts materials dropped off at the facility as well as processes 
incoming recycling waste from the eleven collection sites located throughout Macon 
County.  The recyclable material is baled and shipped to corresponding recycling 
companies. 
 
14.2 Personnel 

 
The Recycling Processing Center is owned and operated by Macon County.  The 
employees are properly trained in safety procedures and the inspection of incoming 
wastes.   

 
 14.3 Characterization of Waste Stream 

 
The waste received by the Recycling Processing Center will include the following items: 
 

 Newspaper, 
 Cardboard 
 Mixed Paper 
 Aluminum Cans, 
 Steel Cans, 
 Clear, Brown and Green Glass, 
 #1 Plastic (PETE), and 
 #2 Plastic (HDPE), 
 Mixed rigid plastics, 
 White Goods and scrap metal, 
 Used clothing. 

 
 
Additional materials recovered by the County: 
 

 Batteries, 
 Anti-freeze, 
 Oil, 
 Oil filters, 
 Used Cooking Oil 
 Carpet and padding 
 Mercury lamps and switches 
 Electronics 
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Appendix 1 
 
Correspondence from Town of Franklin Wastewater Treatment Facility Approving 
Wastewater from (former) Baling Facility (now Waste Treatment and Processing 
Facility) 
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Appendix 2 
 

Leachate Collection System Inspection Report 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 



LEACHATE SYSTEM INSPECTION REPORT 
 

DATE:___________   TIME:__________AM/PM  NAME:_____________  
Phase 1 Cell I 
Gravity System through landfill dike to leachate pond. 
 Are manholes free of debris:       Yes   No 
 Is there any leachate standing in the manhole:  Yes   No 
 Is there indication of a leachate spill along main:  Yes   No 

 
Phase 2 Cell I 
Pump system with two pumping stations and force main that becomes gravity and 
empties into leachate pond. 
 
Leachate Pump Station; Upper: 
 Is pump station operational:     Yes   No 
 Are control panels working properly:    Yes   No 
 Is there indication of leachate spill along main:  Yes   No 
 Current water depth in well:    _________ inches 
 Pump runtime meter:     _________ hours 

 
Leachate Pump Station; Lower: 
 Is pump station operational:     Yes   No 
 Are control panels working properly:    Yes   No 
 Is there indication of leachate spill along main:  Yes   No 
 Current water depth in well:    _________ inches 
 Pump runtime meter:     _________ hours 

 
Phase 3 Cell I 
Pump system with two pumping stations and force main that connects to existing 
forcemain from Phase 2 Cell 1. 
 
Leachate Pump Station; 1: 
 Is pump station operational:     Yes   No 
 Are control panels working properly:    Yes   No 
 Is there indication of leachate spill along main:  Yes   No 
 Current water depth in well:    _________ inches 
 Pump runtime meter:     _________ hours 

 
Leachate Pump Station; 2: 
 Is pump station operational:     Yes   No 
 Are control panels working properly:    Yes   No 
 Is there indication of leachate spill along main:  Yes   No 
 Current water depth in well:    _________ inches 
 Pump runtime meter:     _________ hours 



Leachate Pond: 
Leachate from landfill empties into pond.  Treated by aeration and pumped to head works 
of Wastewater Treatment Plant. 
 Is leachate flowing into pond:     Yes   No 
 Is foot-valve clean:      Yes   No 
 Are Aeration Pumps operational:    Yes   No 
 Is control panel for aeration pumps operational:  Yes   No 
 Is leachate pump #1 functioning properly:   Yes   No 
 Is leachate pump #2 functioning properly:   Yes   No 
 Are pump controls functioning properly:   Yes   No 
 Is flow meter/totalizer functioning properly:   Yes   No 
 What is the depth of leachate in pond:  __________feet 
 Inquire from WWTP Operators as to any noticed changes in leachate flow, 

volume or characteristics that cannot be explained by change in weather (i.e. 
heavy rain event).  Note changes below on incident report: 



LEACHATE SYSTEM INCIDENT REPORT 
 
If YES was answered to any of the previous questions or if a breakdown has occurred in 
the leachate management system, an incident report must be completed.  On the report, 
list the nature of the problem and steps taken to correct the problem.  If the breakdown 
resulted in a leachate spill outside of the landfill liner perimeter, notify the Solid Waste 
Director and report to DENR immediately. 
Incident Report: 
Nature of Incident: 
                          
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Corrective Action Taken: 
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Waste Screening and Special Waste Handling Occurrence procedure 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



WASTE SCREENING AND SPECIAL WASTE HANDLING 
OCCURRENCE PROCEDURES 

 
 
Waste Screening Program 
 
Macon County has established the following program for screening and detecting hazardous and 
banned wastes, and preventing such wastes from disposal in the Macon County Municipal Solid 
Waste (MSW) Landfill. 
 
Convenience Centers: 
Convenience Center employees are trained to recognize and refuse banned wastes from disposal 
at the drop-off centers.  Signs are posted at the centers to inform the public as to waste types not 
accepted at the centers. 
 
Scale House: 
All loads entering the landfill must cross the scales at the entrance to the landfill.  Scale house 
attendants are trained to recognize potential hazardous or banned wastes, and question 
generators/haulers as to the nature of the wastes.  Scale house attendants refuse banned wastes 
from disposal.  Customers hauling questionable wastes are directed to the tipping floor of the 
Waste Treatment and Processing Facility where the Solid Waste Director or Landfill Operator 
will inspect the waste and determine proper disposal of the waste. 
 
Waste Treatment and Processing Facility/Landfill: 
The Solid Waste Operations personnel conduct regular random load inspection of waste entering 
the Waste Treatment and Processing Facility.  Currently, inspections are conducted on 
approximately 5-10% of the waste stream.  At a minimum, inspected loads will always represent 
1% of the waste stream.  Operators receive yearly training from SWANA On-site Waste 
Screening and Healthy and Safety Training Courses.  These courses teach operators to recognize 
potentially hazardous wastes by container markings and waste characteristics such as noxious 
odor.  Completed inspection reports are kept at the baling facility until being filed at the Solid 
Waste Administration Building.  The records are updated monthly.  Most banned wastes are non-
hazardous and common in nature; such as tires, metal, lead-acid batteries, etc., and are simply 
removed from the waste stream and taken to the proper disposal area.  Banned wastes that are 
brought in by individuals are refused and the generator/hauler is instructed as to proper disposal 
of the waste.  If a waste of suspected hazardous or unknown nature is found, procedures for a 
Special Waste Handling Occurrence are followed. 
 
Random Load Inspection Procedures: 

 Driver is directed to dump load on the tipping floor of the bale facility off to the side of 
the regular waste stream. 

 The load is spread using the bucket of a rubber-tired loader. 
 The load is then inspected by landfill personnel to search for hazardous/banned wastes. 
 Any unacceptable wastes found are removed from the load and taken to the proper 

disposal area.  If hazardous or unknown wastes are discovered, procedures for a Special 
Waste Handling Occurrence are followed.  



 Remaining, acceptable wastes are then incorporated back into the waste stream for 
disposal. 

 
Special Waste Handling Occurrence Procedures: 
 
If a known hazardous waste or waste of unknown nature that exhibits potentially hazardous 
characteristics is discovered, the following steps should be taken: 

1. Secure the waste.  Move waste away from the operating area to an isolated section of the 
tipping floor.  If necessary, construct a dam around the suspected waste using absorbent 
material or socks.  Remove public and personnel from contact with the waste.  Depending 
on the nature of the hazard, this would include: at minimum, placing cones or other 
restrictive barrier around waste; and up to, complete evacuation of public and personnel 
from the bale facility and a safe perimeter around the facility.  In the event of a closing of 
the Waste Treatment and Processing Facility, waste would be directed to the landfill. 

2. Identify waste generator/hauler.  Hold and question generator/hauler of the waste as to 
the source and nature of the waste. 

3. Notify Solid Waste Director Immediately. 
4. Contact Emergency Management Services.  If the nature of the waste presents an acute 

or immediate hazard to personal safety, contact EMS by dialing 911.  EMS may also 
contact the Regional Hazardous Waste Management Team located in Asheville, North 
Carolina. 

5. Notify NCDENR.  Notify NCDENR by telephone of the situation within 24 hours of the 
occurrence.  NCDENR should also be notified in writing of the occurrence within 15 
days.  This notice will be sent by completion of a Special Waste Handling Occurrence 
Report.  Blank forms are located at the Solid Waste Administration Building. 

6. Properly dispose of waste.  Follow up, and include in the report, on final status of the 
waste.  Either, the waste was identified and acceptable for burial in the landfill or the 
waste was handled by contractor or other agent to remove the waste for proper disposal at 
acceptable waste handling facility. 
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Appendix 4 
 

Letter from Zoning Committee 
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Appendix 5 
 
Correspondence from Town of Franklin Wastewater Treatment Facility Approving 
Leachate Acceptance and Pretreatment Permit 
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Appendix 6 
 

Correspondence regarding approved methods of Alternate Daily Cover 
 
 
 
 
 
 













Revised by McGill Associates May 2015 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Appendix 7 
 

Airspace Volume Calculations – Five-Year Permitting Period 



Appendix 7 
Airspace Volume Calculations – Five-Year Permitting Period 

 
 
 
Notes:   
1)  Five-Year permitting period runs from 2017 through 2021.  
2)  Assume a 1% annual increase in waste growth for 2016, 1.5% for 2017 through 2021. 
3)  Assume compaction rate of 0.5 tons/cy 
 
 
 
Waste Trends  
 
May 1, 2014 through April 30, 2015 waste tonnage:  29,974 tons. 
Waste tonnage projected for 2016 (@1.0% annual increase:  30,274 
Total waste tonnage projected (@1.5% annual increase) through  
end of five-year permitting period:   158,318 tons  
 
 
Airspace Summary 
 
Airspace available for the disposal of waste,  
as measured from the top of the stone drainage layer 
to the bottom of either the intermediate or final cap grades 
utilizing ACAD Civil 3D Software  450,000 cy  
 
Lifetime Estimate 
 
Estimated lifetime of cell based on 
31,663 tons/yr and 0.5 tons/cy compaction:  7.1 years* 
*note: estimate is to bottom of cap grades noted on Permit Drawings, 
  which are not feasible to obtain efficiently.  Additional  
  landfill airspace will be required in approximately 5 years. 
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Appendix 8 
 

Management of Universal Wastes: 
Mercury Containing Lamps and Devices 



Appendix 8: Mercury Containing Products 
 
1. General Conditions: 

 

a) The Macon County Solid Waste Department will accept waste Mercury Containing 
Devices (MCD) and Lamps Containing Mercury (LCM) from residents and commercial 
entities. MCD’s and LCM’s will be accepted at the Materials Recovery Facility (MRF), 
located at the MSW Landfill facility at 1448 Lakeside Drive, Franklin, North Carolina 
during normal operating hours (Monday through Friday from 7:30am until 4:30pm, and 
Saturday 8:00am until 2:00pm).  An Operator on staff will oversee and assist the 
receiving of MCD’s and LCM’s to insure that wastes are intact (not  broken or leaking); 
insure proper storage in a storage box or container; and provide a  count of items received 
for the purposes of inventory tracking and invoicing, if  applicable. 
b) Universal Waste Storage: A section of the tipping floor in the MRF is being used as a 
Universal Waste Handling Area. This area is secured by a fenced enclosure with locking 
doors. The area will be signified by a sign located on the door. Appropriate containers 
will be located in the secured area for the temporary storage of the wastes. A label will 
be placed on each container once the first waste has been placed in the container. The 
label will detail the following information:  Notification that the container holds a 
Universal Waste (-Mercury Containing Equipment; or – Used Lamps), and the date the 
first waste was placed in the container. 
c) Training and Emergency Response:  Landfill staff will be trained in the proper 
handling and storage procedures associated with management of LCM’s and MCD’s as 
well as spill containment and decontamination procedures.  Additionally, materials for 
cleaning up a mercury spill and a sign detailing cleanup procedures will be provided in 
the storage area. 
d) Universal Waste Recycling:  LCM’s and MCD’s will be shipped to or collected by a 
company authorized to manage and recycle these materials. A further description of 
these companies is listed below. 

 
2. Management of Mercury Containing Devices (MCD): 

 

a) Acceptance: Waste MCD’s are defined as thermostat switches which contain an 
ampule of mercury as a functioning part of the device. The devices must be received 
with the ampule intact so that mercury is not released into the environment.  MCD’s will 
be accepted at no charge at the Materials Recovery Facility (MRF), located at the MSW 
Landfill facility at 1448 Lakeside Drive, Franklin, North Carolina during normal 
operating hours. 

 
b) Packaging and Storage: MCD’s will only be stored in the designated Universal Waste 
Handling Area at the MRF. The devices will be placed into a sealed bag and then into a 
plastic recycling bin provided by the vendor. A label will be placed on the container once 
the first MCD is placed in the container. The label will contain information identifying 
that the container holds a Universal Waste – Mercury Containing Device, and               
the date of the first device being placed in the container.  The bins will remain closed at 



 
 

all times that devices are not being added to the bin.  Storage of the bins will be limited to 

one-year or until the bin is full; whichever occurs first. 

 

c)  Recycling Vendor:  The Macon County Solid Waste Department is partnered with the 

Thermostat Recycling Corporation (TRC) for the recycling of waste thermostats 

containing Mercury.  Bins are shipped from TRC to the Solid Waste Department.  Once 

full, the Solid Waste Department will contact TRC to make arrangements for the pick-up 

of the bins.   

 

d)  Emergency Response and Cleanup:  In the event a mercury containing thermostat is 

broken at the facility, the following procedures will be followed.  An operator will put on 

latex gloves and put any pieces in a sealable bag.  Any remnants will be collected in a 

dustpan by use of a squeegee and placed in the bag.  Any visible liquid mercury will be 

collected by placing duct tape over the area.  The tape will then be added to the bag.  

Finally, a wet scrubbing towel will be used to wipe down the area as well at the dustpan, 

squeegee, and the wipe will be placed in the bag.  The bag and its contents will then be 

placed in container with sealing lid, and the date will be noted on the container.  The 

container will be transferred to Southeast Recycling Technologies within ninety (90) 

days. 

 

3. Management of Lamps Containing Mercury (LCM): 

 

a)  Acceptance:  Unbroken waste LCM’s will be accepted at the Materials Recovery 

Facility (MRF), located at the MSW Landfill facility at 1448 Lakeside Drive, Franklin, 

North Carolina during normal operating hours.  Residential quantities of lamps will be 

accepted at no charge at the facility.  Commercial conditionally-exempt small quantity 

lamps will be accepted for a fee to cover the costs of recycling, materials and handling.  

Broken bulbs are not accepted.  Broken lamps from residential generators will be placed 

in the landfill as household exempted wastes.  Commercial quantities of broken bulbs are 

hazardous waste.  They will be rejected from delivery and must be taken to a hazardous 

waste handling facility. 

 

b)  Packaging and Storage: LCM’s will only be stored in the designated Universal Waste 

Handling Area at the MRF.  Waste lamps will be placed into suitable containers or 

packages that are structurally sound, adequate to prevent breakage, and compatible with 

the contents of the lamps.  The containers will be kept closed unless actively being filled 

with waste lamps.  Upon the first lamp being placed in a container, a label will be applied 

signifying that the container holds Universal Waste Lamps, and the date.  Filled 

containers will be transferred to a locked storage trailer just outside of the MRF in order 

to keep the handling area from becoming overly cluttered and to further reduce the 

potential of breaking the lamps during operations.  The lamps will be stored until 

sufficient quantities are amassed to contact the vendor for collection, or before the oldest 

containers have been stored for one year; whichever occurs first. 

 

c) Recycling Vendor:  Macon County has partnered with Southeast Recycling 

Technologies as an approved vendor under the State Convenience Contract 926B for the 



 
 

recycling of LCM’s.  Macon County may wish to contract with other vendors for this 

service, but will only select vendors that are approved under the State Contract. 

 

d) Emergency Response and Cleanup:  In the event a mercury containing lamp(s) is(are) 

broken at the facility, the following procedures will be followed.  An operator will put on 

latex gloves and put the pieces of the lamp into a sealable bag.  Smaller pieces and any 

powder from the lamp will be collected in a dustpan with a squeegee and also placed in 

the bag.  Finally, the operator will use a moistened scrubbing towel to wipe down any 

residual waste and the squeegee and dustpan.  The towel will then be placed in the bag 

along with the latex gloves.  The bag will be sealed and placed, along with its contents 

into a container with a sealing lid.  The date will be recorded on the container, and the 

container will be forwarded to the universal waste lamp recycler within ninety (90) days. 
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Waste Type and Quantity GeneratorDate

Macon County Solid Waste                                                                                                                               

Universal Waste Log



As part of the Macon County Solid Waste program to accept Universal Waste Mercury 

Containing Lamps and Devices; this sign will be posted on the secured enclosure delineating the 

waste handling area: 

 

 

Universal Waste Handling Area 
 

Macon County is a small quantity universal waste handler.   Please ask for assistance.  

DO NOT disturb this area if you are not part of staff trained in proper handling of 

universal waste bulbs. 

 

STAFF: Each Container must be labeled with the following information 

 

UNIVERSAL WASTE LAMPS/DEVICES 

Macon County Solid Waste 

Accumulation Start Date 

 

CONTAINER MUST BE CLOSED AT ALL TIMES WHEN NOT ACTIVELY 

FILLING CONTAINER 

 

DO NOT STORE NEW AND USED BULBS IN THE SAME CONTAINER 

 

DO NOT PLACE LAMPS IN CONTAINERS THAT ARE TAPED OR BOUND 

TOGETHER 

 

ALWAYS FOLLOW EMERGENCY RESPONSE PROCEDURES IN THE EVENT 

OF BULB BREAKAGE 
 

 



Section 7: Closure and Post-Closure Plan 
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CLOSURE AND POST-CLOSURE PLAN 
Macon County MSW Landfill 

Phase 3 Cell 1 
 
 
 The final cap system for the Phase 3 Cell 1 Expansion at the Macon County MSW Landfill will be 

constructed in a progressive manner.  As substantial areas of the landfill are brought to final grade, 
the cap system will be constructed in order to minimize infiltration of stormwater and to reduce 
leachate production.  The Phase 3 Cell 1 Expansion, which covers a total area of approximately 
7.6 acres, is estimated to reach capacity in 2022. 

 
1.0 CAP DESCRIPTION AND CONSTRUCTION 

 
 A detail of the final cap is shown on Sheet C-501 of the permit drawings.  The cross-section will 

consist of a one-foot layer of compacted on-site soils (intermediate cover), a compacted clay liner 
with a minimum thickness of 18 inches and a maximum permeability of 1.0 x10-5 cm/sec, a 40-mil 
HDPE textured geomembrane, a double-sided geocomposite drainage layer, and a vegetative 
supportive layer with a minimum thickness of 24 inches.  

 
 1.1 Cap Foundation (intermediate cover) 
 
 The cap foundation cover (intermediate cover) is designed to minimize infiltration of stormwater 

into the landfill prior to placement of the barrier cap, and to provide a sound working platform 
over the municipal solid waste.  The compacted intermediate cover will extend over the entire 
waste area and consist of compacted soil with a minimum thickness of 12 inches. 

 
 1.2 Clay Liner 
  
 The composite cap system consists of an 18-inch thick compacted clay layer and an overlying 

textured geomembrane.  The clay liner is the first portion of the composite cap system. The 
function of the clay liner is to minimize surface water infiltration into the underlying waste cell.  
The clay liner must be constructed of clay soil with a minimum thickness of 18 inches and a 
maximum permeability of 1.0 x10-5 cm/sec.  The clay soil may consist of on-site soils, off-site 
soils, or a combination of the two.  The soil may require the addition of bentonite to meet the 
permeability requirements. The design of the landfill cap provides for a minimum number of 
penetrations through the low permeable barrier cap.  The only anticipated penetrations will be for 
leachate collection piping cleanouts and methane gas system wells.   

 
1.2a - Construction Requirements 
 
Construction methods for the compacted clay liner shall be based upon the type and quality of the 
borrow source and shall be verified in the field by constructing test pad(s).  The CQA engineer 
shall ensure that the compacted clay liner installation conforms to the Design Study approved by 
the Division of Solid Waste (Division), including the following minimum requirements: 

 
 1.  A test pad shall be constructed prior to beginning installation of the compacted clay liner and at 

any time when there is a significant change in soil material properties.  The location, equipment, 
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liner thickness, and subgrade slope and conditions shall be representative of full-scale 
construction.  Acceptance and rejection criteria shall be based on results from the tests as specified 
in Section 1.2b.  For each lift, a minimum of three (3) locations shall be established for testing 
moisture content and density, and collecting a composite sample for recompacted lab permeability.  
In addition, at least one shelby tube sample, or another in-situ test approved by the Division, shall 
be collected or performed for each lift of the test pad constructed.  These samples will be used for 
performing lab permeability tests. 

  
 2.  Soil conditioning, placement, and compaction shall be maintained within the range identified in 

the moisture-density-permeability relation developed in accordance with Section 1.2b. 
 
 3.  The final compacted thickness of each lift shall be a maximum of six inches. 
  
 4.  Prior to placement of successive lifts, the surface of the lift in place shall be scarified or 

otherwise conditioned to eliminate lift interfaces. 
  

5. The final lift shall be adequately protected from environmental degradation. 
 

 
 1.2b - Construction Quality Assurance Requirements 
 
 clay liner - The project engineer shall ensure that the clay liner installation 

conforms to the Division approved  Site Specific Construction Quality Assurance Plan.  All 
(CQA) requirements for the clay liner installed as part of the landfill cap system will be the same 
requirements that the clay liner installed as part of the composite base liner system.  The only 
difference is as follows: 

 
 The clay liner portion of the cap system is required to have a permeability not greater than 1.0 

x 10-5 cm/sec and must have a minimum thickness of 18 inches.  The clay liner portion of the 
composite base liner is required to have a permeability not greater than 1.0 x 10-7 cm/sec and a 
minimum thickness of 24 inches, or a geosynthetic composite liner (GCL) system consisting of 
a minimum 18 inches of compacted soil with a permeability not greater than 1.0 x 10-5 overlain 
with a GCL material with a demonstrated hydraulic conductivity of not more than 5 x 10-9 
cm/sec under the anticipated confining pressure.   
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 1.3 Geomembrane Liner  
  
 The geomembrane liner is the second portion of the composite cap system.  The geomembrane 

liner shall have a demonstrated vapor transmission rate of not more than 0.03 gm/m2-day.  The 
liner material and any seaming materials shall have chemical and physical resistance not adversely 
affected by environmental exposure, waste placement and leachate generation.  The type of 
geomembrane used for constructing the composite cap system shall be in accordance with this 
section and approved by the Division. 

 
i. High density polyethylene (HDPE) geomembrane liners shall have a minimum thickness of 

40 mils. 
ii. The minimum thickness of any geomembrane approved by the Division shall be greater 

than 30 mils. 
 
 geonet drainage layer - A double-sided, eight (8)-ounce geocomposite will be placed on top of 

the 40-mil textured geomembrane.  The materials used for the geonet drainage layer shall comply 
with the following: 

 
i. The chemical properties of the drainage layer materials shall not be adversely affected by 

waste placement or leachate generated by the landfill. 
ii. The physical and hydraulic properties of the drainage layer materials shall promote lateral 

drainage of leachate through a zone of relatively high permeability or transmissivity under 
the predicted loads imposed by overlying materials. 

 
 
 
 1.3a - Construction Requirements 
 

The project engineer shall ensure that the geomembrane installation conforms to the requirements 
of the manufacturer’s recommendations and the Division approved plans including the following: 
 

i. The surface  of the supporting soil upon which the geomembrane will be installed shall be 
reasonably free of stones, organic matter, protrusions, loose soil, and any abrupt changes in 
grade that could damage the geomembrane; 

ii. Field seaming preparation and methods, general orientation criteria, and restrictive weather 
conditions approved by the Division; 

iii. Approved Anchor trench design; 
iv. Critical tensile forces and slope stability; 
v. Protection from environmental damage; and 
vi. Physical protection from the materials installed directly above the geomembrane. 

 
 geonet drainage layer - The construction of the geonet drainage layer shall conform to the 
 following: 
 

i. The drainage layer materials shall be placed according to the Division approved plans and 
in a manner that prevents equipment from working directly on the geomembrane. 
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ii. The drainage layer materials shall be stable when placed on the slopes specified on the 
construction plans. 

 
 
 1.3b - Construction Quality Assurance Requirements 
 
 geomembrane liner - The project engineer shall ensure that the geomembrane installation 
 conforms to the requirements of the manufacturer’s recommendations and the Division 
 approved  Site Specific Construction Quality Assurance Plan. 
 
 geonet drainage layer - The project engineer shall ensure that the geonet installation conforms to 

the requirements of the manufacturer’s recommendations and the Division approved Site Specific 
Construction Quality Assurance Plan. 

 
 

1.4 Methane Gas Removal System 
 
 The proposed methane gas collection system for Phase 3 Cell 1 has been shown on the final cap 

grades drawing in the permit drawings.  The proposed system will be consist of passive gas vents, 
installed as shown in the detail for the passive gas vent on Sheet C-502 of the permit drawings. 

 
 An HDPE boot will be placed at the area where the passive gas vent penetrates the geomembrane 

to retard surface water infiltration into the waste layers.  A bentonite/soil mixture will also be 
placed and compacted around the gas vents where the vents penetrate the clay liner. 

 
 The Construction Quality Assurance representative will observe and photo document the 

installation of each passive gas vent installed in the final cap of the landfill. 
  
 
 

1.5 Final Cover 
 
 The final cover will be a total of 24-inches thick.  The soil cover will be suitable to provide 

support for a vegetative cover and protect the low-permeability barrier.  
 
 1.5a - Materials Required 
 
 A grass cover is proposed for the Landfill to provide the required cover while minimizing cap 

maintenance.  The surface will be prepared by fertilizing and placing seed in accordance with the 
North Carolina Erosion and Sediment Control Standards.  The lower 12 inches of the final cover 
will be constructed of native soils.  Although the material will not be required to have a specific 
classification or permeability, it should be a cohesive soil.  The upper 6 inches of the final cover 
should be suitable for supporting vegetative growth.  The materials used for the top portion of the 
final cover shall meet the following criteria: 

 
  i. Uppermost soil 
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  Natural, friable, loamy soil, typical of local soil which produces heavy vegetative 
growth; free from subsoil, weeds, sods, stiff clay, stones larger than  1 inch, toxic 
substances, litter, or other foreign material harmful to plant  growth; having a pH 
between 6.0 and 7.0. 

 
 GRADING ANALYSIS 
 

Sieve Minimum Percent Passing 

  

2 inch 100 

No. 4 90 

No. 10 80 
 Topsoil shall contain sand, silt, and clay as required by AASHTO M146. 
 

 Minimum Percent Maximum Percent 

   

Sand 20 75 

Silt 10 60 

Clay 5 30 
 
  ii. Fertilizer and/or Compost: 
 
   The uppermost soil material shall be tested prior to spreading to determine the amount 

of fertilizer and/or compost material that should be added to achieve optimum growth 
potential of the required vegetative cover. 

 
   The quality of fertilizer and/or compost and all operations in connection with the 

furnishing of this material shall comply with the requirements of the North Carolina 
Fertilizer Law and regulations adopted by the North Carolina Board of Agriculture. 

 
   Fertilizer and/or compost shall be 10-10-10 grade.  Upon written approval of the 

Engineer a different grade of fertilizer may be used, provided the rate of application is 
adjusted to provide the same amounts of plant food. 

 
   During handling and storing, the fertilizer shall be cared for in such a manner that it 

will be protected against hardening, caking, or loss of plant food values.  Any 
hardened or caked fertilizer shall be pulverized to its original conditions before being 
used. 

 
i. Lime: 
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   The uppermost soil material shall be tested prior to spreading to determine the amount 
of lime that should be added to achieve optimum growth potential of the required 
vegetative cover. 

   The quality of lime and all operations in connection with the furnishing of this material 
shall comply with the requirements of the North Carolina Lime Law and regulations 
adopted by the North Carolina Board of Agriculture. 

 
   During the handling and storing, the lime shall be cared for in such a manner that it 

will be protected against hardening and caking.  Any hardened or caked lime shall be 
pulverized to its original condition before being used. 

 
   Lime shall be agriculture grade ground dolumitic limestone.  It shall contain not less 

than 85% of the calcium and magnesium carbonates and shall be of such fineness that 
at least 90% will pass a No. 10 sieve and at least 50% will pass a No. 100 sieve. 

 
  iv. Seed: 
 
   The quality of seed and all operations in connection with the furnishing of this material 

shall comply with the requirements of the North Carolina Seed Law and regulations 
adopted by the North Carolina Board of Agriculture. 

 
   Seed shall have been approved by the North Carolina Department of Agriculture or 

any agency approved by the Engineer before being sown, and no seed will be accepted 
with a date of test more than nine (9) months prior to the date of sowing.  Such testing 
however, will not relieve the Contractor from responsibility for furnishing and sowing 
seed that meets these specifications at the time of sowing.  When a low percentage of 
germination causes the quality of the seed to fall below the minimum pure live seed 
specified, the Contractor may elect, subject to the approval of the Engineer, to increase 
the rate of seeding sufficiently to obtain the minimum pure live seed contents 
specified, provided that such an increase in seeding does not cause the quantity of 
noxious weed seed per square yard to exceed the quantity that would be allowable at 
the regular rate of seed. 

 
   During handling and storing, the seed shall be cared for in such a manner that it will be 

protected from damage by heat, moisture, rodents, or other causes. 
 
   Seed shall be entirely free from bulblets or seed of Johnson Grass, Nutgrass, Sandbur, 

Wild Onion, Wild Garlic, and Bermuda Grass.  The specifications for restricted 
noxious weed seed refers to the number per pound, singly or collectively, of Blessed 
Thistle, Wild Radish, Canada Thistle, Corncockle, Field Bindwee, Quackgrass, 
Dodders, Dock, Horsenettle, Bracted Plantain, Buckhorn or Wild Mustard; but in no 
case shall the  number of Blessed Thistle or Wild Radish exceed 27 seeds of each per 
pound.  No tolerance on weed seed will be allowed. 

 
 
  v. Mulch: 
 



  Closure and Post Closure Plan 
  Macon County MSW Landfill 
  Page 7 

   Straw mulch shall be threshed straw of oats, rye or wheat free from matured seed of 
obnoxious weeds or other species which would grow and be detrimental to the 
specified grass. 

 
 
 1.5b - Construction Requirements 
 
  Uppermost soil shall be placed according to the following requirements: 
 
  i. Use equipment and methods to prevent damage to other components of the final cap 

system such as the clay liner, 40-mil textured geomembrane, and gas collection piping. 
 
  ii. The uppermost soil shall be spread by utilizing small equipment with a relatively low 

ground pressure.  This will reduce the potential of the underlying layers of the final cap 
being damaged.  Prior to placing topsoil, shape the underlying soil layer to graded lines 
and cross sections to provide for 6 inches of compacted topsoil.  Clear the underlying 
soil layer of materials larger than 2” in diameter. 

 
  iii. After alignment of the underlying soil, loosen and till to a depth of 6 inches by disking, 

harrowing, rototilling, or other approved methods to assure that the topsoil layer 
properly adheres to the underlying soil layer. 

 
  iv. After the condition of the underlying soil layer has been approved by the on-site CQA 

personnel, place and spread topsoil to achieve required depth after compaction; rake 
and remove materials larger than 2 inches.  Compact with approved roller equipment, 
grade to finished tolerances, and prepare the seedbed in accordance with the approved 
Phase 3 Cell 1 Technical Specifications 

 
  Seed, fertilizer and lime shall be applied according to the following: 
 

Seed shall be applied by means of a hydro-seeder or other approved methods.  The rates of 
application of seed, fertilizer and limestone shall be as stated below, unless pre-construction 
testing is contrary to these rates and can be documented. 
 
All rates are in pounds per acre: 

 
  Fertilizer and/or compost - 1000 lbs. per acre 
  Lime - 4,000 lbs. per acre 
  KY-31 Fescue - 100 lbs. per acre 
  Straw mulch – 60 to 80 bales 
 
  For summer seeding the following shall be added: 

 German Millet - 10 lbs. per acre 
 Sudangrass – 15 lbs. per acre  

 
    For winter seeding the following shall be added: 

 Rye grain – 15 lbs. per acre 
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    For steep slopes the following shall be added: 
 Sericea Lespedeza – 40 lbs. per acre 

 
 

Equipment to be used for the application, covering or compaction of limestone, fertilizer, 
compost, and seed shall have been approved by the Engineer before being used on the project.  
Approval may be revoked at any time if equipment is not maintained in satisfactory working 
condition, or if the equipment operation damages the seed.  Limestone, fertilizer, compost, and 
seed shall be applied within 24 hours after completion of seedbed preparation unless otherwise 
permitted by the Engineer, but no limestone, fertilizer, or compost shall be distributed and no 
seed shall be sown when the Engineer determines that weather and soil conditions are 
unfavorable for such operations. 

 
Limestone may be applied as a part of the seedbed preparation, provided it is immediately 
worked into the soil.  If not so applied, limestone and fertilizer shall be distributed uniformly 
over the prepared seedbed at the specific rate of application and then harrowed, raked, or 
otherwise thoroughly worked or mixed into the seedbed. 

 
Seed shall be distributed uniformly over the seedbed at the required rate of application, and 
immediately harrowed, dragged, raked, or otherwise worked so as to cover the seed with a 
layer of soil.  The depth of covering shall be as directed by the Engineer.  If two kinds of seed 
are to be used which require different depths of covering, they shall be sown separately. 

 
When a hydraulic seeder is used for application of seed and fertilizer, the seed shall not remain 
in water containing fertilizer for more than 30 minutes prior to application unless otherwise 
permitted by the Engineer. 

 
Immediately after seed has been properly covered the seedbed shall be compacted in the 
manner and degree approved by the Engineer. 

 
Mulch shall be applied according to the following: 
 
It shall be spread uniformly at the rate give above and in a continuous blanket over the areas 
specified. 

 
Before mulch is applied on cut or fill slopes which are 3:1 or flatter, and ditch slopes, the 
Contractor shall remove and dispose of all exposed stones in excess of 2 inches in diameter 
and all roots or other debris which will prevent proper contact of the mulch with the soil. 

 
Mulch shall be applied within 24 hours after the completion of the seeding unless otherwise 
permitted by the Engineer.  Care shall be exercised to prevent displacement of soil or seed or 
other damage to the seeded area during the mulching operations. 

 
Mulch shall be uniformly spread by hand or by approved mechanical spreaders or blowers that 
will provide an acceptable application.  An acceptable application will be that which will 
allow some sunlight to penetrate and air to circulate but also partially shade the ground, reduce 
erosion, and conserve soil moisture. 
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Mulch shall be held in place by applying a sufficient amount of approved binding material to 
assure that the mulch is properly held in place.  The rate and method of application of binding 
material shall meet the approval of the Engineer.  Where the binding material is not applied 
directly with the mulch, it shall be applied immediately following the mulch operation. 

 
The Contractor shall take sufficient precautions to prevent mulch from entering drainage 
structures through displacement by wind, water, or other causes and shall promptly remove 
any blockage to drainage facilities that may occur. 
 
1.4c - Construction Quality Assurance Requirements 
 
Macon County will ensure that the materials described above are utilized for the final 
cover and that their placement is done in accordance with the above detailed Construction 
Requirements.  The project engineer will ensure that the materials and methods described 
above are utilized to construct the final cover system, and that all requirements of the Site 
Specific Construction Quality Assurance Plan are met.  
 

 2.0 ON-SITE WASTE INVENTORY 
 
 At closure, the amount of waste on site is estimated to be: 
 
  Existing Phases 1 & 2    -  702,000 tons 
  Proposed Phase 3 Cell 1 -  162,000 tons 
  Total                                   864,000 tons 
 
 
 3.0 CLOSURE SCHEDULE 
 
 3.1 Notification of Division of Solid Waste 
 
 Prior to beginning closure of the Macon County MSW Landfill, the Macon  County will notify the 

Division of Solid Waste of the intent to close the landfill.  
 
  Probable Date of Closure:  Summer 2022 
 
 3.2 Begin Closure 
 
 Macon County will begin closure activities of the Macon County MSW Landfill unit no later than 

30 days after the date on which the MSWLF unit receives the known final receipt of wastes or, if 
the MSWLF unit has remaining capacity and there is a reasonable likelihood that the MSWLF unit 
will receive additional wastes, no later than one year after the most recent receipt of wastes.    
Extensions beyond the one-year deadline for beginning closure may be granted by the Division if 
the owner or operator demonstrates that the MSWLF unit has the capacity to receive additional 
wastes and the owner or operator has taken and will continue to take all steps necessary to prevent 
threats to human health and the environment from the unclosed MSWLF unit.  

 
  Probable Date:  Fall 2022 
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 3.3 Completion of Closure 
 
 Macon County will complete closure activities of the Macon County MSW Landfill in accordance 

with the closure plan within 180 days following the beginning of closure.  Extensions of the 
closure period may be granted by the Division if the owner or operator demonstrates that closure 
will, of necessity, take longer than 180 days and they have taken and will continue to take all steps 
to prevent threats to human health and the environment from the unclosed MSWLF unit. 

 
  Probable Date:  Summer 2023 
 
 3.4 Recording of Closure 
 
 Following closure of the Macon County MSW Landfill, Macon County will record a notation on 

the deed to the Macon County MSW landfill facility property, or some other instrument that is 
normally examined during a title search, and notify the Division that the notation has been 
recorded. 

 
 The notation on the deed must in perpetuity notify any potential purchaser of the property that: 
 
 1. The land has been previously used as a landfill facility; and 
 2. Its use is restricted under the Division of Solid Waste approved Closure Plan 
 
  Probable Date: Fall 2023 
 
 
 3.5 Engineer’s Certification 
 
 Following closure, Macon County shall notify the Division of Solid Waste that a certification, 

signed by the project engineer verifying that closure has been completed in accordance with the 
closure plan, has been placed in the operating record. 

 
 
 4.0 POST CLOSURE PLAN 
 
 4.1 Inspections 
 
 Following closure of each MSWLF unit, the owner or operator shall conduct post-closure care for 

30 years, except as provided under .1627(d)(2) of the Solid Waste Rules.  Inspections of the final 
cover will be performed according to the table below and the condition of the facility will be 
recorded with notes, maps, and photographs.  Since Macon County intends to operate the Macon 
County MSW Landfill after Phase 3 Cell 1 has reached capacity, landfill personnel will be on-site 
to perform inspections on a frequent basis. 

 
 The inspection will take notice of: 
 
 1. Eroded banks 
 2. Patches of dead vegetation 
 3. Animal burrows 
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 4. Subsidence (settlement) 
 5. Cracks along the cover 
 6. Any areas of run-on or eroded run-off.  
 
 The inspector will note the condition of: 
 
 1. Concrete catch basins and stormwater control facilities 
 2. Leachate collection and removal pipes 
 3. Gas monitoring wells 
 4. Water monitoring wells 
 
 Areas showing subsidence, cracking, signs of erosion, or damage are to be repaired.  
 
Schedule of Inspections 

Years  
(following closure) 

Minimum Yearly 
Inspections 

0-2 4 
2-30 2 

 
 4.2 Maintenance 
 
 The vegetative cover will be trimmed at least two times a year.  In the early stages of 

development, fertilization and/or compost will be applied annually as needed. 
 
 The leachate collection and removal pipes will be flushed and pressure-cleaned annually. 
 
 The Gas Removal System will be inspected annually, and cleaned as necessary. 
 
 Vegetative growth around gas collection wells will be cleaned away and all wells will be clearly 

marked to prevent accidental damage.  
 
 4.3 Monitoring 
 
 Explosive gas monitoring will take place on a quarterly basis according to the procedural outline 

contained in the LFG Monitoring Plan.  
 
 Surface and ground water testing will take place semiannually or as directed by the Division of 

Solid Waste.  
 
 The leachate will also be sampled semi-annually to determine the quality and constituents present.  

Leachate will be analyzed for Appendix 1 constituents as well as BOD, COD, phosphate, nitrate, 
sulfate, and pH. 

 
 4.4 Leachate collection and treatment 
 
 Until it can be demonstrated that leachate concentrations become low enough so as not to pose a 

threat to human health or the environment, leachate collection and treatment shall continue in 
accordance with the requirements in Rules .1624 and .1626.  Such a demonstration should address 
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direct exposures of leachate releases to ground water, surface water or seeps.  Indirect effects, such 
as accumulated leachate adversely affecting the chemical, physical, and structural containment 
systems that prevent leachate release, also should be addressed in the demonstration.  

 
 4.5 Planned use and personal contact 
 
 Preliminary proposals for the planned use of the facility, following Closure includes developing 

exercise and bike trails along the periphery of the landfill property and a light industry associated 
with the combustion of methane gas.  Any alternate use of the landfill after closure has been 
completed will be approved by the Division of Solid Waste prior to implementation.  The person 
to contact regarding the facility during the Post-Closure period is: 

 
  Macon County Solid Waste Department 
  Mr. Chris Stahl, Solid Waste Director 
  1448 Lakeside Drive  
  Franklin, North Carolina  28734 
  Telephone (828) 349-2100 
 
 4.6a Water Quality Monitoring Plan 
 
 A Design Hydrogeologic Report and Environmental Monitoring Plan for Phase 3 Cell 1 of the 

Macon County MSW Landfill was prepared by BLE, Inc.  This includes discussion of the existing 
monitoring system, proposed monitoring system, additional well construction, water level 
monitoring, aquifer testing, and groundwater sampling and analysis. 

 
 4.6b Landfill Gas Monitoring Plan 
 
 A Landfill Gas Monitoring Plan for Phase 3 Cell 1 of the Macon County MSW Landfill was 

prepared by BLE, Inc.  This includes discussion of the existing monitoring system, proposed 
monitoring system, and landfill gas testing and reporting procedures. 

 
 
 4.7 Engineer’s Certification 
 
 Following completion of the post-closure care period, Macon County shall notify the Division of  

Solid Waste that a certification, signed by the project engineer verifying that post-closure care has 
been completed in accordance with this post-closure plan, has been placed in the operating record.
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 5.0  LEACHATE STORAGE CLOSURE PLAN 
 

Macon County shall complete the closure activities outlined in this plan within 180 days after 
liquid collection has ceased.  

 
A.   At closure, the liner and all solid waste shall be removed from the lagoon and connecting 

lines.  The lagoon liner and all solid waste removed shall be properly handled and disposed 
of according to Federal and State requirements.  All connecting lines shall be disconnected 
and securely capped or plugged. 

 
 B. The lagoon site will be modified to act as a stormwater management feature. 
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6.0      Closure and Post Closure Cost Analysis and Summary 
6.1     Closure Cost Estimate 

Unit Cost Total Cost 
Item 1 - Mobilization Lump Sum $60,059  

Item 2 - Erosion and Sedimentation Control 
400 L.F.. Sediment Barriers $5.47 /L.F. $2,188  
8 Acres Grassing $1,504.91 /Acres $12,039  
30 C.Y. Rip Rap $65.67 /C.Y. $1,970  
800 L.F. Letdown Flume $19.70 /L.F. $15,760  

Item 3 - 
Earthwork 
18,500 C.Y. 18-inch Clay Cap   $3.29 /C.Y. $60,865  
25,000 C.Y. 24-inch Vegetative Cover $2.74 /C.Y. $68,500  

Item 4 - Geosynthetics 
331,056 S.F. 40 Mil Textured HDPE $0.55 /S.F. $182,081  
331,056 S.F. Double Sided Geocomposite Drainage Net $0.43 /S.F. $142,354  

Item 5 - Access Road 
1,300 S.Y. 6" ABC, 6" RR $9.85 S.Y. $12,805  

  
Item 6 - Gas Controls 
9 Each Gas Vents $1,641.71 Each $14,775  

Item 7 - Testing / Documentation Lump Sum $172,529  

Subtotal Construction Cost $745,925  

Item 8 - Engineering / Inspection ( @±5% of Const. Cost) $37,296  

Item 9 - Legal / Administration (@±1% of Const. Cost) $7,459  

Item 10 - Contingencies (@±5% of Const. Cost) $37,296  

MSW Landfill Total Closure Cost $827,976  
Phase 3 Cell 1 Area     7.60 
Cost per Acre     $108,944.21  
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6.2    Post-Closure Cost Estimate 

Item 1 - Environmental 
Monitoring Total Annual Cost 

Semi-Annual Ground Water Monitoring - 4 Wells @ 
$500.00/well/event x 2 events/yr $2,000  
Semi Annual Surface Water Monitoring - 4 points @ 
$500.00/each/event x 2 events/yr $4,000  
Semi-Annual Leachate Monitoring - 1 sample @ 
$500.00/each/event x 2 events/yr $1,000  
Methane monitoring (by 
County Staff) $0  

Item 2 -  Routine 
Repairs 

0.5 acre repair, 1 foot depth, re-seeding, silt 
fence $5,768  

Item 3 - Sediment 
Pond Cleanout $1,573  

Item 4 - Grass 
Maintenance 

Cutting - 2 
cuts/yr $3,776  
Re-seeding - 5 ac/yr @ 
$1,221.6/ac $6,293  

Item 5 - Leachate 
Collection/Treatment 

Leachate Pump 
Operation $4,195  
Leachate System 
Maintenance $5,768  
Leachate Treatment - (lump sum per agreement with Town of 
Franklin) $35,000  

Annual Cost Subtotal $69,373  

Contingencies - 10% $6,937  

Total Annual Cost (7.6 
Acres) $76,310  

Phase 3 Cell 1 Area 
(acres) 7.60 
Post-Closure 
Period 30 
Financial 
Responsibility $76,310  x 30 $2,289,300  
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The Closure and Post Closure costs included herein pertain only to Phase 3 Cell 1.  Additional 
costs of the existing landfill cells will be required as well.  The overall Macon County MSWLF 
Financial Assurance Document will be updated once Phase 3 Cell 1 receives a Permit to Operate. 
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7.0 FINANCIAL ASSURANCE 
 

The Financial Assurance provision of Subtitle D provides that owner and operators of Municipal 
Solid Waste Landfills (MSWLF) must provide for certain minimum measures to insure that the 
funds to meet the requirements of the regulations governing closure, post-closure and corrective 
action activities are available in the event that these actions are not taken by the owner or operator.  
The regulations addressing financial assurance are embodied in North Carolina Rule .1628.  

 
 7.1 NORTH CAROLINA RULE .1628 
 

In general, Rule .1628 provides that the owner and/or operator must: 
 
 1. Provide accurate cost estimates for the closure and post-closure care.  
 2. Select a mechanism for demonstrating financial assurance.  
 3. Maintain the selected mechanism in compliance with the provisions of Rule .1628 

throughout the period for which the owner/operator is subject to the provisions of Subtitle 
D and Rule .1628. 

 
The Rule provides for the following alternative mechanisms for demonstrating financial 
assurance:  

 
 1. Trust Fund. 
 2. Surety bond Guaranteeing Payment or Performance. 
 3. Letter of Credit. 
 4. Insurance. 
 5. Capital Reserve Fund. 
 6. Local Government Financial Test.  
 7. Multiple Mechanisms.  
 

Macon County has reviewed the requirements associated with each of these mechanisms and 
assessed the costs related to their use as the County‘s financial assurance mechanism.  Although 
the relative cost of these mechanisms does not appear to vary significantly, there are various 
factors associated with their availability and practicality, which make certain of the mechanisms 
less attractive than others.  

 
 7.2 LOCAL GOVERNMENT FINANCIAL TEST 
 
 Therefore, Macon County has elected to adopt the LOCAL GOVERNMENT FINANCIAL TEST.  

The Local Government Financial Test is attractive because the County’s excellent financial 
conditions makes passing the test quite feasible.  Macon County has not had any difficulties 
passing the LOCAL GOVERNMENT FINANCIAL TEST in recent years and there are 
not any circumstances that would indicate that this would change.   
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SECTION 02200 EARTHWORK  
 
 
PART 1:  GENERAL 
 
1.01 SCOPE OF WORK 
 

A. General: The work included in this section consists of the grading of the 
project area.  The work includes: 

 
1. Site clearing and on-site disposal of all debris and unsuitable 

material. 
 
2. Removal of all topsoil, organically contaminated soil and existing 

unsuitable fill.  Topsoil shall be stockpiled on site in a location 
supplied by the owner. 

 
3. Proofrolling and grading of the property to the prescribed elevations. 
 
4. Stockpiling or wasting on site of any excess cut material for providing 

acceptable material as required to obtain the desired grades. 
 

5. Construction of earthen embankments. 
 

6. Placement of Fill Material in order to bring the site to subgrade 
elevations, prior to placement of landfill components. 
 

1.02 SITE CONDITIONS 
 

A. Site Information: The boring logs and related information depict 
approximate subsurface conditions only at these specific locations and at 
the particular time designated on the logs.  Subsurface conditions at other 
locations may differ from those reported at the boring locations.  It is 
expressly understood that neither the Owner nor the Engineer will be 
responsible for interpretations or conclusions drawn from the boring data by 
the Contractor.  The data are made available for the convenience of the 
Contractor.  Test borings and other exploratory operations may be 
undertaken by the Contractor at his own expense, provided such 
operations are acceptable to the Owner. 

 
PART 2:  PRODUCTS 
 
2.01 MATERIALS 
 

A. Unstable Material: 
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1. The entire area within the limit of work shall be cleared and grubbed 
and shall be cleaned of all debris.  Under the structures, paved, and 
fill areas; stumps, roots, logs, matted roots and other debris not 
suitable for foundations purposed shall be removed to a minimum 
depth of eighteen (18) inches below any subgrade.  The resulting 
excavation shall be backfilled with suitable material and compacted 
as specified hereinafter for Fill Material.  Cleared materials shall be 
completely removed from within the limits of work and disposed of on 
site by the Contractor at a location approved by the Owner. 

 
2. Topsoil shall be carefully stripped to its full depth from all areas 

indicated to be graded, or to be built upon.  Stripped topsoil shall be 
stockpiled on site at a location supplied by the Owner and protected 
for reuse later. 

 
3. All areas to receive fill shall be stripped of root mat five (5) feet 

beyond toe of anticipated fills.  Topsoil, all vegetation, such as roots, 
brush, heavy sods, heavy growth of grass, and all decayed 
vegetable matter, rubbish and other debris within the area upon 
which fill is to be placed, shall be stripped or otherwise removed 
before the fill placement begins.  In no case will such objectionable 
material be allowed to remain in or under the fill area. 

 
4. Soft or excessively yielding material shall be removed and replaced 

with inert controlled fill. 
 
 
 
B. Structural Fill Material: 

 
1. Material to be used for structural fill shall be approved by the Project 

Engineer. 
 
2. All roots, organic matter, trash, debris, and other unsuitable materials 

that may find their way into otherwise acceptable structural fill 
material shall be removed during the dumping and spreading 
operations. 

 
3. Broken rock and boulders larger than six inches (6”) in any 

dimension may not be used as structural fill without the specific 
approval of the Project Engineer. 

 
4. Frozen soil shall not be used for fill. 
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5. Structural Fill material shall meet the following minimum 
requirements and/or be tested for the following criteria in accordance 
with the Site Specific Construction Quality Assurance Plan: 

 
Test Test Method Frequency Acceptable Values 
Minimum Laboratory 
Dry Weight 

ASTM D-698 1/5,000 YD3 > 100 lbs. / FT3 

Natural Moisture 
Content 

ASTM D-2216 1/5,000 YD3 Reference Only 

Laboratory 
Compaction 

ASTM D-698 1/5,000 YD3 95% Maximum Dry 
Density 

 
 
 
 
PART 3:  EXECUTION 
 
3.01 PREPARATION 
 
 A. Subgrade Preparation: 
 

1. After removal of all existing topsoil, debris, and other undesirable 
material, the areas which are to receive fill, which have been cut to 
the desired grade, or which are at the approximate required 
subgrade elevation without additional earthwork, should be 
proofrolled to locate any soft or yielding area.  Proofrolling shall be 
done with a smooth-drum roller (minimum 20 tons) making  a 
minimum of two passes in each direction or other procedures and 
equipment approved by the Project Engineer.  In addition, the 
following tests shall be performed at the frequencies indicated: 

 
Test Test Method Frequency Acceptable Values 
Field Density ASTM D-6938, 

ASTM D-1556, 
ASTM D-2937 

1/5,000 YD3 95% Maximum Dry 
Density 

Field Moisture ASTM D-2216, 
ASTM D-6938, 
ASTM D-4643 

1/5,000 YD3 +/- 2% Optimum 

 
 

 
2. Any soft, or excessively yielding material revealed by the proofrolling 

shall be removed and replaced with inert controlled fill.  The 
Engineer shall be the sole judge of what constitutes soft or 
excessively yielding material. 
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3. Drainage from existing watercourses, springs or other sources 
should be rerouted out of the earthwork area.  The Contractor shall 
take special care to remove all organically contaminated sediment, 
saturated soil, and other undesirable material from existing 
watercourses. 
 

B. Blasting and Damages: Where blasting is done, it shall be done by 
qualified personnel and in accordance with all federal, state or local 
requirements and procedures.  The Contractor shall be responsible for 
any damage done to adjoining properties, or to persons, by reason of the 
blasting or other earthwork operations.  The Contractor shall also be 
responsible for damage to embankments and cut areas, and sewer, 
water, gas or other underground lines which may result from blasting or 
earthwork operations.  All such damage shall be repaired and made good 
by the Contractor in a timely manner. 

 
3.02 INSTALLATION 
 

A. Filling and Compaction: 
 

1. After a stable non-yielding surface has been established, the surface 
of the area to be filled shall be scarified with a disc or harrow to a 
depth of four inches (4”) to six inches (6”).  An initial three inch (3”) 
layer of fill material shall then be spread over the scarified surface 
and the entire area compacted as specified below. 

 
2. No fill shall be placed on any area until that area has been inspected 

and approved by the Engineer.  Fill shall not be placed on a snow 
covered or frozen surface.  Fill materials shall be spread in uniform 
horizontal layers not exceeding 8” in uncompacted thickness.  
Alternating layers of cohesive and granular fill soils shall not be 
permitted.  Spreading and compacting of fill material should be 
started at the lowest portion of the site.  All fill must be placed in 
horizontal layers.  Sloping fill planes will not be permitted.  Fill 
material shall be distributed over the full width of the embankment, 
and in no case will deep ruts be allowed to form. 

 
3. Keyways shall be provided at the toe of each fill slope as shown on 

the drawings.  As each layer of fill meets the natural grade of a 
slope, a bench, approximately 7 to 8 feet wide, shall be cut into the 
existing grade with each layer of newly placed fill.  If rock is 
encountered at the face of the natural grade, the original ground 
shall be cut in vertical steps of 4 to 5 feet and a horizontal bench cut 
into the rock at the top of each vertical increment.  A horizontal 
plateau, approximately 15 to 20 feet wide, should be provided in the 
existing slope at vertical intervals of roughly 25 feet.  Subsurface 
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drains shall be installed at the toe of the slope and wherever springs 
or excessive seepage are encountered.  Drains should be led to the 
outside face of the embankment and the water picked up and carried 
away in such a manner as to avoid softening the embankment or its 
toe, or producing erosion gullies. 

 
4. Before compaction begins, the fill shall be brought to a water content 

that will permit proper compaction.  This may require aerating the 
material if it is too wet, or the addition of water if it is too dry.  If 
additional water is required, it should be uniformly distributed  and 
shall be thoroughly incorporated into the material by means of discs 
or other suitable mixing equipment. Care shall be taken to avoid 
trapping water within the fill. 

 
5. The standard Proctor method of moisture-density relationship test, 

ASTM D 698, shall be used to determine the maximum laboratory 
dry density and the optimum moisture content of the material which 
is to be used for fill. 

 
6. The fill material shall be compacted and tested in accordance with 

the following requirements: 
 
Test Test Method Frequency Acceptable Values 
Field Density ASTM D-6938, 

ASTM D-1556, 
ASTM D-2937 

1/5,000 YD3 95% Maximum Dry 
Density 

Field Moisture ASTM D-2216, 
ASTM D-6938, 
ASTM D-4643 

1/5,000 YD3 +/- 2% Optimum 

 
 

 
 
7. The above compaction requirements are to be satisfied for all soil 

and weathered or soft rock fills.  Weathered or soft rocks are those 
that can be broken down and disintegrated under normal compaction 
procedures and equipment. 

 
8. At the close of each day's work, or where work is to be interrupted for 

a period of time, the surface of the site shall be shaped to drain 
freely, and sealed.  If after a prolonged rainfall, the surface of the 
area to be filled or cut is too wet to work properly, the unsuitable 
material shall be removed to expose workable soil.  The wet material 
removed may be dried and reused.  Construction traffic shall be 
controlled so as to prevent rutting of graded areas and to avoid 
overrolling of any section. 
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9. All cut areas shall be rolled and compacted to produce a compaction 

equal to that of the filled area.  If soft or yielding material is 
encountered in cuts, or fills as a result of trapping water, overrolling 
or improper control of construction traffic, and cannot be satisfactorily 
stabilized by moisture control, compaction or other means approved 
by the Engineer, the unstable material shall be excavated to the 
depth required by the Engineer.  The excavation shall then be filled 
with suitable compacted material in accordance with the 
requirements outlined above. 
 
 
 

B. Grading: 
 

1. Elevations shown on the plans are finished ground unless otherwise 
noted.  Grading shall be maintained in such a manner as to provide 
free surface drainage of the site at all times without any ponding of 
water. 

 
2. Provide ditches and swales to the cross-sections and grades shown 

on the drawings.  Cut ditch subgrades four inches (4”) below the 
grades shown and provide four inches (4”) of topsoil where the plans 
call for seeding or sodding of the ditch.  Keep ditches and swales 
free of accumulations of debris or washed in material until final 
acceptance of work by the Engineer. 

 
3. Shape all surfaces to within not more than 0.10 feet above or below 

the required subgrade elevations and free from irregular surface 
changes. 

 
 
C. Control and Testing: 
 

1. The services of qualified soils testing personnel will be employed by 
the Owner for the making of tests to determine the moisture-density 
relationships, relative densities, plastic and liquid limits and suitability 
of materials for compaction and for inspection and control of the site 
preparation, selection, placing and compaction of the fill.  A copy of 
the testing personnel’s daily field report including results of in-place 
density and moisture content tests should be forwarded to the Owner 
and the Engineer at the end of each working day.  If an independent 
testing firm is hired by the Contractor for the purpose of testing soil 
used in the construction of the landfill, the testing firm shall submit a 
field report to the Owner and Engineer at least once per week. 
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2. The Contractor shall cooperate with the testing personnel so as to 
permit proper inspection and control of the work without unnecessary 
delays.   

 
D. Maintenance: 
 

 
1. The Contractor shall be responsible during construction and until 

final acceptance for the maintenance of all embankments made 
under the Contract. 

 
2. During construction and until final acceptance; the Contractor shall 

construct temporary or permanent earth berms along the outer 
edges of the top surface of the embankment, construct temporary 
ditches, shape the embankment surface to provide for the drainage 
of surface runoff along and throughout the length of the 
embankments, and use any other methods necessary to maintain 
the work covered by this section so that the work will not contribute 
to excessive soil erosion.  The Contractor shall construct brush 
dikes, or install temporary or permanent slope drains or other 
drainage features to assist in controlling erosion. 

 
3. The Contractor shall replace, at no cost to the Owner, any portion of 

embankment which have become displaced or damaged due to 
carelessness or neglect on the part of the Contractor.  Where the 
work has been properly constructed, completely drained and 
properly maintained, and damage occurs due to natural causes, the 
Contractor will be paid at the Contract unit price for the excavated 
material required to make necessary repairs to such damage. 

 
4. All embankments shall be brought to the grade and cross section 

shown on the plans or established by the Engineer, prior to final 
inspection and acceptance by the Engineer. 

 

 
END OF SECTION 
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SECTION 02201 SELECT BACKFILL  
 
 
02201.1 SCOPE 
 
  The work of this section consists of locating, hauling, and processing the 

soil material used to construct the select backfill layers of soil as shown on 
the Construction Drawings.  The purpose of the select backfill layer is to 
cushion the geomembrane component of the leak detection layer and 
protect it from damage.  Borrow soils shall meet the requirements of 
Section 02201.2 and placement of the select backfill shall be in strict 
accordance with Section 02200 and the construction drawings. 

 
02201.2 SOIL MATERIALS 
 

Select backfill will be the soil placed between the subgrade and the leak 
detection layer to protect the geomembrane component of the leak 
detection layer from puncture.  This material will have the same 
preconstruction and testing requirements as the subgrade, with the 
exception that preconstruction and construction testing will have to be 
performed to show conformance with the Maximum Particle Size 
requirements.  The testing requirements are as follows. 
 

 

Preconstruction Qualification 

Test ASTM Method Frequency Acceptable 
Values 

Natural Moisture 
Content 

D2216 1/5,000 YD3 Reference Only 

Laboratory Compaction D698 1/5,000 YD3 95% maximum    
dry density 
 

Grain Size D422  1/5,000 YD3 3-inch diameter 
(lower 6 inches) 

1/4-inch diameter 
(top 6 inches 

* Preconstruction test samples shall be taken from the borrow source and or 
stockpile prior to construction. 

 
 
 
2201.3 EXECUTION 
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The contractor is required to provide soil material for constructing the 
select backfill portion of the leak detection system in accordance with the 
material requirements described in 2201.2.  The select backfill shall be 
placed in accordance with Section 02200.  The following testing 
requirements shall apply to the placement of the Select Backfill material: 

 
SELECT BACKFILL CONSTRUCTION TESTING FREQUENCIES 

TEST ASTM METHOD QUANTITY ACCEPTABLE 
VALUES 

Field Density 
 

D6938, D1556, D2937 
 

1/5,000 YD3 
 

95% maximum  
 dry density 
 

Field Moisture D2216, D6938,  
D4643 

1/5,000 YD3 +/- 4% optimum 

Grain Size D422  1/5,000 YD3 3-inch diameter 
(lower 6 inches) 

1/4-inch diameter 
(top 6 inches 

 
2201.4 OTHER TESTING REQUIREMENTS 

The friction angle between the select backfill and the geomembrane shall 
be a minimum of 20 degrees.  The Contractor shall verify and submit to 
the Project Engineer documentation of such verification prior to beginning 
construction.  The test method used to verify the interface friction angle 
between the 60-mil geomembrane and the select backfill shall be ASTM 
D5321 Standard Test Method for Determining the Coefficient of Soil and 
Geosynthetic or Geosynthetic and Geosynthetic Friction by Direct Shear 
Method.  Test parameters are to provide 3 points to range over minimum 
and maximum expected normal loads.  Minimum will be a construction 
load of 260 psf.  Maximum will be at the landfill’s final filled condition or 
approximately 1,423 psf.  The normal loadings used shall be 250, 750 and 
1,500 psf. 
 
The friction angle between the select backfill and the geotextile shall be a 
minimum of 18 degrees.  The Contractor shall verify and submit to the 
Engineer documentation of such verification prior to beginning 
construction.  The test method used to verify the interface friction angle 
between the 16-ounce geotextile and the select backfill shall be ASTM 
D5321 Standard Test Method for Determining the Coefficient of Soil and 
Geosynthetic or Geosynthetic and Geosynthetic Friction by Direct Shear 
Method.  Test parameters are to provide 3 points to range over minimum 
and maximum expected normal loads.  Minimum will be a construction 
load of 260 psf.  Maximum will be at the landfill’s final filled condition or 
approximately 1,423 psf.  The normal loadings used shall be 250, 750 and 
1,500 psf. 

END OF SECTION 



SECTION 02300 COMPACTED CLAY LINER 
 
 
02300.1 Scope of Work 
 

The landfill cell shall include a 24-inch compacted clay liner or a 
geosynthetic clay liner (GCL) system that includes an 18-inch compacted 
clay liner overlain by a GCL material.  The Contractor shall furnish all 
labor, material, supervision, and equipment to complete the Compacted 
Clay Liner for the cell, including hauling, sieving, raking, discing, 
compacting, drying, wetting, removal of rainwater and removal of all 
previously placed material rendered unsuitable due to weather conditions 
or construction operations, final grading and sealing and all necessary 
and incidental items as detailed or required to complete the compacted 
liner, all in accordance with the Contract Documents, and the Site Specific 
Construction Quality Assurance Plan. 

 
02300.2 Materials 
 

Soil that meets the following requirements of clay liner fill shall be used for 
construction of the Compacted Clay Liner:   

 
Preconstruction Qualification 

Test ASTM Method Frequency Acceptable Values 
Natural Moisture 
Content 

D2216 1/1,000 YD3 or 
Change in Material 

Reference 

Grain Size Analysis D422 or D1140 1/5,000 YD3 or 
Change in Material 

< 3” in the lower 
18”, 

< ¼” in the upper 6”, 
< 5% greater than 

No. 4 sieve  
Classification D2487 1/5,000 YD3 or 

Change in Material 
CL,CH,ML,MH, or 

SM 
Atterberg Limits D4318 1/5,000 YD3 or 

Change in Material 
Plasticity Index (PI) 

> 10 
Laboratory 
Compaction 

D698 – Standard 1/5,000 YD3 or 
Change in Material 

95% Maximum Dry 
Density 

Permeability ** 
24-inch compacted 
clay liner 

D5084 1/10,000 YD3 or 
Change in Material 

Less than or equal 
to 1 x 10-7 cm/sec 

Permeability** 
18-inch compacted 
clay liner utilized 
with GCL system 

D5084 1/10,000 YD3 or 
Change in Material 

Less than or equal 
to 1 x 10-5 cm/sec 
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* Preconstruction test samples shall be taken from the borrow source and or clay 
stockpiled prior to construction. 
 
** The Moisture-Density Curve shall show the region in which the required maximum 
permeability is met.  A minimum of three (3) permeability tests shall be performed per 
curve to establish the zone of acceptable moistures and densities at which the required 
maximum permeability may be achieved.  If the Contractor elects to run multiple curves 
to enlarge the zone of acceptance, all curves must be submitted. 

 
 
  All clay clods will be broken down with tillers and discs to provide a 
homogeneous clay soil. 

 

The Compacted Clay Liner may consist of fill material modified by the 
addition of powdered bentonite in sufficient quantity to meet the 
specifications.  Clay liner material modified with bentonite will be subject 
to the same testing criteria and frequencies as natural clay liner material, 
with the addition of percentage of bentonite used.  If a bentonite admix is 
used, the mixing procedure shall be approved by the Engineer prior to 
construction.  Material to be placed within the cell, either natural or 
augmented, shall have a minimum effective internal friction angle of 
twenty-five (25) degrees.  The internal friction angle of the clay liner 
material shall be verified by the Contractor.  The Contractor shall submit 
such verification prior to beginning construction.  The test method used to 
verify the internal friction angle of the clay liner material shall be ASTM 
D4767 Standard Test Method for Consolidated Undrained Triaxial 
Compression Test on Cohesive Soils.  The specimens must be 
compacted to design criteria for dry density and moisture content as 
determined by preconstruction testing.  Test parameters require stepped 
confinement @ 1, 3, and 5ksf (nominally 5, 15 and 30 psi effective 
confining pressure). 
 

Continuous and repeated visual inspection of the materials will be 
performed by the Contractor to ensure proper soils are being used.  In 
addition, the Engineer will make frequent inspections of the clay liner 
placement operations and materials, and will consult with the Contractor 
on suitable liner fill and locations of such.  All soil liner fill proposed shall 
be inspected by the Engineer prior to actual use. 
 
 

02300.3 Construction 
 

 
The following testing requirements and acceptable values shall apply to 
the construction of the Compacted Clay Liner unless specified otherwise 
as in the case of the construction of the required Test Pads: 
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Construction Testing 
Test ASTM Method Frequency Acceptable Values 
Field Density D6938, D1556, 

D2973 
1/10,000 FT2/Lift 95% Maximum Dry 

Density 
Field Moisture D2216, D6938, 

D4643 
1/10,000 FT2/Lift +0% - +5% 

optimum- Cell Floor 
+2% - +6% 

optimum – Side 
Slopes  

Classification D2487 1 per acre per lift CL,CH,ML,MH, or 
SM 

Permeability Extracted per 
D1587 

Tested per D5084 

1/40,000 FT2/Lift Less than or equal 
to 1 x 10-7 cm/sec 

Atterberg Limits D4318 1/5,000 YD3  Plasticity Index (PI) 
> 10 

Grain Size D422 or D1140 1/5,000 YD3 < 3” in the lower 
18”, 

< ¼” in the upper 6”, 
< 5% greater than 

No. 4 sieve 
Soil Layer 
Thickness 
For 24-inch 
compacted clay 
liner 

Observation, Field 
Measurement 

Continuous 
Observation, 

Minimum of Five (5) 
per Lift 

Minimum two (2) 
foot thick 

Soil Layer 
Thickness 
For 18-inch 
compacted clay 
liner used with GCL 

Observation, Field 
Measurement 

Continuous 
Observation, 

Minimum of Five (5) 
per Lift 

Minimum  
18 inches thick 

 
 
 TEST PADS 
 

Test pads, a minimum of 20 ft x 50 ft in area shall be constructed prior to 
beginning installation of the compacted clay liner and whenever there is a 
significant change in soil material properties or the borrow source is 
changed.  The equipment used, liner thickness, subgrade slope, and all 
other conditions shall be representative of full scale construction.  For 
each lift of the test pad, a minimum of three (3) test locations shall be 
established for testing moisture content and density.  At least one (1) 
shelby tube sample for lab permeability testing and one (1) composite 
sample for recompacted lab permeability shall be obtained per lift/test 
pad.  One test pad shall be constructed which shall be representative of 
the side slope clay liner and one for the cell floor.  The test pads can be 
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constructed independent of each other or in such a manner so that one 
test pad lies on the cell bottom and the other test pad lies on the side 
slope.  Compaction and soil moisture content shall be in accordance with 
the previously approved moisture-density-permeability relationship.  Field 
moisture and density tests and laboratory permeability tests will be 
performed by the Resident CQA Engineer for each lift placed on the test 
pads to verify the construction method, equipment, and material 
necessary to achieve the required permeability not greater than 1.0 x 10-7 
cm/sec for the 24-inch clay liner or 1.0 x 10-5 for the 18-inch clay liner 
associated with a GCL system.  The Contractor shall allow sufficient time 
for construction and testing of the test pad prior to placement of the 
Compacted Clay Liner. 

 

 PROJECT # 13.00726 02300 - Page 4 

 



  
. 

 LINER CONSTRUCTION 
 

Prior to fill placement, the prepared subgrade shall be proofrolled with a 
smooth-drum roller (minimum 20 tons) by a minimum of two passes in 
each direction.  Proofrolling shall be conducted at the discretion of the 
Engineer or his representative.  Any soft, saturated or yielding areas 
exhibited by pumping and/or rutting will require removal and replacement 
with the appropriate soil at no additional cost to the Owner. 

 
02300.4 Final clay liner lift thickness, after compaction, shall be a maximum of six 

(6) inches.  Thinner lifts are permissible to achieve design grade. 
 
02300.5 Equipment or truck traffic shall not be permitted during the period between 

scarifying and compaction of a lift unless approved by the Engineer. 
 
02300.6 After the lift to be compacted is conditioned, representative samples will 

be taken by the Resident CQA Engineer and tested for moisture content 
prior to any compactive efforts.  If the moisture content is within the range 
specified by the moisture-density-permeability relation, compaction may 
begin.  If the moisture content is outside of this range, the clay liner fill will 
be wetted or dried and reworked accordingly.  The soil fill should be 
sprinkled or sprayed with water utilizing equipment creating a uniform 
application and dozed, wind-rowed, and/or disc-plowed to uniformly 
increase the moisture content of the soil if the material moisture content is 
too low.  The soil fill shall be dozed, wind-rowed, and/or disc-plowed to 
help air dry the soil if the moisture content is too high. 

 
02300.7 Each lift shall be thoroughly compacted to satisfy moisture and density 

controls through field testing before a subsequent lift is placed. 
 
02300.8 Compaction of lifts shall be as follows: 
 

1) Compaction of lifts shall be performed with an appropriately heavy, 
properly ballasted compactor.  A minimum of four (4) passes will be 
required on each lift regardless of whether the lift meets density 
specifications.  A pass is defined as one trip of the compacting 
equipment over the lift and back to the starting point by a single drum 
roller or one trip across the lift surface from one side to the other if the 
compacting equipment has front and back compacting rollers.  This 
requirement is to allow thorough remolding of the soil by kneading 
action. 

 
2) The daily work area shall extend a distance so as to maintain moist 

soil conditions (facilitate bonding) and continuous operations.  
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Desiccation and crusting of the lift surface shall be avoided as much 
as possible.  Each lift shall be protected, at all times after placement, 
from desiccation and crusting. 

 
3) If desiccation and crusting of the lift surface occurs before placement 

of the next lift, this area shall be scarified to a sufficient depth to mix 
with moist materials, or sprinkled with water and then scarified at the 
direction of the Engineer. 

 
4) The transition between the bottom and side slopes shall be 

accomplished by compacting parallel (bottom to top) to the slope. 
 
5) Dozer equipment shall not be used for primary compaction efforts. 
 
6) The surface of the underlying lift shall be scarified a minimum of 2 

inches prior to compaction of each subsequent lift (i.e., Lift 2 to Lift 3) 
to facilitate bonding of the lifts. 

 
02300.9 During compaction of the soil liner material, the soil moisture content and 

dry density shall be maintained within the limits specified below. 
 

1) To assure the moisture content and dry density requirements of the 
compacted soil are being satisfied, field and laboratory tests shall be 
made at minimal intervals as specified.  Additional testing may be 
requested at the discretion of the Engineer.  

 
2) Compaction moisture content shall be between 2 and 6 percent wet of  

optimum moisture content (OMC) on the side slopes. 
 
3) The clay liner shall be compacted to a minimum of 95 percent  of the 

maximum dry density.  Where densities are less than 95 percent of the 
maximum dry density, the soil liner shall be recompacted and/or 
removed and reworked to meet density objectives.   

 
02300.10 The clay liner, in addition to the other provisions of this section, shall have 

a permeability not greater than 1.0 x10-7 cm/sec on thin wall tube samples 
taken from the completed clay liner for use with the 24-inch compacted 
clay liner or a permeability not greater than 1.0 x10-5 cm/sec on thin wall 
tube samples taken from the completed clay liner for use with the 18-inch 
compacted clay liner associated with the construction of a GCL system.  If 
representative permeability tests do not achieve the required permeability, 
the clay liner shall be reworked to meet permeability requirements 
regardless of its previously achieved density.  Representative soil samples 
taken from the clay liner that fail laboratory permeability testing must be 
re-sampled until passing results are achieved.  Each failing sample must 
be replaced by one successful sample.  The Owner will pay for the 
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permeability testing at the frequency required by the Site Specific 
Construction Quality Assurance Plan.  The Contractor will be responsible 
for all costs associated with re-sampling and re-testing for failing samples 
beyond a 5% failure rate by quantity.  This includes the cost of lab and 
Construction Quality Assurance personnel.  The minimum charge for re-
sampling and re-testing for failing permeability tests exceeding 5% failure 
rate will be $500.00 per occurrence. 

 
02300.11 Soil fill shall not be placed or compacted during sustained periods with air 

temperature below 32°F.  Soil fill may be placed and compacted during 
periods of early morning and early evening freezing temperatures with 
warming trends above 45°F during the day.  No fill shall be placed on 
frozen subgrade.  If the clay liner or structural fill freezes or ices the fill 
section shall be rescarified and recompacted, at the discretion of the 
Engineer. 

 
02300.12 During construction, finished lifts or sections of compacted clay liner shall 

be sprinkled with water a minimum of twice per day depending on weather 
conditions. 

 
02300.13 At the end of each construction day’s activities, completed lifts or sections 

of compacted clay liner shall be sealed by rolling with a rubber tired or 
smooth drum rollers and sprinkled with water as needed. 

 
02300.14 The compacted clay liner shall be a minimum of twenty-four (24) inches at 

a permeability no greater than 1.0 x 10-7 cm/sec, or eighteen (18) inches 
at a permeability no greater than 1.0 x 10-5 cm/sec when used with an 
overlying GCL material.  Thickness of the compacted soil liner on the side 
slopes shall be measured perpendicular to the slope face. 

 

02300.15 The as-built thickness of the compacted clay liner shall be determined by 
survey methods (non-destructive) as described below.  An individual lift 
may be sampled upon completion (but prior to subsequent lift placement) 
with an approved sampler or other investigative tool. Any penetration 
within any portion or lift of the clay liner shall be promptly backfilled by the 
Contractor with a 50/50 mix of hand tamped soil and bentonite fill.  
Samples of the in place compacted soil liner shall be tested and evaluated 
in accordance with provisions of the Construction Quality Assurance Plan.  
All test locations shall be filled with a homogeneous mixture of one part 
bentonite and three parts soil. 

 
02300.16 After completion of a segment of compacted clay liner, but before 

installation of the geomembrane liner, the surface of the clay liner shall be 
surveyed by the Contractor to ensure the specified thickness of 
Compacted Clay Liner (24 inches, or 18 inches with GCL) has been 
achieved.  The survey must be performed and stamped by a registered 
Professional Land Surveyor in the State of North Carolina.  The survey 
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information shall be provided to the Engineer in a format pre-approved by 
the Engineer and acceptable to the North Carolina Department of 
Environment and Natural Resources, Division of Waste Management, 
Solid Waste Section.  At a minimum, survey data shall be collected on a 
50-foot grid and at least every 50-foot along all changes in grade. 

 
02300.17 The surface of the compacted clay liner shall be smooth drum rolled and 

maintained free of rocks, organics, voids and sharp edges. 
 
 No vehicles other than a smooth-drum roller will be allowed on the 

Compacted Clay Liner once the Compacted Clay Liner has been 
approved.  This includes equipment used to deploy geomembrane 
material.  Any exceptions should have prior approval from the Project 
Engineer. 

 
02300.18 The minimum interface friction angle between the Compacted Clay Liner 

and the 60 mil textured geomembrane shall be seventeen (17) degrees.  
This shall be verified by the Contractor and supporting documentation 
submitted to the Engineer prior to beginning construction. 

 
The test method used to verify the interface friction angle between the 
clay liner and the 60-mil textured geomembrane shall be ASTM D5321 
Standard Test Method for Determining the Coefficient of Soil and 
Geosynthetic or Geosynthetic and Geosynthetic Friction by Direct Shear 
Method.  Soil specimens must be compacted to design criteria for dry 
density and moisture content as determined by preconstruction testing.  
Test parameters are to provide 3 points to range over minimum and 
maximum expected normal loads.  Minimum will be a construction load of 
260 psf.  Maximum will be at the landfill’s final filled condition or 
approximately 1,423 psf.  The normal loadings used shall be 250, 750 and 
1,500 psf. 
 

 
 
 

END OF SECTION 
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SECTION 02320      GEOSYNTHETIC CLAY LINER (GCL) 
 
 
02320.1 Scope of Work 
 

The Contractor shall furnish all labor, materials, supervision and equipment to 
complete the Geosynthetic Clay Liner (GCL) including, but not limited to, anchor 
trench excavation and backfill, GCL panel layout, seam preparation, patching, 
and all necessary and incidental items required to complete the Work, in 
accordance with the Contract Documents and these Specifications.   
 

02320.2 Submittals 
 

A. Contractor shall furnish the following information: 
 

1. Conceptual description of the proposed plan for placement of the 
GCL panels over the area of installation. 

2. GCL manufacturer's Manufacturer’s Quality Control (MQC) Plan for 
documenting compliance to Sections 02320.7 and 02320.8 of these 
specifications. 

3. GCL manufacturer’s historical data for a) 10,000-hour creep shear 
testing per Section 02320.7 E and b) seam flow data at 2 psi 
confining pressure per Section 02320.7 F.  

4. The manufacturer’s last 20 weekly values for index flux and 
permeability prior to the end of the production date of the supplied 
GCL. 

5. A copy of GCL manufacturer’s ISO quality Certificate of 
Registration. 

 
B. At the Engineer's or Owner’s request the Contractor shall furnish: 
 

1. A representative sample of the GCLs. 
2. A project reference list for the GCL(s) consisting of the principal 

details of at least ten projects totaling at least 10 million square feet 
in size. 

 
C. Upon shipment, the Contractor shall furnish the GCL manufacturer's 

Quality Assurance/Quality Control (QA/QC) certifications to verify that the 
materials supplied for the project are in accordance with the requirements 
of this specification. 

 
D. As installation proceeds, the Contractor shall submit certificates of 

subgrade acceptance, signed by the Contractor and CQA Inspector for 
each area that is covered by the GCL. 

 
E. The friction angle between the non-woven cover geotextile on the GCL 

and the geomembrane and the woven base cover and the clay liner shall 
be a minimum of 20 degrees.  The Contractor shall verify and submit to 
the Engineer proper documentation prior to beginning construction.  The 
test method used to verify the interface friction angle between the 60-mil 
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geomembrane and the non-woven cover geotextile and the interface 
friction angle between the woven base cover and the clay liner shall be 
ASTM D 5321 Standard Test Method for Determining the Coefficient of 
Soil and Geosynthetic or Geosynthetic and Geosynthetic Friction by 
Direct Shear Method.   

 
02320.3 Manufacturer’s and Installer’s Qualifications 
 

A. GCL Manufacturer must have produced at least 300 million square feet of 
GCL within the past three years, including at least 30 million square feet 
with 3.5 lb/in peel strength. 

 
B. The GCL Installer must either have installed at least 1 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. 

 
02320.4 Construction Quality Assurance (CQA) 
 

A. All GCL sheet will be evaluated prior to and after installation. 
 
B. The Owner and Engineer shall provide a third-party inspector for CQA of 

the GCL installation.  The inspector shall be an individual or company 
who is independent from the manufacturer, Contractor and Installer, who 
shall be responsible for monitoring and documenting activities, related to 
the CQA of the GCL, throughout installation.  The inspector shall have 
provided CQA services for the installation of the proposed or similar GCL 
for at least 5 completed projects totaling not less than 1 million square 
feet. 

 
C. Testing of the GCL, as necessary to support the CQA effort, shall be 

performed by a third party laboratory retained by the Owner and 
independent from the GCL manufacturer, Contractor and Installer.  The 
laboratory shall have provided GCL CQA testing of the proposed or 
similar GCL for at least 5 completed projects totaling not less than 1 
million square feet. 

 
D. The GCL Installer will be required to adhere to the requirements of the 

Site Specific Construction Quality Assurance Plan. 
 

02320.5 Products 
 

A. The GCL shall consist of a layer of granular sodium bentonite clay 
needlepunched between two geotextiles and shall comply with all of the 
criteria listed in this Section. 

 
 
B. Bentonite shall be a high-swelling sodium bentonite, with a minimum 

swell index of 24 mL/2g and a maximum fluid loss of 18 mL.  Bentonite 
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shall be CG-50 granular bentonite, mined and processed by American 
Colloid Company, or an approved equal. 

 
C. Bentonite shall have a granular consistency (1 percent max. passing a 

No. 200 sieve, to ensure uniform distribution throughout the GCL and 
minimal edge loss during handling and installation. 

 
D. The cover geotextile shall be, at a minimum, a 6.0 oz/yd2 non-woven 

geotextile.  The base geotextile shall be, at a minimum, a 3.2 oz/yd2 
woven geotextile. 

 
02320.6 Materials 
 

A. Acceptable GCL products are Bentomat® ST, as manufactured by 
CETCO, 2870 Forbs Avenue, Hoffman Estates, Illinois 60192 USA (800-
527-9948), or an engineer-approved equal. 

 
B. The GCL shall meet, at a minimum, the properties shown in Table 1, 

Minimum Required Physical Properties of Geosynthetic Clay Liner. 
 

C. The moisture content of the bentonite in the finished GCL shall be 
between 20 and 40 percent, to ensure uniform bentonite distribution, 
consistent needlepunch density, and adequate electrical conductivity to 
maximize leak location survey sensitivity. 

 
D. GCL shall be needlepunch-reinforced, with a minimum peel strength of 

3.5 lb/inch.  To maximize large-displacement shear strength, GCL 
reinforcement shall be achieved solely through needlepunching, without 
any supplemental heat treatment. 

 
E. The GCL shall have 10,000-hour test data for large-scale constant-load 

(creep) shear testing under hydrated conditions.   The displacement shall 
be 0.11 in. or less at a constant shear load of 250 psf and a normal load 
of 500 psf.  

F. The GCL shall have seam test data from an independent laboratory 
showing that the seam flow with a grooved cut in the nonwoven geotextile 
is less than 1 x 10-8 m3/m2/s at 2 psi hydraulic pressure. 

G. The minimum acceptable dimensions of full-size GCL panels shall be 150 
feet in length.   

 
H. A 6-inch 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, non-toxic ink.  

 
 

Table 1 
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Minimum Required Physical Properties of Geosynthetic 
 Clay Liner 

 
MATERIAL 
PROPERTY 

 TEST METHOD TEST FREQUENCY 
ft2(m2) 

REQUIRED VALUES 

Bentonite Swell Index1 ASTM D 5890 1 per 50 tonnes 24 ml/2g min. 

Bentonite Fluid Loss1 ASTM D 5891 1 per 50 tonnes 18 ml max. 

Bentonite Mass/Area2 ASTM D 5993 40,000 ft2 (4,000 m2) 0.75 lb/ft2 (3.6 kg/m2) min 

GCL Tensile Strength3 ASTM D 6768 200,000 ft2 (20,000 m2) 30 lbs/in (53 N/cm) MARV 

GCL Peel Strength3 ASTM D 6496 40,000 ft2 (4,000 m2) 3.5 lbs/in (6.1 N/cm) min 

GCL Index Flux4 ASTM D 5887 Weekly  1 x 10-8 m3/m2/sec max 

GCL Hydraulic 
Conductivity4 

ASTM D 5887 Weekly  5 x 10-9 cm/sec max 

GCL Hydrated Internal 
Shear Strength5 

ASTM D 5321 
ASTM D 6243 

Periodic 
500 psf (24 kPa) typ @ 200 

psf 

 
Notes 
1 Bentonite property tests performed at a bentonite processing facility before shipment to CETCO’s GCL production facilities. 
2 Bentonite mass/area reported at 0 percent moisture content. 
3 All tensile strength testing is performed in the machine direction using ASTM D 6768.  All peel strength testing is performed using 

ASTM D 6496.   
4 Index flux and permeability testing with deaired distilled/deionized water at 80 psi cell pressure, 77 psi headwater pressure and 75 

psi tailwater pressure.   
5 Peak values measured at 200 psf normal stress for a specimen hydrated for 48 hours.  Site-specific materials, GCL products, and 

test conditions must be used to verify internal and interface strength of the proposed design. 
 

 
02320.7  Product Quality Documentation 
 

The GCL manufacturer shall provide the Owner or other designated party with 
manufacturing QA/QC certifications for each shipment of GCL.  The certifications 
shall be signed by a responsible party employed by the GCL manufacturer and 
shall include:  
 
 A. Certificates of analysis for the bentonite clay used in GCL production 

demonstrating compliance with the swell index and fluid loss values 
shown in Table 1, Minimum Required Physical Properties of Geosynthetic 
Clay Liner.  

 
B. Manufacturer’s test data for the finished GCL product demonstrating 

compliance with the values shown in Table 1, Minimum Required 
Physical Properties of Geosynthetic Clay Liner. 
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C. GCL lot and roll numbers supplied for the project (with corresponding 

shipping information). 
 

02320.8  Product Labeling 
 

A. Prior to shipment, the GCL manufacturer shall label each roll, identifying:  
 
 1. Manufacturer’s name and address 
 2. Brand Product Code 
 3. Lot Number 
 4. Roll Number 
 5. Roll Length and width 
 6. Roll Weight 

 
02320.9  Packaging  
 

A. The GCL shall be wound around a rigid core whose diameter is sufficient 
to facilitate handling.  The core is not necessarily intended to support the 
roll for lifting but should be sufficiently strong to prevent collapse during 
transit.  

 
B. All rolls shall be labeled and bagged in packaging that is resistant to 

photodegradation by ultraviolet (UV) light.  
 
02320.10  Accessory Bentonite 
 

A. The granular bentonite sealing clay used for overlap 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.  Seaming of GCLs shall be conducted in accordance with 
the manufacturer’s guidelines for each particular GCL.  

 
02320.11 Shipping and Handling 
 

A. The manufacturer assumes responsibility for initial loading the GCL.  
Shipping will be the responsibility of the party paying the freight.  
Unloading, on-site handling and storage of the GCL are the responsibility 
of the Contractor. 

 
B. A visual inspection of each roll should be made during unloading to 

identify if any packaging has been damaged.  Rolls with damaged 
packaging should be marked and set aside for further inspection.  If the 
geotextile under the torn packaging sleeve is also torn, the outermost 
wrap of GCL on the roll should be unwound and discarded when the roll 
is installed.  The roll should be marked accordingly so as to alert the 
Installer that the initial wrap should be cut away and discarded.  Upon 
inspection, at the time of installation, additional rolls may be required to 
be cut away and discarded.  The packaging should be repaired prior to 
being placed in storage. 
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C.  Rolls of GCL that are accidentally dropped and/or bent during unloading 

and/or transportation to the installation site should be marked and moved 
away from the storage site and/or installation site.  These rolls will not be 
installed on the project. 

 
D. The party responsible for unloading the GCL should contact the 

Manufacturer prior to shipment to ascertain the appropriateness of the 
proposed unloading methods and equipment.   

 
02320.12 Storage   
 

A. Storage of the GCL rolls shall be the responsibility of the Contractor.  A 
dedicated storage area shall be selected at the job site that is away from 
high traffic areas and is level, dry and well drained. 

 
B. Rolls should be stored in a manner that prevents sliding or rolling from the 

stacks and may be accomplished by the use of chock blocks.  Rolls 
should be stacked at a height no higher than that at which the lifting 
apparatus can be safely handled (typically no higher than four).  

 
C. All stored GCL materials and the accessory bentonite must be covered 

with a plastic sheet or tarpaulin until their installation. 
 
D. The integrity and legibility of the labels shall be preserved during storage.   

 
2320.13 GCL Placement 
 

A. Any earthen surface upon which the GCL is installed shall be prepared 
and compacted in accordance with the Project 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. Full length panels (150 feet long) will be used on all cell side slopes. 
 
C. The Installer shall certify in writing that the surface on which the GCL will 

be installed is acceptable. 
 
D. GCL rolls should be delivered to the working area of the site in their 

original packaging.  Immediately prior to deployment, the packaging 
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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 recommendations. 

 
E. 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. 

 
F. 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. 

 
G. The GCL panels shall be placed parallel to the direction of the slope.  
 
H. All GCL panels should lie flat on the underlying surface, with no wrinkles 

or fold, especially at the exposed edges of the panels.   
 
I. Only as much GCL shall be deployed as can be covered at the end of the 

working day with a geomembrane.  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 
project Engineer, CQA inspector, and GCL supplier should be consulted 
for specific guidance if premature hydration occurs. 

 
 
02320.14 Anchorage 
 

A. As directed by the Project Specifications and Drawings, the end of the 
GCL roll shall be placed in an anchor trench at the top of the slope or an 
equivalent runout design shall be utilized.  When utilizing an anchor 
trench design, the front edge of the trench should be rounded so as to 
eliminate any sharp corners.  Loose soil should be removed from the floor 
of the trench.  The GCL should cover the entire trench floor but does not 
extend up the rear trench wall.  

 
02320.15 Seaming 
 

A. The GCL seams are constructed by overlapping their adjacent edges.  
Care should be taken to ensure that the overlap zone is not contaminated 
with loose soil or other debris.  

 
B. The minimum dimension of the longitudinal overlap should be 6 inches. If 

the GCL is manufactured with a grooved cut in the nonwoven geotextile 
that allows bentonite to freely extrude into the longitudinal overlap then no 
supplemental bentonite is required for this overlap. If the GCL does not 
have a grooved cut in the nonwoven geotextile longitudinal overlap, then 
bentonite-enhanced seams are required as described below. 



                                                                   PROJECT #13.00726                                     02320 – Page 8 

 
C. End-of-roll overlapped seams should be constructed with a minimum 

overlap of 24 inches.  Seams at the ends of the panels should be 
constructed such that they are shingled in the direction of the grade to 
prevent the potential for runoff flow to enter the overlap zone.  End-of-roll 
overlapped seams require bentonite-enhanced seams as described 
below.  

 
D. Bentonite-enhanced seams are constructed between the overlapping 

adjacent panels as follows. The underlying edge of the longitudinal 
overlap is exposed and then a continuous bead of granular sodium 
bentonite is applied along a zone defined by the edge of the underlying 
panel and the 6-inch line.  The granular bentonite shall be applied at a 
minimum application rate of one quarter pound per lineal foot.  A similar 
bead of granular sodium bentonite is applied at the end-of-roll overlap.   

 
E. Cyclical wetting and drying of GCL covered only with a geomembrane 

can cause overlap separation.  The leachate collection system layer (16 
oz/yd2 non-woven geotextile, leachate collection piping and the 24 inch 
leachate drainage layer) should be placed without delay to minimize the 
intensity of wet-dry cycling.  If there is the potential for unconfined cyclic 
wetting and drying over an extended period of time, the longitudinal seam 
overlaps should be increased based on the Engineer’s recommendations. 

 
F. To avoid seam separation, the GCL should not be put in excessive 

tension by the weight or expansion of textured geomembrane on steep 
slopes.   

 
02320.16 Damage Repair 
 

A. Slopes flatter than or equal to 10H:1V:  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 24 inches is achieved around all of the damaged 
area.  Granular bentonite or bentonite mastic should be applied around 
the damaged area prior to placement of the patch.  An adhesive will be 
used to affix the patch in place so that it is not displaced during 
geomembrane or cover material placement. 

 
 If the damaged area is along the side of the panel or at the Installers 

option, the panel may be cut off above and below the damaged area and 
a horizontal seam constructed in accordance with Section 02320.15. 

 
B. Slopes steeper than 10H:1V:  Patches will not be allowed on the slopes 

exceeding a 10H:1V slope. 

 
02320.17 Cover Placement 
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A. Only as much GCL shall be deployed as can be covered at the end of the 
day with a properly installed (all seams completed) geomembrane.   

 
B. The leachate collection system layer (16 oz/yd2 non-woven geotextile, 

leachate collection piping and the 24 inch leachate drainage layer) should 
be placed on top of the geomembrane without delay to minimize the 
intensity of wet-dry cycling. 

 
C. The 24 inch leachate drainage layer shall be pushed up slopes, not down 

slopes, to minimize tensile forces on the GCL. 
 
D. Although direct vehicular contact with the GCL is to be avoided, 

lightweight, low ground pressure vehicles (such as 4-wheel all-terrain 
vehicles) may be used to facilitate the installation of any geosynthetic 
material placed over the GCL.  The GCL supplier or CQA engineer should 
be contacted with specific recommendations on the appropriate 
procedures in this situation. 

 
E.  When a textured geomembrane is installed over the GCL, a temporary 

geosynthetic covering known as a slip sheet or rub sheet will be used to 
minimize friction during placement and to allow the textured 
geomembrane to be more easily moved into its final position. 

 
02320.18 Geosynthetic Clay Liner Warranty 

 
The installation of the Geosynthetic Clay Liner shall be warranted against 
defects in workmanship for a period of 1 year from the date of substantial 
project completion. 
 

END OF SECTION 
 



SECTION 02400 LEACHATE COLLECTION REMOVAL SYSTEM (LCR) 
 
 
02400.1 Scope of Work 
 

The Contractor shall furnish all labor, materials, supervision, and 
equipment necessary to complete the LCR System including trench 
excavation, hauling, spreading, grading, rolling and all necessary and 
incidental items required to complete the Work, all in accordance with the 
Contract Drawings and these Contract Specifications. 

 
02400.2 Materials 
 

Pipe for the LCR System shall be High Density Polyethylene (HDPE) pipe. 
 

1. HDPE piping shall have nominal diameters as noted on the 
Contract Drawing. 

 
2. HDPE piping shall have a maximum Standard Dimension Ratio 

(SDR) of 17 or as specified on the Contract Drawings. 
 
3. The HDPE pipe shall be manufactured from first quality virgin 

polyethylene with the following nominal properties. 
 
Property ASTM Method Frequency Acceptable Value 
Relative Density D1505 Per Shipment .95 gms/cm3  
Melt Index D1238 Per Shipment 0.08 gms/10 min. 
Carbon Black 
Content 

D3350 Per Shipment Min. 2% 

Tensile Strength @ 
Yield 

D638, Type IV Per Shipment 3200 psi 

Elastic Modulus D638 Per Shipment > 150,000 psi 
 
 
 

The HDPE pipe section to be perforated shall be as follows or approved 
by the Engineer: 

 
1) Four rows of perforations; Two rows on each side of pipe at 

approximately 45° and between 75° and 90° from bottom of 
pipe. 

 
2) Each row of perforations shall have holes approximately 6 

inches on center; and 
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3) Each hole shall be 1/2-inch diameter. 
 

The dual contained force main shall consist of HDPE carrier pipe inside 
HDPE containment pipe.  The carrier pipe shall be concentrically located 
within containment pipe with spacers.  The force main within the tank 
containment area shall consist of schedule 10 or schedule 40, 304 SS 
with lap joint stub end flange connections.  Back up flanges are 
galvanized.  Bolting is zinc plated grade 5.  All necessary pipe supports to 
prevent sagging or movement shall be furnished. 

 
All proposed exposed piping shall be heat traced and insulated, and any 
existing piping disturbed during construction shall be restored to original 
condition with insulation and heat tracing. 

 
The chemical resistance of the HDPE pipe and all fittings shall be in 
keeping with typical properties of high quality polyethylene products 
currently available through commercial sources.  All mechanical fasteners 
or fittings shall be stainless steel. 

 
02400.3 Stone bedding surrounding the perforated HDPE piping shall be No. 5 

washed stone.  The Contractor shall be responsible for providing the 
stone bedding material. 

 
02400.4 Non-woven Filter Geotextile shall be as indicated below: 
 

Non-woven Geotextile 
 

The geotextile used shall be ultraviolet stabilized 1) a non-woven, 
needlepunched, continuous filament polyester material or, 2) a non-
woven, needlepunched continuous filament polypropylene material or, 3) 
a non-woven, needlepunched staple fiber polypropylene material. 
 
A 16 oz. Geotextile cushion will be placed between the geomembrane and 
the drainage layer.  The friction angle between the geotextile and the 
geomembrane shall be a minimum of 20 degrees.  The Contractor shall 
verify and submit to the Engineer proper documentation prior to beginning 
construction.  The test method used to verify the interface friction angle 
between the 60-mil geomembrane and the geotextile shall be ASTM 
D5321 Standard Test Method for Determining the Coefficient of Soil and 
Geosynthetic or Geosynthetic and Geosynthetic Friction by Direct Shear 
Method.  Test parameters are to provide 3 points to range over minimum 
and maximum expected normal loads.  Minimum will be a construction 
load of 260 psf.  Maximum will be at the landfill’s final filled condition or 
approximately 1,423 psf.  The normal loadings used shall be 250, 750 and 
1,500 psf. 
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A 6 oz. Geotextile will be used to wrap the leachate lines and the #5 stone 
bedding. 
 
The non-woven material shall meet or exceed the following criteria using 
Minimum Average Values: 
 

Property ASTM 
Method 

Frequency Acceptable Values 
6 oz. 

Geotextile 
16 oz. 

Geotextile 
Grab Tensile Strength D4632 Every 5th Roll 160 lbs. 370 lbs. 
Grab Tensile 
Elongation 

D4632 Every 5th Roll 50 Percent 50 Percent 

Puncture (pin) 
Strength 

D4833 Every 5th Roll 110 lbs. 170 lbs. 

Mass per Unit Area D5261 Each Roll 6.0 oz. 16 oz. 
Apparent Opening 
Size (AOS) 

D4751 Every 5th Roll .212 mm (70 
Sieve max.) 

0.150 mm (100 
Sieve max.) 

 
02400.5 HPDE Sumps, Catch Basins 
 

All HDPE pipe and fittings (both interior carrier and exterior containment 
pipe) shall be manufactured from first quality virgin polyethylene with the 
following nominal properties: 

 
 
Property ASTM Method Frequency Acceptable Value 
Relative Density D1505 Per Shipment .95 gms/cm3  
Melt Index D1238 Per Shipment 0.08 gms/10 min. 
Carbon Black 
Content 

D3350 Per Shipment Min. 2% 

Tensile Strength @ 
Yield 

D638, Type IV Per Shipment 3200 psi 

Elastic Modulus D638 Per Shipment > 150,000 psi 
 

The chemical resistance of the HDPE pipe, welding rod and all fittings 
shall be equal or greater than that of the 60 mil. HDPE liner specified. 
 
All interior pipe welds must be machine butt fusion welded and 
demonstrated to be watertight and sufficiently strong to develop the full 
strength of the joined sections, e.g. failure should not occur in a weld.  Air 
testing of the pipe seams must be performed in accordance with the 
contract documents before acceptance by the Engineer. 
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02400.6 Drainage Layer 
 
 The drainage layer shall consist of washed stone with a maximum 

nominal diameter of 5/8”.  The chemical properties of the stone shall not 
be adversely affected by waste placement or leachate generated by the 
landfill.  The washed stone material shall have a high permeability that 
allows lateral drainage through the drainage layer and along the surface 
of the base liner.  The drainage layer material shall contain no more than 
5% fines by weight. 

 
 The drainage layer shall be placed with a minimum compacted thickness 

of 24 inches with an overfill variance of + 0.2 feet allowed for a total 
allowable thickness of 2.2 feet.  Any areas of the completed drainage 
layer that exceed this thickness will be measured and the volume of 
overfill calculated by the engineer.  The Contractor will be required to 
compensate the owner for the overfill volume, calculated at a rate of 
$24.00 per cubic yard.  The surface of the drainage layer shall be 
surveyed by the Contractor to ensure the specified thickness.  The survey 
must be performed and stamped by a registered Professional Land 
Surveyor in the State of North Carolina.  The survey information shall be 
provided to the Engineer in a format pre-approved by the Engineer and 
acceptable to the North Carolina DEHNR, Division of Waste Management, 
Solid Waste Section.  All inverts, intersections, connection points and 
cleanouts for the LCS piping shall also be surveyed.  At a minimum, 
survey data shall be collected at a 50-foot grid and every 50 feet along 
changes in grade. 

 
Equipment used during placement of the drainage layer shall not be 
allowed to operate directly on the geomembrane.  Equipment will not be 
allowed on any portion of the geomembrane without the protective 
geotextile and a minimum of 18 inches of stone material in place.  The 
drainage layer shall be stable when placed on the interior slopes of the 
landfill.  The friction angle between the Geotextile and the drainage layer 
shall be a minimum of 24 degrees.  This friction angle shall be verified by 
the Contractor and proper documentation submitted to the Project 
Engineer prior to beginning construction.  The test method used to verify 
the interface friction angle between the geotextile and the drainage layer 
material shall be ASTM D5321 Standard Test Method for Determining the 
Coefficient of Soil and Geosynthetic or Geosynthetic and Geosynthetic 
Friction by Direct Shear Method.  Aggregate specimens must be 
compacted and/or conditioned to represent field conditions.  Test 
parameters are to provide 3 points to range over minimum and maximum 
expected normal loads.  Minimum will be a construction load of 260 psf.  
Maximum will be at the landfill’s final filled condition or approximately 
1,423 psf.  The normal loadings used shall be 250, 750 and 1,500 psf. 
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02400.7 Construction 
 

The geotextile for the bottom of the cell shall be installed as follows: 
 

The specified geotextile shall be placed over the HDPE liner.  The 
geotextile shall be immediately sewn by a methodology approved by the 
Engineer.  The geotextile shall be extended up the side slopes and placed 
in the anchor trench as indicated on the Contract Drawings. 

 
The perforated high density polyethylene collector pipe shall be as shown 
on the Contract Drawings. 

 
a) The pipe section connections shall be made by: 

 
(1) Heat fusion weld; 
(2) Material extrusion weld; 
(3) Threaded connection; 
(4) Snap-couplings (approved mechanical); and/or 
(5) Combination of any two or more of the above.  No 

solvent or glued joints are allowed. 
(6) The two main 8” leachate collection system trunk 

lines shall be video-inspected after the stone drainage 
materials have been installed over the piping, prior to 
acceptance by the County.  Additionally, the leachate 
gravity sewer beneath MSW Phase 3 shall be video 
inspected and approved by the Engineer prior to the 
clay liner placement. 

 
02400.8 The top of the gravel sump shall be completely covered with a 6 oz. filter 

geotextile to avoid “clogging” during placement of the first two lifts of the 
operational cover. 

 
1) The sections of the geotextile shall be installed with a minimum 

overlap of 2 inches and field sewn together; 
 
2) The overlapped edges of the geotextile shall be temporarily secured 

during periods of windy weather; 
 
 

END OF SECTION 
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SECTION 02620 HDPE GEOMEMBRANE LINER 
 
 
02620.1 Scope of Work 
 

The Installer shall furnish all labor, materials, supervision and equipment 
to complete the HDPE Geomembrane Liner including, but not limited to, 
anchor trench excavation and backfill, liner layout, seaming, patching, and 
all necessary and incidental items required to complete the Work, in 
accordance with the Contract Drawings and these Specifications. 

 
02620.2 Materials 
 

The geomembrane liner shall be made of high-density polyethylene 
(HDPE) that has an absolute minimum thickness of 60 mils.  This means 
that the geomembrane shall have a thickness of 60 mils at any point 
measured on the sheet.  An average minimum thickness will not be 
considered.  If during conformance testing or on-site testing and 
inspection, a thickness measurement is found to be less than 60 mils, the 
material will be rejected for use during construction. 
 
The geomembrane used shall meet, at a minimum, the standards 
included in Tables 1, 2 and 3 located at the end of this section. 
 
The chemical resistance of the geomembrane liner shall be in keeping 
with typical properties of high quality polyethylene products currently 
available through commercial sources. 
 
Geomembrane liner shall be shipped rolled with a protective wrap around 
each roll, labeled with roll number and manufacturer’s batch number.  
Manufacturer’s quality control documentation shall be included with each 
roll. 
 
The geomembrane shall be free of holes, blisters, undispersed raw 
materials, or any sign of contamination by foreign matter.  Any such defect 
shall be repaired in accordance with the geomembrane manufacturer’s 
recommendations.  The Engineer may reject all or portions of units (or 
rolls) of the geomembrane if in his opinion significant quantities of 
production or transporting flaws are observed. 
 
The Installer shall submit proposed geomembrane panel layouts to the 
Engineer at least 14 days prior to mobilization of crews (2 copies).  Once 
the panel layout is approved, the Installer may not change the layout 
without permission of the Engineer. 
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02620.3 Construction 
 

The geomembrane liner shall be installed by a specialty contractor, and 
that specialty contractor must have installed a minimum of 5,000,000 
square feet of geomembrane liner since November, 1998. 
 
The geomembrane liner shall be constructed as soon as practical after 
completion and approval of the compacted clay liner or portion thereof.  
The top of the compacted clay liner will be surveyed to ensure adequate 
thickness of clay material and proper grades toward the collection sump 
area have been achieved.  The Contractor shall be responsible for 
providing survey information for all panel locations, seam locations, 
destructive testing locations, repairs, and liner flap used to construct the 
temporary liner edge.  The survey must be performed and stamped by a 
registered Professional Land Surveyor in the State of North Carolina.  The 
survey information shall be provided to the Engineer in a format pre-
approved by the Engineer and acceptable to the North Carolina DEHNR, 
Division of Waste Management, Solid Waste Section.  The geomembrane 
is to cover the bottom of the cell and the side slopes in accordance with 
the Contract Drawings. 
 
Areas to receive liner installation shall be relatively smooth and even, free 
of ruts, voids, etc., to the extent required by the Engineer.  This shall be 
accomplished by final dressing of the compacted liner with smooth drum 
rollers.  No vehicles are permitted on final dressed surfaces unless 
authorized by the Engineer. 
 
An anchor trench (as illustrated on the Contract Drawings) will be required 
to secure the geomembrane.  No loose soil will be allowed to underlie the 
geomembrane in the anchor trenches.  The time schedule for excavation 
and backfilling of the anchor trenches is to be approved by the Engineer 
so that desiccation of trench soils does not occur prior to backfilling. 

 
02620.4 Installation of the geomembrane shall be as follows: 
 
 All geomembrane installed on side slopes will be 60 mil textured material.  

The textured material shall be extended a minimum of ten (10) feet 
beyond the toe of slope. 

 
Unroll only those sections that are to be seamed together in one day.  
Panels should be positioned with the overlap recommended by the 
manufacturer, but not less than 4 inches.  The side slope geomembrane 
will be placed in an anchor trench that is then backfilled with soil and 
compacted as shown on the Contract Drawings. 
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After panels are initially in place, remove wrinkles as directed by the 
Engineer.  Unroll several panels and allow the liner to “relax” before 
beginning field seaming.  The purpose of this is to make the edges, which 
are to be bonded, as smooth and free of wrinkles as possible. 
 
Once panels are in place and smooth, commence field seaming 
operations. 
 
The Installer’s Field Superintendent will complete a Daily Report at the 
end of each day and submit the form daily to the Engineer. 
 
Field seaming shall be in accordance with EPA Technical Guidance 
document:  “The Fabrication of Polyethylene FML Field Seams” 
EPA/530/SW-89/069 or as follows.  Where conflicts exist between the two 
guidance specifications, the most stringent specification prevails or as 
directed by the Engineer. 
 

02620.5 All foreign matter (dirt, water, oil, etc.) shall be removed from the edges to 
be bonded.  For extrusion welds, the bonding surfaces must be thoroughly 
cleaned by mechanical abrasion or alternate methods approved by the 
Engineer to remove surface cure and prepare the surfaces for bonding.  
All abrasive buffing shall be performed using No. 80 grit or finer 
sandpaper.  The grinding shall be performed so that any and all grind 
marks are perpendicular to the edge of sheet.  No grinding greater than 
1/8 inch outside the welds is permitted or the Engineer can require 
patching.  No solvents shall be used to clean the geomembrane liner. 
 

02620.6 As much as practical, field seaming shall start from the top of the slope 
down.  This will minimize large wrinkles from becoming trapped, which 
requires cutting and patching.  Tack welds (if used) shall use heat only; no 
double sided tape, glue, or other method will be permitted.  The 
geomembrane should be seamed completely to the ends of all panels to 
minimize the potential of tear propagation along the seam. 
 
The completed liner shall not exhibit any “trampolining” during any daylight 
hours (6:00 a.m. to 8:00 p.m.).  All areas exhibiting trampolining must be 
repaired as directed by the Engineer.  Additional slack (i..e., 1-3 percent) 
shall be allowed on the side slopes to reduce the potential for 
trampolining. 
 
Seaming of the cell bottom membrane to the sidewall membrane (toe 
seam) shall be conducted when conditions minimize thermal expansion 
effects.  All toe seams must be a minimum of 10 feet horizontally from the 
toe of the slope.  Horizontal seams will not be allowed on the side slopes 
unless approved by the Engineer. 
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02620.7 At the end of each day or installation segment, all unseamed edges shall 
be anchored by sand bags or other approved device.  Sand bags securing 
the geomembrane on the side slopes should be connected by a rope 
fastened at the top of the slope by a temporary anchor.  If high winds are 
expected, boards along the edge of unseamed panels, with weighted 
sand bags on top, may be used to anchor the geomembrane on the 
bottom of the cell.  Sand bags fastened by rope should be used to secure 
unseamed edges on the side slopes.  Staples, U-shaped rods or other 
penetrating anchors shall not be used to secure the geomembrane on the 
side slopes.  Any damage to the liner or clay liner including damage due 
to wind, rain, hail, or other weather shall be the sole responsibility of the 
Contractor. 
 

02620.8 Field seaming may be extrusion or fusion welding or a combination of 
these methods.  Solvent welding is not acceptable.  The Engineer 
reserves the right to reject any proposed seaming method they believe 
unacceptable.  Double hot wedge fusion welding shall be the predominant 
seaming method and shall be used when possible.  Additional concepts 
and requirements of proper field seaming include the following. 
 

02620.9 Extrusion welding applies a molten bead of material to preheated sheets 
of geomembrane.  The sheets are then joined by pressure. 
 

02620.10 The fusion welding process heats the area to be joined to the melting 
point and then applies pressure to join the melted surfaces. 
 

02620.11 The sheets to be joined shall be overlapped at least four (4) inches after 
the necessary cleaning, aligning and cutting. 
 

02620.12 The seams should be oriented parallel to the line of maximum slope, i.e., 
oriented up and down, not across, the slope.  In corners and odd shaped 
geometric locations, the number of field seams shall be minimized. 

 
02620.13 No horizontal seams shall be within ten (10) feet from the toe of the slope.  

No horizontal seams will be allowed on the side slopes unless approved 
by the Engineer. 
 

02620.14 No seaming shall be attempted above 40°C (104°F) ambient air 
temperature.  Below 5°C (41°F) ambient air temperature, preheating of 
the geomembrane will be required, unless it is demonstrated that this is 
not necessary (i.e., acceptable test (start-up) seams which duplicate, as 
closely as possible, actual field conditions can be achieved).  Preheating 
may be achieved by natural and/or artificial means (shelters and heating 
devices).  Ambient temperature is measured 18 inches above the liner 
surface.  The Installer shall supply instrumentation for measurement of 
ambient temperature. 
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02620.15 A moveable protective layer of plastic or approved material may be placed 

directly below each overlap of geomembrane that is to be seamed.  This 
is to prevent any moisture build-up between the sheets to be welded.  The 
protective layer must be removed after welding. 

 
02620.16 Seaming will extend to the outside edge of panels to be placed in anchor 

trenches. 
 

02620.17 If required, a firm substrata should be provided by using a flat board, a 
conveyor belt, or similar hard surface directly under the seam overlap to 
achieve proper support. 

 
02620.18 Grinding prior to welding shall be done perpendicular to the sheet edge.  

Overgrind greater than 1/8 inch beyond the welded seam or improperly 
ground areas shall be replaced at the Installer’s expense. 

 
02620.19 Seams at the Panel Corners 
 
 Seams at the panel corners of 3 or 4 sheets shall be completed with a 

circular patch approximately 12 inches in diameter, extrusion welded to 
the parent sheets. 

 
02620.20 Quality Control 

 
All geomembrane sheet, seams, and patches will be tested and evaluated 
prior to acceptance.  In general, testing of the sheet will be conducted by 
the manufacturer.  Testing of the seams will be conducted by the Installer 
under observation by the Engineer.  The Engineer or a designated, 
independent geosynthetics laboratory may perform additional testing, as 
required by these detailed Specifications or as required in the judgment of 
the Engineer or Authorized Representative to verify that the HDPE sheet 
and seams meet the specifications.  The geosynthetics installer will be 
required to adhere to the requirements of the Site Specific Construction 
Quality Assurance Plan.  Testing requirements are detailed in the 
following subsections: 
 

02620.21 Pre-shipping Sheet Tests 
 

The Installer or supplier (manufacturer) will be required to submit his 
Quality Control Program to the Owner prior to initiating field work.  At a 
minimum, the Manufacturer will perform the tests, at the frequencies given 
in Table 3, on the HDPE sheet prior to shipping HDPE material to the site. 
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02620.22 Test Seams (Destructive Tests) 

 
The Installer shall maintain and use equipment and personnel at the site 
to perform testing of test seams.  These seams will be made on fragment 
pieces of geomembrane liner to verify that seaming conditions are 
adequate.  At a minimum, test seams shall be made upon each start of 
work for each seaming crew, upon every four hours of continuous 
seaming, every time seaming equipment is changed or if significant 
changes in geomembrane temperature and weather conditions are 
observed.  The technician shall complete the Test Seam Form provided 
by the CQA Engineer immediately after each test.  Requirements for test 
seams are as follows: 
 

02620.23 The test seam sample will be at least 1.8m (6 feet) long by 0.3m (1 foot) 
wide with the seam centered lengthwise.  Six adjoining specimens 25mm 
(1 inch) wide each will be cut from the test seam sample.  At the 
Engineer’s option, the shear tests may be eliminated for test seams.  
These specimens will be tested in the field with a tensiometer and/or 
manual seam tester for both shear (3 specimens) and peel (3 specimens).  
For dual wedge both inside and outside welds should be tested in the 
peel.  Test seams will be tested by the Installer under approval of the 
Engineer.  The specimens should not fail in the weld.  The Installer shall 
supply all necessary knowledgeable personnel and testing equipment.  
Quantitative strength measurements from a calibrated field tensiometer, 
supplied by the Installer, shall be obtained for all three (3) specimens in 
shear and peel for the test seams.  A passing test seam will be achieved 
when the criteria described in Table 1 (located at the end of this section) 
are satisfied.  If a test seam fails, the entire operation will be repeated.  If 
the additional test seam fails, the seaming apparatus or seamer will not be 
accepted and will not be used for seaming until the deficiencies are 
corrected and two consecutive successful full test seams are achieved.  
Test seam failure is defined as failure of any one of the specimens tested 
in shear or peel. 
 

02620.24 The Engineer will approve all test seam procedures and results.  The six 
(6) test specimens shall be labeled with initials of the technician, date, and 
A.M. or P.M. as appropriate; bound together with electrical tape; and 
retained by the Engineer until the project is over.  The Engineer will 
transfer these specimens to the Owner following the Engineer’s 
acceptance of the geomembrane materials and installation. 
 

02620.25 Production Seams 
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One hundred percent of the production seams will be tested by the 
Installer continuously using non-destructive techniques and at specified 
intervals using destructive tests. 
 
All areas failing nondestructive test procedures described below shall be 
clearly marked both on the liner itself and on the Seam Inspection Quality 
Control Form. 
 

02620.26 Non-Destructive Testing 
 
Single Weld Seams:  The Contractor shall maintain and use equipment 
and personnel at the site to perform continuous vacuum box testing on all 
single weld production seams except those corner seams where vacuum 
box testing is impossible.  The system shall be capable of applying a 
vacuum of at least 3 psi.  The vacuum shall be held for a minimum of 15 
seconds for each section of seam.  All vacuum boxes to be used at this 
job site shall have new gaskets installed prior to reaching the job site.  
The geosynthetics installer shall also be required to have backup vacuum 
testing equipment at the job site.  If the geosynthetics installer fails to 
provide the backup equipment, and it results in delays of the project, the 
geosynthetics installer will be liable for all costs associated with the delay. 
 
Double Weld Seams:  The Contractor shall maintain and use equipment 
and personnel to perform air pressure testing of all double weld seams.  
The system shall be capable of applying a pressure of at least 30 psi for 
not less than 5 minutes.  All channels between the double weld seam 
must first be verified that the channel is open throughout the entire test 
area.  The air pressure test results shall be documented.  Pressure loss 
tests shall be conducted in accordance with the procedures outlined in 
“Pressurized Air Channel Test for Dual Seamed Geomembranes,” 
Geosynthetic Research Institute Test Method GM-6.  As outlined by the 
test method, following a 2 minute pressurized stabilization period, 
pressure losses over a measurement period of 5 minutes shall not exceed 
3 psi. 
 
Double weld seams will also be visually inspected on 100 percent of the 
seam.  If necessary, the outside flap can be pulled back to aid in the 
visual inspection. 
 

02620.27 Destructive Testing 
 
Laboratory destructive testing (LDT) is defined as 12” X 48” samples cut 
on 500 foot centers for both extrusion and double welded seams.  Field 
destructive testing (FDT) is defined as 3” X 6” samples cut at the end of 
each seamed area exceeding 200 feet.  Both are described below: 
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Laboratory destructive testing will be performed on an average of every 
500 linear feet of production seam.  The locations will be selected by the 
CQA Engineer.  Samples will be 12” X 48” in order to provide one sample 
to the archive, one sample to the Engineer for laboratory testing, and one 
sample to be retained by the Installer for possible field and/or additional 
laboratory testing at the option of the Installer. 
 
Before the sample is sent to the laboratory, two specimens, one from 
each end of the specimen will be tested in peel in a calibrated field 
tensiometer, supplied by the Installer.  Both specimens must meet the 
qualitative and quantitative criteria listed in Tables 1 and 2.  Testing 
requirements are as follows:  Each sample shall be large enough to test 
five specimens in peel and five specimens in shear.  The average values 
of each set of five specimens must meet the values shown in Tables 1 
and 2.  If the average of the five specimens is adequate, but one of the 
specimens is below the required value, values for the specimen must be 
at least 90% of the values required for the sample to pass.  All samples 
must fail in film tear bond (FTB).  Samples which do not pass the shear 
and peel tests will be re-sampled from locations at least 10 feet on each 
side of the original location.  These two re-test samples must pass both 
shear and peel testing.  If these two samples do not pass, then the entire 
seam represented by the test shall be capped.  Tests shall be conducted 
using a calibrated tensiometer and must meet the criteria outlined in 
Tables 1 and 2 located at the end of this section.  The Owner will pay for 
destructive testing of the original destructive samples.  The geosynthetics 
installer will be responsible for all costs associated with resampling and 
retesting for failing destructive samples beyond a 5% failure rate by 
quantity.  This includes the cost of lab and CQA personnel.  The minimum 
charge for each destructive re-test exceeding the 5% failure rate will be 
$500.00 per occurrence.  
 
Field Destructive Testing (FDT) shall be small 2” X 6” samples cut out at 
the beginning and end of each seam exceeding 200 feet in length.  Three 
1” X 6” specimens will be tested in peel from each sample using the 
Installer’s Field Tensiometer or qualitative peel tester at the option of the 
Installer.  No qualitative peel strength values need to be determined with 
the Field Destructive test, but each specimen must meet all qualitative 
criteria listed in Tables 1 and 2. 
 
The Engineer will approve all seam field and laboratory test procedures 
and results.  All laboratory destructive test specimens will be marked with 
the seam number and letters then bound together for a particular seam 
and stored in the Owner’s archives.  The specimens for the FDT need not 
be retained. 
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Each sample area will be clearly marked both on the liner itself (LDT or 
FDT). 
 
All areas cut out for testing shall be immediately patched by the Installer. 
 

02620.28 Repair of Damaged and Sampled Areas 
 
Damaged and sample coupon areas of geomembrane shall be repaired 
by the Installer by construction of an extrusion welded cap strip.  No 
repairs shall be made to seams by application of an extrusion bead to a 
seam edge previously welded by fusion or extrusion methods.  Repaired 
areas will be tested for seam integrity as outlined in Section 02620.27 of 
this specification. Damaged materials are the property of the Contractor 
and will be removed from the site at the Contractor’s expense.  The 
Contractor will retain all ownership and responsibility for the 
geomembrane until acceptance by the Engineer.  The geomembrane shall 
be accepted by the Engineer after the installation and repair are complete, 
and after the Engineer has received documentation for the installation. 
 

02620.29 Potentially Damaging Activities 
 
No support equipment of any type, which may be used by the Contractor, 
shall be allowed on the geomembrane.  Personnel working on the 
geomembrane shall not smoke, wear damaging shoes, or engage in any 
activity that could damage the geomembrane.  No glass or sharp objects 
shall be allowed on the geomembrane. 
 

02620.30 Anchor Trench Backfilling 
 
The anchor trench will be backfilled and compacted by the Contractor to a 
dry density not less than 95 percent of the maximum dry density 
determined by the Standard Proctor (ASTM D-698).  Care should be 
taken when backfilling the trench to prevent any damage to the 
geomembrane.  Anchor trench soil shall be used as backfill material, 
wherever acceptable by the Engineer. 

 
02620.31 Protection of Leading Edges 

 
Between construction of partial sections of the membrane liner, excluding 
temporary phaselines, leading edges of the membrane may be exposed 
or buried for extended periods of time prior to their joining to adjacent, 
subsequent membrane sections.  The combined action of abrasive soil 
and equipment impact stresses may “etch” unprotected membrane 
surfaces sufficiently to affect seam strengths.  Therefore, it is necessary 
to protect leading edges in high activity areas with sacrificial layers of 
geotextile and HDPE sheet until they are ready for final seaming.  As a 
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minimum, each leading edge to be seamed that must be buried or which 
must be exposed for periods of one month or longer shall be continuously 
covered by a layer of HDPE sheet.  The geotextile shall be nonwoven and 
have a minimum weight of 8 oz. per square yard. The sacrificial HDPE 
sheet shall have a minimum thickness equal to that of the membrane liner 
to be protected.  Both protective layers shall have a minimum width of 2 
feet.  The protective cover sheets shall be either covered with soil or 
weighted with sand bags to prevent displacement by wind.  The edge of 
the sheet to be protected shall be approximately centered beneath the 
overlying protective layers prior to burial or weighing with sandbags.  
Leading edges located in areas expected to receive direct traffic from 
construction equipment shall be buried under a minimum thickness of one 
foot of buffer soil. 
 

2620.32 Geomembrane Warranty 
 
 
 
The installation shall be warranted against defects in workmanship for a 
period of 1 year from the date of substantial project completion. 
 

Table 1 
 

Required Physical Properties of Smooth Membrane Liner (HDPE) Sheet 
 

Property Test Method Required Values (60 
Mil. HDPE) 

Thickness ASTM D5199 60 mil minimum 
Specific Gravity (Relative Density) ASTM D1505 0.940 g/cm3 min. 
% Elongation at Yield (min. avg.) ASTM D6693 Type IV 12 
% Elongation at Break (min. avg.) ASTM D6693 Type IV 700 
Tensile Strength at Yield Min. 
Avg.) 

ASTM D6693 Type IV 126 lb/in. min. 

Tensile Strength at Break (min. 
Avg.) 

ASTM D6693 Type IV 228 lb/in. min 

Carbon Black Content ASTM D-1603 2% min. - 3% max. 
Carbon Black Dispersion ASTM D-5596 1, 2, Cat. (9 of 10 

views) Cat. 3 (1 of 
10 views) 

Puncture Resistance ASTM D4833 108 lb. min. 
Tear Resistance ASTM D 1004  42 lb. min. 
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Seam Strengths 
 

Shear Strength ASTM D4437, NSF Modified 120 lb/in 
Shear Strain @ Yield ASTM D4437, NSF Modified 10% (min.) 
Peel Strength (Fusion Weld) ASTM D4437, NSF Modified 91 lb/in 
Peel Strength (Extrusion Weld) ASTM D4437, NSF Modified 78 lb/in 

 
Non-Destructive Testing 

 
Single Weld Continuous Vacuum Box; Impact Maintain vacuum of 3 psi, hold 

vacuum for 15 seconds. 
Double Weld Air Testing Maintain 30 psi for no less than 5 

min.; pressure loss not greater 
than 3 psi for last 3 minutes. 

 
 

Table 2 
 

Required Physical Properties of Textured Membrane Liner (HDPE) Sheet 
 

Property Test Method Required Values (60 
Mil. HDPE) 

Thickness ASTM D-5994 60 mil minimum 
Specific Gravity (Relative 
Density) 

ASTM D-1505 0.940 g/cm3 min. 

% Elongation at Yield ASTM D6693 Type IV 12 
% Elongation at Break ASTM D6693 Type IV 100 
Tensile Strength at Yield ASTM D6693 Type IV 126 lb/in. min. 
Tensile Strength at Break ASTM D6693 Type IV 90 lb/in. min 
Carbon Black Content ASTM D-1603 2% min. - 3% max. 
Carbon Black Dispersion ASTM D-5596 1, 2, Cat. (9 of 10 

views) Cat. 3 (1 of 
10 views) 

Puncture Resistance ASTM D4833 90 lb. min. 
Tear Resistance ASTM D 1004  42 lb. min. 

 
Seam Strengths 

 
Shear Strength ASTM D4437, NSF Modified 120 lb/in 
Shear Strain @ Yield ASTM D4437, NSF Modified 10% (min.) 
Peel Strength (Fusion Weld) ASTM D4437, NSF Modified 91 lb/in 
Peel Strength (Extrusion Weld) ASTM D4437, NSF Modified 78 lb/in 
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Non-Destructive Testing 
 

Single Weld Continuous Vacuum Box; Impact Maintain vacuum of 3 psi, hold 
vacuum for 15 seconds. 

Double Weld Air Testing Maintain 30 psi for no less than 5 
min.; pressure loss not greater 
than 3 psi for last 3 minutes. 

 
Table 3 

 
Required Pre-Shipping Sheet Testing of 

Membrane Liner (HDPE) 
 

Property Test Method Frequency 

Thickness ASTM D5994 (Textured) 
ASTM D5199 (Smooth) 

Each Roll 

Specific Gravity (Relative 
Density) 

ASTM D1505 Every 5th roll 

Tensile Properties ASTM D6693 Type IV Every 5th Roll 
Tear Resistance ASTM D1004  Every 5th Roll 
Puncture Resistance ASTM D-4833 Every 5th Roll 
Carbon Black Content ASTM D1603 Every 5th Roll 
Carbon Black Dispersion ASTM D-5596 Every 5th Roll 

 
 
 

END OF SECTION 
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SECTION 02621  GEOCOMPOSITE DRAINAGE LAYER 
 
PART 1:  GENERAL 
 
1.01 SCOPE OF WORK 
  

Furnish all labor, equipment, materials and incidentals necessary to install and 
complete installation of the geocomposite drainage layer. 

 
1.02  WARRANTY 
          
           A. Installation shall be warranted against defects in workmanship for a period of  
      1-year from the date of geocomposite completion. 
 
PART 2:  PRODUCTS 
 
2.01  GEOCOMPOSITE PROPERTIES 
          
           A. A geocomposite shall be manufactured by extruding two crossing strands to  
               form a bi-planar drainage net structure with a non-woven geotextile bonded to  
               one or both sides. 
 
           B. The geocomposite specified shall have properties that meet or exceed the  
                values listed in the following Table: 
 
 

Standard Property Drainage Sheet 
 

 
Tested Property 

 
Test Method MINIMUM AVERAGE VALUES(c) 

  6 oz. Fabric 8 oz. Fabric 

Geocomposite 
Transmissivity(a), 
m2/sec 

ASTM D4716 1.0x10-4 1.0x10-4 

Ply Adhesion, 
lb/in  

ASTM D7005 1 (b) 1 (b) 

Geonett Component (b)  
Transmissivity(a), 
m2/sec 

ASTM D4716 1x10-3 1x10-3 

Thickness, mil  ASTM D 5199 200  200  
Density, g/cm3 ASTM D 1505 

or ASTM D792, 
Method B 

0.94 0.94 

Peak Tensile ASTM D 5035 45  45  
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Strength (MD), 
lb/in  
Carbon Black 
Content, % 

ASTM D 1603 2.0 – 3.0 2.0 – 3.0 

Geotextile Component (b) 
Mass Per Unit 
Area, oz/yd2  

ASTM D 5261 6  8  

AOS, US Sieve  ASTM D 4751 70  80  
Grab Tensile 
Strength 

ASTM D4632 160 220 

Grab Tensile 
Elongation 

ASTM D4632 50 50 

Puncture Strength ASTM D4833 90 120 
Permittivity (min. 
avg.) (Sec-1) 

ASTM D 4491 1.6 1.3 

UV Stability, % 
retained (500 hr.) 

ASTM D 4355 
 

70 70 

(a) Gradient of 0.1, normal load of 10,000 psf, water at 70°, between stainless     
      steel plates and a 15-minute seat time. 
(b) Component properties prior to lamination. 
(c) These are MARV values that are based on the cumulative results of  
      specimens tested.  

 
       C. Resin 
            1.  Resin shall be new first quality, compounded polyethylene resin. 
         

PART 3: EXECUTION 
 
3.01 FAMILIARIZATION 
 
 A. Inspection 
     1. Prior to implementing any of the work in the Section to be lined, the  
                   Installer shall carefully inspect the installed work of all other Sections and  
                   verify that all work is complete to the point where the installation of the  
                   Section may properly commence without adverse impact. 
 
     2. If the Installer has any concerns regarding the installed work of other  
            Sections, he shall notify the Project Engineer. 
 
 B. Confirmation Testing 
 

The friction angle between the geocomposite and the textured 
geomembrane shall be a minimum of 25 degrees.  The Contractor shall 
verify prior to beginning construction.  The test method used to verify the 
interface friction angle between the geocomposite and the textured 
geomembrane shall be ASTM D5321 Standard Test Method for 
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Determining the Coefficient of Soil and Geosynthetic or Geosynthetic and 
Geosynthetic Friction by Direct Shear Method.  Test parameters are to 
provide 3 points to range over minimum and maximum expected normal 
loads.  Minimum will be a construction load of 260 psf.  Maximum will be 
at the landfill’s final filled condition or approximately 1,423 psf.  The 
normal loadings used shall be 250, 750 and 1,500 psf. 

 
3.02 MATERIAL PLACEMENT 
 
 A. The geocomposite roll should be installed in the direction of the slope and in 
               the intended direction of flow unless otherwise specified by the Engineer. 
 

B. If the project contains long, steep slopes, special care should be taken so  
                that only full length rolls are used at the top of the slope. 
 

C. In the presence of wind, all geocomposites shall be weighted down with  
     sandbags or the equivalent.  Such sandbags shall be used during placement  
     and remain until replaced with cover material. 

 
D. If the project includes an anchor trench at the top of the slopes, the  
     geocomposite shall be properly anchored to resist sliding.  Anchor trench  
     compacting equipment shall not come into direct contact with the  
     geocomposite. 

 
E. In applying fill material, no equipment can drive directly across the  
     geocomposite.  The specified fill material shall be placed and spread utilizing  
     vehicles with a low ground pressure. 

 
F. The cover soil shall be placed in the geocomposite in a manner that prevents  
     damage to the geocomposite.  Placement of the cover soil shall proceed  
     immediately following the placement and inspection of the geocomposite. 

 
3.03   SEAMS AND OVERLAPS 
 
 A. Each component of the geocomposite will be secured or seamed to the like  
               component at overlaps. 
 
 B. Geonet Components 
               1. Adjacent edges of the geonet along the length of the geocomposite roll  

        shall be placed with the edges of each geonet butted against each other. 
      
              2. The overlaps shall be joined by tying the geonet structure with cable ties. 
        These ties shall be spaced every 3 feet along the roll length. 
    3. Adjoining geocomposite rolls (end to end) across the roll width should be  
                 shingled down in the direction of the slope, with the geonet portion of the top  
                 overlapping the geonet portion of the bottom geocomposite a minimum of 12  
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                 inches across the roll width. 
    4. The geonet portion should be tied every 6 inches in the anchor trench or as  
                  specified by the Engineer. 
 
3.04   REPAIR 
 
 A. Prior to covering the deployed geocomposite, each roll shall be inspected for  
               damage resulting from construction. 
 
 B. Any rips, tears or damaged areas on the deployed geocomposite shall be  

     removed and patched.  The patch shall be secured to the original geonet by  
     tying every 6 inches with the approved tying devices.  If the area to be  
     repaired is more than 50 percent of the width of the panel, the damaged area  
     shall be cut out and the two portions of the geonet shall be joined in  
     accordance with Subsection 3.03. 

 
 

 
END OF SECTION 



SECTION 02630 STORMWATER CONTROL LINER 
 
 

02630.1 The temporary cover liner for the slopes shall be comprised of a minimum 
of 20 mil. Medium Density Polyethylene (MDPE) material as 
manufactured by Raven Industries (Product No. 2010B) or equal and as 
approved by the Engineer.  The liner should be resistant to ultra violet 
degradation for the operational life of the landfill or until the material is 
removed by the Owner (18 months minimum).  The minimum material 
properties values must be submitted to the Engineer prior to approval of 
the material. 

 

02630.2 The liner shall be delivered to the site in a minimum of 15 feet wide rolls.  
Prefabricated factory seams are permitted using a method approved by 
the Engineer.  The liner will be anchored at the top in the anchor trench. 

 

02630.3 The Installer or Fabricator shall weld all seams with the wedge welding 
method or as otherwise approved.  The quality control testing will include 
visual inspection and hand pulling of the seam for 100 percent of the 
factory and field seams. 

 

02630.4 The Owner will periodically remove these portions of the temporary liner 
where waste is being placed, from the bottom up, and discard the cut-off 
portion. 

 

02630.5 The Contractor is responsible for designing and installing an appropriate 
ballast system of the temporary liner to protect the liner against damage 
from up to 100 mph winds.  The liner and ballast should be protected 
against: 

 

1) Liner pull out from underneath the ballast; 
 

2) Tearing of the liner or the welded seams; 
 

3) Excessive billowing of the liner; and 
 

4) Damage to either the ballast weights or the ropes tying them together. 
 

Should the ballast system not adequately protect the liner against wind 
damage as defined above from the time the liner is placed until the liner is 
completely removed by the Owner, the Contractor will replace, repair, 
and/or supplement the liner and ballast system at no additional cost to the 
Owner.  As a minimum, the ballast system should consist of 50 pound 
sand bags tied 3’ on center down or parallel to the slope and tied 10’ on 
center across or perpendicular to the slope.  One line of ballast bags 
should also be placed down each seam.  The sandbags and ropes used 
for the ballast system shall be “CIA Day Bag” manufactured by Dayton 
Bag & Burlap of Dayton, Ohio, or approved equal.  The bags shall have a 
minimum 3-year warranty against degradation due to ultraviolet light 
exposure. 
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02630.6 Stormwater control liner shall have a minimum five (5) year warranty 
against degradation of material due to ultraviolet light exposure. 

 

END OF SECTION 
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                                  LEACHATE COLLECTION SYSTEM FORCE MAIN & 
SECTION 02750   NON-PERFORATED GRAVITY PIPING INSTALLATION  
 
 
02750.1 DESCRIPTION OF WORK 
 
  The work covered under this section shall consist of furnishing all labor, 

equipment and services for the installation of the HDPE dual contained 
force main & non-perforated gravity piping for the leachate collection 
system as shown on the drawings and specified in Section 02400. 

 
02750.2 HANDLING AND STORING MATERIALS 
 
  The Contractor shall unload material so as to avoid deformation or other 

injury thereto.  Material shall not be rolled or dragged over gravel or rock 
during handling.  The Contractor shall store the appurtenances on sills 
above storm drainage level and deliver for installation after the trench is 
excavated.  When any material is damaged during transporting, unloading, 
handling or storing, the undamaged portions may be used or, if damaged 
sufficiently, the Engineer will reject the material as being unfit for 
installation. 

 
  If any defective material is discovered after installation, it shall be removed 

and replaced with sound material or shall be repaired by the Contractor in 
an approved manner and at his own expense. 

 
02750.3 PIPE ALIGNMENT AND GRADE 
 
  The layout of underground force main pipe and gravity sewer lines shall be 

as shown on the contract drawings. 
 
  The Contractor shall do all field layout work for lines and grades from that 

information shown on the drawings or as furnished by the Engineer. 
 
02750.4 PREPARATION OF PIPE FOUNDATION 
 
  The pipe foundation shall be prepared to be uniformly firm and the pipe 

bedding shall be in accordance with the typical trench cross-sections as 
shown on the drawings.  Under no circumstances shall pipe be laid in water, 
on rock, or when trench conditions or weather is unsuitable for such work. 

 
  The Contractor shall remove all water which may be encountered or which 

may accumulate in the trenches by pumping or bailing and no pipes shall 
be laid until the water has been removed from the trench. 
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02750.5 PIPE LAYING 
 
  In all cases, pipe is to be installed in strict accordance with the 

manufacturer's recommendations and the contract material specifications.  
The Engineer may augment any manufacturer's installation 
recommendations if, in his opinion, it will best serve the interest of the 
Owner. 

 
  Proper tools, implements, and facilities satisfactory to the Engineer shall be 

provided and used for the safe and convenient prosecution of pipe laying.  
All pipe and other materials used in the laying of pipe will be lowered into 
the trench piece by piece by means of suitable equipment in such a manner 
to prevent damage to the pipe, materials, to the protective coating on the 
pipe materials, and to provide a safe working condition to all personnel in 
the trench.  Each piece of pipe being lowered into the trench shall be clean, 
sound and free from defects.  It shall be laid on the prepared foundation, as 
specified elsewhere to produce a straight line on a uniform grade, each pipe 
being laid so as to form a smooth and straight inside flow line.  Pipe shall be 
removed at any time if broken, injured or displaced in the process of laying 
same, or of backfilling the trench. 

 
  During times when pipe laying is not in progress, the open ends of pipe 

shall be closed and no trench water or other material shall be permitted to 
enter the pipe. 

 
02750.6 BACKFILLING 
 
  All backfill shall be compacted so as not to damage the pipe and 

appurtenances and shall be compacted to 95 percent of the Standard 
Proctor Test for the various types of backfill materials. 

 
  Methods of backfilling shall be in strict accordance with the pipe 

manufacturer's recommendations.  All backfill materials shall have been 
approved by the Engineer.  Select backfill material shall be used when 
requested by the Engineer.  Select material shall be defined as a finely 
graded material free from stones over 1/2 inch in diameter, plastic clays, 
organic material, frozen lumps and various debris and shall be approved by 
the Engineer prior to its installation. 

 
  Care shall be taken during backfill and compaction operations to maintain 

alignment and prevent damage to the joints.  The backfill shall be kept free 
from stones, frozen lumps, chunks of highly plastic clay, or other objectional 
material.  All pipe backfill areas shall be graded and maintained in such a 
condition that erosion or saturation will not damage the pipe bed or backfill. 

 
  Heavy equipment shall not be operated over any pipe until it has been 

properly backfilled and has a minimum cover as required by the plans.  
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Where any part of the required cover is above the proposed finish grade, 
the Contractor shall place, maintain, and finally remove such material at no 
cost to the Owner.  Pipe which becomes mis-aligned, shows excessive 
settlement, or has been otherwise damaged by the Contractor's operations 
shall be removed and replaced by the Contractor at no cost to the Owner.  
The Contractor shall maintain all pipes installed in a condition that they will 
function continuously from the time the pipe is installed until the project is 
accepted. 

 
 
 
 

END OF SECTION 
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                                  LEACHATE COLLECTION SYSTEM FORCE MAIN & 
       NON-PERFORATED GRAVITY PIPING 
SECTION 02760  INSPECTION & TESTING  
 
 
02760.1 DESCRIPTION OF WORK 
 
  The work covered under this section shall consist of furnishing all labor, 

equipment, and services for the proper inspection and testing of the 
leachate collection system force main lines and non-perforated gravity 
piping installed in accordance with Section 02750. 

 
02760.2 LINE CLEANING 
 
  Prior to testing of any section(s) of the leachate collection system force 

main and non-perforated gravity piping, the Contractor shall completely 
clean the lines of all debris, silt, etc.  The pipe shall be proved to be ready 
for use by the Owner and shall be proved to be in first class condition and 
constructed in accordance with the drawings and specifications. 

 
  The Contractor shall maintain the project, insofar as his construction work is 

concerned, in first class condition for such time as is necessary to satisfy 
the Engineer that all installations are correct and acceptable. 

 
02760.3 INSPECTION 
 
  When the leachate collection system force main and non-perforated gravity 

piping is completed, the Engineer shall inspect the line for conformance with 
the provisions of the drawings and specifications, particularly with respect to 
alignment and depth. 

 
02760.4 TESTING 
 
  All newly constructed force mains and non-perforated gravity pipe sections 

shall be subjected to a hydrostatic pressure-leakage test. 
 
  Each completed section of the pipeline shall be plugged at both ends and 

slowly filled with water.  As the main is being filled with water in preparation 
of the test, all air shall be expelled from the pipe.  The main shall be 
subjected to hydrostatic pressure of 100 pounds per square inch for a 
period of two hours unless otherwise specified.  Pressure shall be applied to 
the main by means of a hand pump for small lines or by use of a gasoline 
pump or fire engine for larger lines.  Both the Containment pipe and the 
Carrier pipe shall be tested. 
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  The rate of leakage shall be determined at 15 minute intervals by means of 
volumetric measure of the water added during the test until the rate has 
stabilized at the constant value for three consecutive 15 minute periods. 

 
  Leakage is defined as the quantity of water to be supplied into the newly laid 

pipe, or any valved section thereof, necessary to maintain the specified 
leakage test pressure after the pipe has been filled with water and the air 
expelled.  No piping installation will be accepted until the leakage tests have 
been performed with no leakage observed. 

 
  Cracked or defective pipe, joints, fittings, or valves discovered in 

consequence of this test shall be removed and replaced with sound 
materials, and the test shall be repeated until the test results are satisfactory. 
 Precautions shall be taken to remove or otherwise protect equipment in, or 
attached to, pipe to prevent damage or injury thereto. 

 
  Tests of insulated and concealed piping shall be made before the piping is 

covered or concealed.   
 
  The Contractor shall notify the Engineer when the work is ready for testing 

with all testing done in the presence of the Engineer.  All labor, equipment, 
water and materials, including meters and gauges, shall be furnished by the 
Contractor at his own expense. 

 
 
 
 

END OF SECTION 



SECTION 11310 LEACHATE PUMPING SYSTEM 
 
 
11310.1 Scope of Work 
 

The leachate pumping system as outlined in this section shall consist of 
riser pipe, pump, motor, control panel, level sensor, power cable, 
electrical wiring, control wiring, and related associated discharge pipe and 
fittings, complete and per the operating conditions as shown on drawings 
and specifications.   

 
11310.2 Quality Assurance 
 

All equipment listed in this section shall be provided by a single supplier 
who has complete responsibility for the system.  The supplier must have a 
minimum of five years experience in providing complete systems for side 
slope leachate removal applications. 
 
The supplier of the leachate removal system will provide all warranty 
services which shall be one year from date of installation or eighteen 
months from date of shipment. 

 
11310.3 Submittals 
 

The submittal package shall include a complete list of components 
provided, pump curves, motor data, layout drawing, control electrical 
schematic, controller bill of materials, and warranty statement. 
 
A fabrication drawing of the side slope riser and sump assembly shall be 
provided to the pump manufacturer with the approved submittal package. 

 
11310.4 Equipment - Pumps 
 

The contractor shall furnish and install two complete leachate pumping 
systems (Pumps 1 and 2) as manufactured by EPG, or approved equal. 
 
The pumps shall be modified as required for suitable service in landfill 
leachate applications and shall be capable of operating in the horizontal or 
slope position, capable of pumping contaminated water to within inches of 
the sump bottom. 

 
Pumps 1 and 2 shall be a EPG Series 8 SurePump Wheeled Sump 
Drainer, Model 8-4, or approved equal, rated 47 GPM at 63’ total dynamic 
head.  Motor horsepower shall be a minimum of 1.0 horsepower.  
Operating voltage shall be three phase, 60 hertz, 460 volts. 
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Pump design shall include the following feature: 
 

1. Integral check valve of 304 series stainless steel. 
 
2. All series 304 stainless steel construction shall include impellers, 

bowls, guide vanes, and inlet screen 
 
3. Each impeller shall have a E-Glide seal ring to reduce hydraulic 

losses, and shall consist of 304 stainless steel. 
 
4. All shaft bearing shall be 304 stainless steel. 
 
5. A stainless steel flow inducer shall be provided at the pump inlet. 

 
11310.5 Equipment - Motor Design 
 

The motor shall be a Franklin motor, suitable for submersible operation. 
 
All materials in contact with leachate shall be 304 series stainless steel. 
 
The motor shall not use any oils or greases for lubrication. 
 
 
A jacketed power cable suitable for leachate service and properly sized 
shall be provided, with a suitable length such that splices are not needed. 

 
11310.6 Equipment - Carriage 
 

The pumps shall be mounted in a (patented) 304 series stainless steel 
carriage for use in an 24” HDPE riser pipe set at an approximate 1:1 
slope. 
 
The carriage shall provide a low center of gravity and all wheels shall 
remain in contact with the contour of the riser pipe.  The wheels shall be 
of non-corrosive materials with self-lubricating qualities and the unit must 
be able to travel over welding beads as typically found in riser pipe 
fabrications.  A stainless steel inlet suction screen shall be provided in 
prevent debris from entering carriage and pump inlet. 
 
The pump and motor must be easily removed from the carriage in the field 
should the pump or motor require service. 
 
A 0.25” X 100’ safety/retrieval cable assembly with properly sized cable 
clips, snap hook of 304 series stainless steel shall be provided.  An 
additional .25” cable will be attached to the 3” x 3” tee to ensure that the 
piping assembly can be retrieved from the side slope riser. 

 PROJECT # 13.00726 11310 - Page 2 

 



 
11310.7 Equipment - Discharge Hose Assembly 
 

Discharge hose shall be 2.0” hose, rated 300 PSI and -20 to +180 
degrees Fahrenheit.  Each section shall be provided with threaded 
stainless steel couplings.  The pipe shall be properly selected for the 
pump performance and shall be able to handle surge conditions of the 
system.   
 
All hose fittings shall be 304 series stainless steel.  Hose fitting shall be 
long shank type and suitable for the application.  All hose bands shall be 
hi-torque 304 series stainless steel. 
 
A riser side exit disconnect will be provided, which will allow quick 
connection/disconnection of the pump discharge hose and allow the pump 
to be removed without interference of the stationary fittings.  The exit 
arrangement shall thread through the riser pipe as to provide a gas tight 
connection.  The exit connection will penetrate the riser wall approximately 
6” from the top of the riser pipe. 
 
All side exit components shall be 304 series stainless steel. 
 
A stainless steel liquid filled pressure gauge sized to the range of the 
pump shall be provided with fitting outside the riser pipe.  The gauge is to 
be shipped separately and installed in the fitting provided by the pump 
manufacturer at the time of installation and start up. 
 
A 2” PVC ball type check valve with threaded unions shall be provided 
and mounted within the side slope riser pipe. 
 
A 3” polypropylene full port ball valve shall be provided to provide isolation 
of the system.  The system shall terminate inside the riser pipe. 

 
11310.8 Controls - Control Panel 
 

The control panel shall provide level control, pump operation, and motor 
protection. 
 
Control panel shall consist of NEMA 4 X 14 gauge 304 stainless steel 
enclosure with a rain guard and lockable outer cover.  The door shall open 
a minimum of 180 degrees.  A window on the outer door shall allow a view 
of all indicators without entering the enclosure.  The inner door shall be an 
aluminum dead front mounted on a continuous aircraft type hinge.  The 
dead front door shall contain cutouts for the mounted equipment and 
operator accessible equipment and provide protection of personnel from 
live internal wiring. 
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Operator accessible components mounted on the dead front door shall 
include the following: 

 
1. H-O-A switch 
2. STAND-BY indicating light (amber). 
3. RUN indicating light (green). 
4. OVERLOAD indicating light (red). 
5. DIGITAL READ OUT level indicator. 
6. ELAPSED RUN TIME meter (mechanical non-reset type). 
7. MAIN disconnect breaker. 
8. PUMP MOTOR breaker. 
9. CONTROL CIRCUIT breaker. 
10. OVERLOAD RE-SET button. 
11. FAULT indicating light (red). 
12. LOW LEVEL indicating light (red). 

 
The back plate shall consist of 12 gauge sheet steel and finished with a 
primer coat and two coats of baked on enamel.  All hardware mounted to 
the subpanel shall be accomplished with machine thread tapped holes.  
Sheet metal screws are not acceptable.  All devices shall be permanently 
identified with phenolic engraved nameplates. 
 
The panel power distribution shall include all necessary components and 
shall be completely wired with standard copper conductors.  Control wiring 
shall be properly sized and installed in Panduit type wiring trays. 
 
An individual circuit breakers shall be provided for main power, pump, and 
control circuits.  All circuit breakers shall be heavy duty thermal magnetic 
or motor circuit protectors similar and equal to Square D type FAL.  Circuit 
breakers shall be indicting type, providing ON-OFF-TRIP positions.  When 
the breaker is tripped automatically, the handle shall assume a middle 
position indicating TRIP. 
 
Thermal magnetic breakers shall be quick-make and quick-break on 
manual and automatic operation and have inverse time characteristics 
secured through the use of bi-metallic tripping elements supplemented by 
a magnetic trip. 
 
Breakers shall be designed so that an overload on one pole automatically 
trips and opens all legs.  Field installed handle ties shall not be 
acceptable. 
 
Motor starter shall be open frame, across the line, NEMA rated with 
individual overload protection in each leg.  Motor starter contact and coil 
shall be replaceable from the front of the starter without removing it from 
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its position.  Overload heaters shall be block type, utilizing melting alloy 
spindles and shall provide visual trip indication and an alarm contact for 
alarming signals.  The overload shall be sized fro the full load amperage 
draw of the pump.  Adjustable type overloads, definite purpose 
contractors, fractional size starters, and horsepower rated contactors or 
relays shall not be acceptable. 
 
A fused type control transformer shall be used to provide the 120 VAC for 
control circuits. 
 
Surge protection for incoming main power and control circuit, and a plug 
in type indicating phase monitor shall be provided. 
 
A thermostat controlled heater shall be provided to control the inside 
temperature below the dew point and alleviate the buildup of condensate 
in the control enclosure. 
 
A corrosion inhibitor shall be provided within the enclosure. 
 
A top-mounted red visual high level alarm beacon, which shall be 
weatherproof, shatterproof, shall be provided with a 40 watt light. 
 
A low level relay shall be provided, which shall provide positive pump lock 
out and indication should the liquid level drop below the transducer (in 
case of a false reading due to gas pressure).  This device shall provide 
protection from dry run conditions. 
 

 Panel mounted intrinsically safe barriers shall be provided for all sump 
probes.  The control panel shall have the capability to accept an external 
interlock for the purpose of stopping the leachate pumps.  

 
11310.9 Controls - Level Control 
 

A panel mounted controller digital readout display shall provide level 
indication of the side slope sump with 4 1/2 digits.  The pump “ON-OFF-
HIGH LEVEL” selection shall be through set point located on the indicator.   
 
Pumps 1 and 2 controls shall be set to the following:  Pump Off - 6” above 
bottom of sump; Pump On - 12” above bottom of sump; both Pumps On – 
18” above bottom of sump; High Water Alarm - 36” above bottom of 
sump; High Water Off - 30” above bottom of sump. Pumps shall alternate 
on successful starts.   
 
The controller unit will accept a 4 to 20 ma signal from the transducer and 
provide a level indication readout of 0 to 138.6 inches of liquid. 
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A submersible transducer shall be provided with a length of cable 
sufficient to reach the control panel without splices.  Cable splices within 
the riser pipe are not acceptable.  The transducer shall be all 316 
stainless steel and shall be mounted to the pump carriage.  The unit shall 
provide a 4-20 ma signal output to the control unit.  Static accuracy rating 
shall be no less than 1.0 percent. 
 
A filter/dryer shall be provided to be mounted in control panel or properly 
sized junction box to prevent moisture in the vent tube. 
 
A low level sensor shall be provided with a length of cable sufficient to 
reach the control panel without splices.  Cable splices within the riser pipe 
are not acceptable.  The probe shall be non-corrosive construction and 
have no moving parts. 

 
11310.10 Miscellaneous Items - Cable Fittings 
 

Non-metallic gas tight cable exit fittings properly sized for the power and 
control cables shall be provided. 
 
A stainless steel eye bolt shall be provided and installed in the riser.  A 
stainless steel snap hook will be provided as part of the safety cable 
assembly. 

 
11310.11 Execution - Start-Up 
 

The manufacturer of the system shall provide field supervision assistance 
to insure proper system installation and start-up of the system.  The 
scheduling of this service shall be coordinated with the Contractor to 
insure the riser is in place and the control panel is connected to power 
prior to arrival of the factory field technician.  Installation and start-up 
typically requires one day to complete. 

 
11310.12 Execution - Operational Test 
 
  The system shall be tested for proper operation at the time of start-up. 
 
11310.13 Execution - Work by Contractor 
 

Mounting control panel mounting posts and control panel to posts. 
 
Assembly and installation of the leachate system.  This includes 
installation of discharge and cable exit fittings. 
 
Provide power to the leachate pump control panel from the electrical 
panel located at the leachate storage lagoon. 
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All electrical wiring, control wiring, conduit work and junction boxes 
between the leachate pump and control panel. 
 
Electrical heat tracing and insulation of piping as required. 
 
Connection of discharge piping from system termination point   This 
should be completed at the time of system installation so the system may 
be tested. 
 
Assistance in the operational testing including providing or removing water 
in the sump as required to allow for tests during the visit of factory 
technicians. 

 
11310.14 Execution - Side Slope Riser Pipe 
 

The riser pipes shall be provided by the Contractor and shall be 24” 
HDPE.  The riser pipe shall have a constant inside diameter with welding 
beads not to exceed .25”.  All riser pipe fittings shall be the same inside 
diameter as the riser pipe or within 1/2” without sharp steps. 
 
An “AS BUILT” of the riser pipe and sump assembly shall be provided to 
the Engineer and made available to the pump system manufacturer prior 
to start-up. 

 
 
 

END OF SECTION 
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Section 9: Erosion Control Plan 

 

 

To be submitted to the Land Quality Section under separate cover 



Section 10: Design Hydrologic Report 

 

 

Prepared by BLE and submitted under separate cover 



 

 

 

 

 

 

 

 

 

Design Hydrogeologic Report 

 
 

See BLE submittal under separate cover. 



Section 11: Water Quality Monitoring Plan 

 

 

Prepared by BLE and submitted under separate cover 



 

 

 

 

 

 

 

 

 

Water Quality Monitoring Plan 

 
 

See BLE submittal under separate cover. 
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Prepared by BLE and submitted under separate cover 



 

 

 

 

 

 

 

 

 

Landfill Gas Monitoring Plan 

 
 

See BLE submittal under separate cover. 
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Hydrological Evaluation of Landfill Performance (HELP) Model 
Analysis for the Macon County Phase 3 Cell 1  

Municipal Solid Waste Landfill 
 

 
1. INTRODUCTION 
 

Macon County hired McGill Associates, P.A. to design Phase 3 Cell 1 of their 
municipal solid waste landfill.  As part of the design process, the leachate collection 
pipes, pumps, and storage structures must be sized for the landfill cell.  The Hydrological 
Evaluation of Landfill Performance (HELP) model version 3.07, which was developed by 
the environmental laboratory of the United States Army Corps of Engineers, was used to 
estimate the daily peak, monthly average, and annual average leachate collected in the 
drainage layer of the landfill cell.  The HELP model utilizes the layer arrangement of the 
landfill, the weather conditions at the landfill site, and the hydraulic conductivity 
properties of each landfill layer to estimate leachate rates that are collected in the leachate 
drainage layer at the bottom of the landfill cell.  The HELP model also estimates the 
amount of head on the bottom liner system using the above data. 
 
2.  MODEL INPUTS 
 
 The HELP model requires several inputs from the user to determine leachate 
generation.  To calculate leachate flows, the layers of materials that make up the 
construction of a landfill were evaluated.  The layers were grouped to form three typical 
landfill cross-sections to simulate the major stages of landfill development to evaluate 
leachate production.  Mean historical monthly precipitation values for Franklin, NC were 
entered into the HELP model to estimate rainfall at the site.   
 
2.1 LAYERS 
 
 Landfill layers were examined as the basis for calculating leachate flows for 
Phases 3 Cell 1 at the Macon County MSW Landfill.  The layers consist of the clay 
barrier soils and geomembranes that make up the base and cap liner systems, the stone 
leachate drainage layer, the municipal solid waste layers, and the daily, intermediate, and 
final vegetative soil cover layers.  The properties of the various layers and the 
classification in the HELP model are presented in Table 1.  The soil and geosynthetics 
properties were selected from default values provided by the HELP model.   
  
 The landfill layers evaluated include the following, from top to bottom of the 
completed landfill: 
 

1. 24-inch vegetative layer 
2. Double sided 8 oz geocomposite 
3. 40-mil HDPE geomembrane 
4. 18-inch barrier soil (clay with max. hydraulic conductivity = 1 x 10-5) 
5. 12-inch local soil as intermediate cover 



6. 6-inch local soil as daily cover over 10-foot waste lifts 
7. 10-foot lifts of municipal solid waste (94 feet at maximum fill) 
8. 24-inch gravel leachate drainage layer 
9. 60-mil HDPE geomembrane 
10. 24-inch barrier soil (clay with max. hydraulic conductivity = 1 x 10-7) 

 
 
Table 1:  Layer Properties and HELP Model Classifications 
 

Material HELP Model 
Classification 

HELP 
Model 
Texture 
Number 

Porosity 
(Vol/Vol) 

Effective Saturated 
Hydraulic 

Conductivity 
(cm/sec) 

Vegetation Layer Type 1 – Vertical 
Percolation 6 0.4530 7.2x10-04 

Geocomposite Type 2 – Lateral 
Drainage Layer 20 0.85 10.0 

Geomembrane Type 4 – Flexible 
Membrane Liner 35 0.000 2x10-13 

Clay Type 3 – Barrier Soil 
Liner 16 0.4510-Cap 

0.4270-Base 
1x10-05-Cap  
1x10-07-Base  

Intermediate Cover Type 1 – Vertical 
Percolation 6 0.4530 7.2x10-04 

Municipal Waste Type 1 – Vertical 
Percolation 18 0.6710 1x10-03 

Daily Cover Type 1 – Vertical 
Percolation 6 0.4530 7.2x10-04 

Gravel Leachate 
Collection Layer 

Type 2 – Lateral 
Drainage Layer 21 0.3970 0.300 

 
 The version of the HELP model that was utilized did not include a layer to select 
a geosynthetic clay liner.  Therefore, only the 24” clay liner system was included in the 
evaluated cross sections. 
 
2.2 CROSS-SECTIONS 
 
 Three cross-sections of landfill construction were examined and utilized to 
produce the HELP model results based on past models.  The cross-sections consist of the 
landfill layers listed in Section 2.1 above and were designed to represent a wide range of 
landfill construction, from the initial ten-foot lifts of waste with six inches of daily cover 
across the entire cell, to the final fill condition of the landfill consisting of approximately 
94 feet of waste, and final cover soils and geomembrane.   

 
The runoff Curve Number was computed by the HELP model based on the soil 

texture of the upper most layer in each landfill cross-section evaluated.  Bare ground was 
assumed for the cases with either daily cover or intermediate cover.  It was assumed that 



100 percent of the area allowed runoff, although in the initial stages of landfill 
development prior to the time that the working face elevations reach the elevations of the 
periphery berms, runoff will be collected and treated as leachate (Cross-Sections 1).   

 
 In order to model the leachate production rates, the HELP model is used to 
determine the rates based on 30 years of simulation.  Because the active life of a landfill 
consists of a variety of waste thickness and cover types, leachate production rates were 
determined by evaluating three cross-sections of the landfill that represent typical landfill 
construction throughout the lifetime of the landfill.  The variations in the cross-sections 
are related to the waste thickness and the type of cover, which include daily cover (6-
inches of local soil), intermediate cover (12-inches of local soil), or final cap construction 
(24-inches of vegetative support layer, geomembrane, and 18-inches of clay barrier soil).  
All of the cross-sections used in this analysis include beneath the waste layers, a 24-inch 
layer of washed stone on top of a 60-mil HDPE liner on top of a 24-inch layer of clay 
barrier soil (hydraulic conductivity of 1 x 10-7 cm/sec).  The three cross-sections used in 
this evaluation are as follows:  
  

 Cross-Section 1: A 10-foot layer of compacted waste covered with a 6-inch layer 
of daily cover soil, at a slope of 5%; however, all runoff is collected and treated as 
leachate.  To evaluate the worst case scenario of leachate production, the drainage 
length was evaluated at 800 feet (longest length across entire cell area to sump). 

 Cross-Section 2: Four 10-foot layers of compacted waste covered with four 6-
inch layers of daily cover soil and one 12 inch layer of intermediate cover, at a 3:1 
slope; however, all runoff is collected and treated as leachate.  The drainage 
length was evaluated at 400 feet (length from the high point in the middle of the 
cell to the sump). 

 Cross-Section 13: 94 feet of compacted waste covered ,a 12-inch layer of 
intermediate cover soil, an 18-inch layer of clay barrier soil (hydraulic 
conductivity of 1 x 10-5 cm/sec), a 40-mil HDPE liner, a double-sided 
geocomposite, and an 18-inch vegetative soil layer, at a 5% slope.  This is the 
final cap.  The drainage length was evaluated at 400 feet (length from the high 
point in the middle of the cell to the sump).  Daily cover layers were neglected in 
this cross section due to the limited amount of input layers available within the 
HELP model. 

 
 
2.3 GEOMEMBRANE INPUT 
 
 In order to design the leachate collection system for the a realistic scenario, the 
geomembrane in the bottom and top liner systems were assumed to have 
approximately 1 pinhole per acre, 1 installment defect per acre and have a good 
placement quality.  These assumptions lead to a realistic leakage through the liner 
system as well as a realistic head on the bottom liner and drainage into the leachate 
collection pipes.   
 
 

 



 
3.  MODEL OUTPUT 
 
 The HELP model calculates a conservative value for the daily peak, the monthly 
average, and the annual average of leachate collected in the stone drainage layer (the 
leachate collection layer) of the landfill cell.   These values than can then be used to 
design the necessary leachate piping, pump, and storage sizes.   
 
 
3.1 DAILY LEACHATE PRODUCTION RESULTS 
 
 Tables 2, 3, and 4 pertain to daily leachate production calculations.  Table 2 
shows the peak daily production for each cross-section while Table 3 shows the total 
leachate volume collected.  Table 4 lists the average and maximum daily head on the 
bottom liner during the modeling period.  At no time during the 30 year model did the 
head on the bottom liner exceed 12 inches.   
 
 
Table 2:  Peak Daily Leachate Production Rates by Cross-Section 
 

Cross-Section Peak Leachate Production Rate/Acre 
Daily (Inches) Daily (Cu. Ft.) 

1 2.476* 8,986.8* 
2 0.223 809.5 
3 0.000 0.002 

*Includes runoff totals as well as drainage layer totals, all of which will be treated as 
leachate. 
 
 
Table 3:  Peak Daily Leachate Production Volume Totals for 7.6 Acres of Landfill 
 

Cross-Section Peak Leachate Production Volume (Cubic Feet) 
1 68,300 
2 6,152 
3 0.0152 

 
 
Table 4:  Head on Bottom Geomembrane By Cross-Section 
 

 
 

Cross-Section Head on Bottom Geomembrane 
Daily Average (Inches) Daily  Maximum (Inches) 

1 5.253 9.563 
2 1.803 3.355 
3 .001 .002 



 
 
 
3.2 MONTHLY AND ANNUAL LEACHATE PRODUCTION RESULTS 
 
 Tables 5 and 6 refer to monthly and annual average leachate production results.  
Table 5 illustrates the monthly and annual average leachate production rates calculated 
for each cross-section of landfill construction.  Table 6 shows the monthly leachate 
volume totals calculated by summing the total leachate produced by each cross-section. 
 
Table 5:  Monthly and Annual Average Leachate Production Rates By Cross-Sections  
 

Cross-Section Monthly Average Production Rate/Acre Annual Average 
 (Inches) (Cu. Ft.) (Inches) 

1 1.937* 7,030.1* 23.24* 
2 1.635 5,935.1 19.62 
3 0.00 0.00 0.00 

*Includes runoff totals as well as drainage layer totals, all of which will be treated as 
leachate. 
 
Table 6:  Average Monthly Leachate Production Totals for 7.6 Acres of Landfill Area 
 

Cross-Section Monthly Leachate Production Volume (Cubic Feet) 
1 53,430 
2 45,105 
3 0 

 
4.  CONCLUSIONS 
 
 The period when the greatest peak daily, average monthly, and average yearly 
leachate production will be observed is during the time period when waste lifts are thin 
and waste elevations are such that stormwater runoff does not reach periphery ditching.  
This will occur in Cross Section 1.  This cross section assumes that 10 feet of waste will 
be placed over the entire landfill area, which is very conservative estimate based on the 
actual fill progression that will take place.  However, we chose to model as such to 
demonstrate that 12” of head on the liner shall not take place, as well as determine a 
worst case scenario to evaluate our sump volume.  Detailed calculations pertaining to 
leachate are included in the Engineering Plan.  The HELP Model output in the next 
section only includes Year 1 daily output values of the 30 years of precipitation simulated 
for the analysis, along with the overall analysis summary.  The additional daily outputs 
for the years not included may be provided upon request.   
 



INITIAL.txt
� 
 ******************************************************************************
 ******************************************************************************
 **                                                                          **
 **                                                                          **
 **              HYDROLOGIC EVALUATION OF LANDFILL PERFORMANCE               **
 **                HELP MODEL VERSION 3.07  (1 NOVEMBER 1997)                **
 **                  DEVELOPED BY ENVIRONMENTAL LABORATORY                   **
 **                    USAE WATERWAYS EXPERIMENT STATION                     **
 **             FOR USEPA RISK REDUCTION ENGINEERING LABORATORY              **
 **                                                                          **
 **                                                                          **
 ******************************************************************************
 ******************************************************************************

 PRECIPITATION DATA FILE:    C:\DATA4.D4                                       
 TEMPERATURE DATA FILE:      C:\DATA7.D7                                       
 SOLAR RADIATION DATA FILE:  C:\DATA13.D13                                     
 EVAPOTRANSPIRATION DATA:    C:\DATA11.D11                                     
 SOIL AND DESIGN DATA FILE:  C:\DATA10.D10                                     
 OUTPUT DATA FILE:           C:\INITIAL.OUT                                    

 TIME:  17: 4     DATE:   5/12/2015

 
 ******************************************************************************

      TITLE:  MACON COUNTY MSW LANDFILL PHASE 3 CELL 1                    

 ******************************************************************************

      NOTE:  INITIAL MOISTURE CONTENT OF THE LAYERS AND SNOW WATER WERE
               COMPUTED AS NEARLY STEADY-STATE VALUES BY THE PROGRAM.

 
                                    LAYER  1
                                    --------

                      TYPE 1 - VERTICAL PERCOLATION LAYER
                          MATERIAL TEXTURE NUMBER   6
            THICKNESS                   =      6.00   INCHES
            POROSITY                    =      0.4530 VOL/VOL
            FIELD CAPACITY              =      0.1900 VOL/VOL
            WILTING POINT               =      0.0850 VOL/VOL
            INITIAL SOIL WATER CONTENT  =      0.3344 VOL/VOL
            EFFECTIVE SAT. HYD. COND.   =  0.720000011000E-03 CM/SEC

 
                                    LAYER  2
                                    --------

                      TYPE 1 - VERTICAL PERCOLATION LAYER
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                          MATERIAL TEXTURE NUMBER  18
            THICKNESS                   =    120.00   INCHES
            POROSITY                    =      0.6710 VOL/VOL
            FIELD CAPACITY              =      0.2920 VOL/VOL
            WILTING POINT               =      0.0770 VOL/VOL
            INITIAL SOIL WATER CONTENT  =      0.2964 VOL/VOL
            EFFECTIVE SAT. HYD. COND.   =  0.100000005000E-02 CM/SEC

 
                                    LAYER  3
                                    --------

                        TYPE 2 - LATERAL DRAINAGE LAYER
                          MATERIAL TEXTURE NUMBER  21
            THICKNESS                   =     24.00   INCHES
            POROSITY                    =      0.3970 VOL/VOL
            FIELD CAPACITY              =      0.0320 VOL/VOL
            WILTING POINT               =      0.0130 VOL/VOL
            INITIAL SOIL WATER CONTENT  =      0.0888 VOL/VOL
            EFFECTIVE SAT. HYD. COND.   =  0.300000012000     CM/SEC
            SLOPE                       =      3.00   PERCENT
            DRAINAGE LENGTH             =    800.0    FEET

 
                                    LAYER  4
                                    --------

                        TYPE 4 - FLEXIBLE MEMBRANE LINER
                          MATERIAL TEXTURE NUMBER  35
            THICKNESS                   =      0.06   INCHES
            POROSITY                    =      0.0000 VOL/VOL
            FIELD CAPACITY              =      0.0000 VOL/VOL
            WILTING POINT               =      0.0000 VOL/VOL
            INITIAL SOIL WATER CONTENT  =      0.0000 VOL/VOL
            EFFECTIVE SAT. HYD. COND.   =  0.199999996000E-12 CM/SEC
            FML PINHOLE DENSITY         =      1.00   HOLES/ACRE
            FML INSTALLATION DEFECTS    =      1.00   HOLES/ACRE
            FML PLACEMENT QUALITY       =  3 - GOOD     

 
                                    LAYER  5
                                    --------

                          TYPE 3 - BARRIER SOIL LINER
                          MATERIAL TEXTURE NUMBER  16
            THICKNESS                   =     24.00   INCHES
            POROSITY                    =      0.4270 VOL/VOL
            FIELD CAPACITY              =      0.4180 VOL/VOL
            WILTING POINT               =      0.3670 VOL/VOL
            INITIAL SOIL WATER CONTENT  =      0.4270 VOL/VOL
            EFFECTIVE SAT. HYD. COND.   =  0.100000001000E-06 CM/SEC

 

                    GENERAL DESIGN AND EVAPORATIVE ZONE DATA
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                    ----------------------------------------

          NOTE:  SCS RUNOFF CURVE NUMBER WAS COMPUTED FROM DEFAULT
                   SOIL DATA BASE USING SOIL TEXTURE # 6 WITH BARE
                   GROUND CONDITIONS, A SURFACE SLOPE OF  5.% AND
                   A SLOPE LENGTH OF  800. FEET.

         SCS RUNOFF CURVE NUMBER             =     85.30
         FRACTION OF AREA ALLOWING RUNOFF    =    100.0    PERCENT
         AREA PROJECTED ON HORIZONTAL PLANE  =      1.000  ACRES
         EVAPORATIVE ZONE DEPTH              =      9.0    INCHES
         INITIAL WATER IN EVAPORATIVE ZONE   =      3.243  INCHES
         UPPER LIMIT OF EVAPORATIVE STORAGE  =      4.731  INCHES
         LOWER LIMIT OF EVAPORATIVE STORAGE  =      0.741  INCHES
         INITIAL SNOW WATER                  =      0.000  INCHES
         INITIAL WATER IN LAYER MATERIALS    =     49.958  INCHES
         TOTAL INITIAL WATER                 =     49.958  INCHES
         TOTAL SUBSURFACE INFLOW             =      0.00   INCHES/YEAR

                     EVAPOTRANSPIRATION AND WEATHER DATA 
                     -----------------------------------

          NOTE:  EVAPOTRANSPIRATION DATA WAS OBTAINED FROM
                   ASHEVILLE             NORTH CAROLINA    

              STATION LATITUDE                       =  35.26 DEGREES
              MAXIMUM LEAF AREA INDEX                =   0.00
              START OF GROWING SEASON (JULIAN DATE)  =     96
              END OF GROWING SEASON (JULIAN DATE)    =    298
              EVAPORATIVE ZONE DEPTH                 =   9.0  INCHES
              AVERAGE ANNUAL WIND SPEED              =   7.60 MPH
              AVERAGE 1ST QUARTER RELATIVE HUMIDITY  =  71.00 %
              AVERAGE 2ND QUARTER RELATIVE HUMIDITY  =  75.00 %
              AVERAGE 3RD QUARTER RELATIVE HUMIDITY  =  84.00 %
              AVERAGE 4TH QUARTER RELATIVE HUMIDITY  =  77.00 %

          NOTE:  PRECIPITATION DATA WAS SYNTHETICALLY GENERATED USING
                   COEFFICIENTS FOR    ASHEVILLE           NORTH CAROLINA      

                   NORMAL MEAN MONTHLY PRECIPITATION (INCHES)

      JAN/JUL     FEB/AUG     MAR/SEP     APR/OCT     MAY/NOV     JUN/DEC
      -------     -------     -------     -------     -------     -------
        5.12        4.72        4.92        3.90        4.72        4.65
        4.57        4.65        4.61        3.35        4.57        4.61

          NOTE:  TEMPERATURE DATA WAS SYNTHETICALLY GENERATED USING
                   COEFFICIENTS FOR    ASHEVILLE           NORTH CAROLINA      

              NORMAL MEAN MONTHLY TEMPERATURE (DEGREES FAHRENHEIT)

      JAN/JUL     FEB/AUG     MAR/SEP     APR/OCT     MAY/NOV     JUN/DEC
      -------     -------     -------     -------     -------     -------
       35.50       39.00       46.00       53.50       61.50       69.00
       72.50       72.00       66.00       55.50       46.50       38.00
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          NOTE:  SOLAR RADIATION DATA WAS SYNTHETICALLY GENERATED USING
                   COEFFICIENTS FOR    ASHEVILLE           NORTH CAROLINA      
                     AND STATION LATITUDE  =  35.26 DEGREES

    HEAD  #1:  AVERAGE HEAD ON TOP OF LAYER  4
    DRAIN #1:  LATERAL DRAINAGE FROM LAYER  3 (RECIRCULATION AND COLLECTION)
    LEAK  #1:  PERCOLATION OR LEAKAGE THROUGH LAYER  5
 
 **********************************************************************

                      DAILY OUTPUT FOR YEAR    1
  --------------------------------------------------------------------
          S
  DAY  A  O  RAIN  RUNOFF   ET   E. ZONE   HEAD      DRAIN     LEAK   
       I  I                       WATER     #1        #1        #1    
       R  L   IN.    IN.    IN.  IN./IN.    IN.       IN.       IN.   
  ---  -  -  ----- ------ ------ ------- --------- --------- ---------

    1         0.00  0.000  0.048  0.2612    1.9915 .1269     .1954E-05 
    2         0.00  0.000  0.044  0.2469    2.0195 .1287     .1979E-05 
    3  *      0.00  0.000  0.046  0.2344    1.9042 .1213     .1875E-05 
    4  *      0.00  0.000  0.034  0.2251    1.7086 .1089     .1697E-05 
    5         0.00  0.000  0.043  0.2161    1.5078 .9608E-01 .1514E-05 
    6         0.00  0.000  0.055  0.2063    1.3055 .8319E-01 .1326E-05 
    7         0.00  0.000  0.048  0.1983    1.0955 .6981E-01 .1130E-05 
    8         0.00  0.000  0.048  0.1904    0.9191 .5857E-01 .9623E-06 
    9         0.00  0.000  0.053  0.1821    0.8380 .5340E-01 .8844E-06 
   10  *      0.00  0.000  0.040  0.1755    0.7662 .4882E-01 .8149E-06 
   11         0.00  0.000  0.047  0.1685    0.6585 .4196E-01 .7096E-06 
   12  *      0.00  0.000  0.040  0.1625    0.5837 .3719E-01 .6358E-06 
   13  *      0.00  0.000  0.036  0.1572    0.5837 .3720E-01 .6358E-06 
   14  *      0.21  0.000  0.028  0.1583    0.6540 .4168E-01 .7053E-06 
   15  *      0.03  0.000  0.023  0.1594    0.7596 .4840E-01 .8085E-06 
   16  *      0.00  0.000  0.032  0.1606    0.8768 .5587E-01 .9218E-06 
   17  *      0.00  0.000  0.036  0.1618    0.9898 .6307E-01 .1030E-05 
   18         0.00  0.000  0.044  0.1608    1.0900 .6946E-01 .1125E-05 
   19         0.00  0.000  0.067  0.1522    1.1743 .7483E-01 .1204E-05 
   20         0.02  0.000  0.065  0.1471    1.2488 .7958E-01 .1274E-05 
   21         0.00  0.000  0.092  0.1369    1.2810 .8162E-01 .1304E-05 
   22         0.00  0.000  0.069  0.1292    1.3942 .8884E-01 .1409E-05 
   23         0.63  0.000  0.070  0.1914    1.5349 .9781E-01 .1539E-05 
   24         0.64  0.000  0.071  0.2547    1.5926 .1015     .1591E-05 
   25         0.26  0.000  0.063  0.2766    1.4859 .9468E-01 .1494E-05 
   26         0.71  0.007  0.056  0.2955    1.3380 .8526E-01 .1357E-05 
   27         0.00  0.000  0.076  0.2659    1.1875 .7567E-01 .1216E-05 
   28         0.00  0.000  0.076  0.2442    1.0461 .6666E-01 .1083E-05 
   29         0.00  0.000  0.069  0.2284    0.9180 .5849E-01 .9612E-06 
   30         0.00  0.000  0.072  0.2150    0.8038 .5122E-01 .8514E-06 
   31         0.14  0.000  0.055  0.2200    0.7028 .4478E-01 .7531E-06 
   32         0.00  0.000  0.058  0.2101    0.6042 .3850E-01 .6560E-06 
   33         0.01  0.000  0.046  0.2031    0.5062 .3225E-01 .5582E-06 
   34         0.03  0.000  0.052  0.1980    0.4234 .2698E-01 .4744E-06 
   35  *      0.00  0.000  0.049  0.1910    0.3838 .2446E-01 .4338E-06 
   36  *      0.27  0.000  0.028  0.1911    0.3554 .2265E-01 .4044E-06 
   37         0.00  0.000  0.034  0.2103    0.2973 .1894E-01 .3437E-06 
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   38         0.00  0.000  0.092  0.1982    0.2544 .1621E-01 .2982E-06 
   39         0.00  0.000  0.083  0.1880    0.2827 .1802E-01 .3283E-06 
   40         0.00  0.000  0.071  0.1802    0.3848 .2452E-01 .4347E-06 
   41         0.11  0.000  0.073  0.1841    0.5043 .3213E-01 .5562E-06 
   42         0.46  0.000  0.083  0.2260    0.6423 .4093E-01 .6937E-06 
   43         0.22  0.000  0.076  0.2417    0.7801 .4971E-01 .8284E-06 
   44         0.33  0.000  0.076  0.2699    0.9121 .5812E-01 .9556E-06 
   45         0.48  0.000  0.077  0.2848    1.0340 .6589E-01 .1072E-05 
   46         0.00  0.000  0.095  0.2521    1.2498 .7964E-01 .1275E-05 
   47         0.02  0.000  0.062  0.2371    1.4046 .8950E-01 .1418E-05 
   48         0.00  0.000  0.085  0.2218    1.4000 .8921E-01 .1414E-05 
   49         0.22  0.000  0.067  0.2354    1.2897 .8218E-01 .1312E-05 
   50         0.13  0.000  0.064  0.2393    1.1515 .7337E-01 .1183E-05 
   51         1.35  0.140  0.063  0.3350    0.9988 .6364E-01 .1038E-05 
   52         0.05  0.000  0.076  0.2635    0.8900 .5671E-01 .9344E-06 
   53         0.62  0.000  0.051  0.2928    0.7584 .4833E-01 .8074E-06 
   54         0.00  0.000  0.065  0.2620    0.6997 .4459E-01 .7501E-06 
   55         0.70  0.001  0.055  0.2996    0.7115 .4534E-01 .7617E-06 
   56         0.00  0.000  0.061  0.2670    0.6613 .4214E-01 .7124E-06 
   57         0.03  0.000  0.053  0.2509    0.6516 .4152E-01 .7030E-06 
   58         0.00  0.000  0.091  0.2323    0.6526 .4159E-01 .7039E-06 
   59         0.00  0.000  0.084  0.2176    0.6161 .3926E-01 .6678E-06 
   60         0.61  0.000  0.064  0.2748    0.5291 .3371E-01 .5812E-06 
   61  *      0.05  0.000  0.046  0.2644    0.4590 .2925E-01 .5106E-06 
   62  *      0.00  0.000  0.065  0.2503    0.4495 .2864E-01 .5010E-06 
   63         0.66  0.000  0.056  0.3070    0.4226 .2693E-01 .4735E-06 
   64         0.00  0.000  0.105  0.2606    0.4333 .2761E-01 .4845E-06 
   65         0.15  0.000  0.051  0.2607    0.4114 .2621E-01 .4620E-06 
   66         0.00  0.000  0.067  0.2458    0.5565 .3546E-01 .6084E-06 
   67         0.00  0.000  0.121  0.2259    0.7381 .4703E-01 .7875E-06 
   68         0.00  0.000  0.085  0.2121    0.8357 .5325E-01 .8822E-06 
   69         0.27  0.000  0.071  0.2313    0.8720 .5556E-01 .9172E-06 
   70         0.00  0.000  0.076  0.2212    0.8663 .5520E-01 .9117E-06 
   71         0.00  0.000  0.066  0.2121    0.8860 .5646E-01 .9306E-06 
   72  *      0.04  0.000  0.041  0.2102    0.8556 .5452E-01 .9014E-06 
   73         0.00  0.000  0.095  0.1989    0.8300 .5289E-01 .8768E-06 
   74         0.01  0.000  0.076  0.1894    0.9417 .6001E-01 .9839E-06 
   75         0.00  0.000  0.109  0.1757    1.1572 .7374E-01 .1188E-05 
   76         0.00  0.000  0.066  0.1674    1.3715 .8739E-01 .1388E-05 
   77         0.00  0.000  0.079  0.1586    1.5498 .9875E-01 .1552E-05 
   78         0.00  0.000  0.131  0.1441    1.6908 .1077     .1681E-05 
   79         0.39  0.000  0.089  0.1776    1.8141 .1156     .1793E-05 
   80         0.76  0.000  0.074  0.2538    1.9175 .1222     .1887E-05 
   81         0.04  0.000  0.100  0.2472    1.9970 .1272     .1959E-05 
   82         0.00  0.000  0.136  0.2320    2.0531 .1308     .2009E-05 
   83         0.00  0.000  0.128  0.2149    2.0848 .1328     .2037E-05 
   84         0.00  0.000  0.131  0.1968    2.1339 .1360     .2081E-05 
   85         0.60  0.000  0.111  0.2479    2.1521 .1371     .2098E-05 
   86         0.10  0.000  0.089  0.2483    2.1221 .1352     .2071E-05 
   87         0.31  0.000  0.097  0.2720    2.0480 .1305     .2004E-05 
   88         0.00  0.000  0.153  0.2509    1.9556 .1246     .1921E-05 
   89         0.00  0.000  0.154  0.2236    1.8980 .1209     .1869E-05 
   90         0.13  0.000  0.106  0.2200    1.8780 .1197     .1851E-05 
   91         0.00  0.000  0.111  0.2030    1.9157 .1221     .1885E-05 
   92         0.01  0.000  0.087  0.1905    1.9092 .1217     .1879E-05 
   93         0.00  0.000  0.131  0.1727    1.8617 .1186     .1836E-05 
   94         0.00  0.000  0.121  0.1582    1.7916 .1142     .1773E-05 
   95         0.01  0.000  0.095  0.1488    1.6451 .1048     .1639E-05 
   96         0.00  0.000  0.071  0.1410    1.4672 .9349E-01 .1476E-05 
   97         0.00  0.000  0.085  0.1316    1.3332 .8495E-01 .1352E-05 
   98         0.00  0.000  0.073  0.1235    1.2443 .7929E-01 .1270E-05 
   99         0.00  0.000  0.077  0.1150    1.3362 .8515E-01 .1355E-05 
  100         0.35  0.000  0.098  0.1429    1.4699 .9366E-01 .1479E-05 
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  101         0.11  0.000  0.098  0.1442    1.4623 .9318E-01 .1472E-05 
  102         0.83  0.002  0.074  0.2272    1.3375 .8523E-01 .1356E-05 
  103         0.99  0.065  0.107  0.3181    1.2004 .7649E-01 .1228E-05 
  104         0.00  0.000  0.119  0.2520    1.0681 .6806E-01 .1104E-05 
  105         0.00  0.000  0.111  0.2297    0.9410 .5996E-01 .9832E-06 
  106         0.00  0.000  0.145  0.2091    0.8319 .5301E-01 .8786E-06 
  107         0.00  0.000  0.187  0.1856    0.7332 .4672E-01 .7829E-06 
  108         0.00  0.000  0.146  0.1663    0.6390 .4072E-01 .6905E-06 
  109         0.00  0.000  0.190  0.1452    0.5435 .3463E-01 .5956E-06 
  110         0.31  0.000  0.167  0.1611    0.4788 .3051E-01 .5306E-06 
  111         0.00  0.000  0.214  0.1373    0.4081 .2600E-01 .4587E-06 
  112         0.00  0.000  0.155  0.1201    0.3414 .2175E-01 .3898E-06 
  113         0.00  0.000  0.128  0.1042    0.2856 .1820E-01 .3313E-06 
  114         0.00  0.000  0.163  0.0861    0.2628 .1675E-01 .3072E-06 
  115         0.00  0.000  0.034  0.0823    0.3566 .2273E-01 .4056E-06 
  116         0.04  0.000  0.006  0.0861    0.4687 .2986E-01 .5203E-06 
  117         0.00  0.000  0.004  0.0856    0.7123 .4539E-01 .7622E-06 
  118         0.00  0.000  0.013  0.0842    0.9546 .6083E-01 .9961E-06 
  119         0.00  0.000  0.006  0.0835    1.0557 .6727E-01 .1092E-05 
  120         0.00  0.000  0.007  0.0827    1.0136 .6459E-01 .1052E-05 
  121         0.00  0.000  0.003  0.0824    0.9333 .5947E-01 .9759E-06 
  122         0.00  0.000  0.000  0.0823    0.8436 .5376E-01 .8899E-06 
  123         0.07  0.000  0.004  0.0897    0.7552 .4812E-01 .8043E-06 
  124         0.87  0.000  0.021  0.1841    0.6723 .4284E-01 .7233E-06 
  125         0.13  0.000  0.077  0.1900    0.5967 .3802E-01 .6486E-06 
  126         0.00  0.000  0.188  0.1691    0.5288 .3369E-01 .5809E-06 
  127         0.00  0.000  0.200  0.1469    0.4683 .2984E-01 .5200E-06 
  128         0.00  0.000  0.169  0.1281    0.4149 .2644E-01 .4656E-06 
  129         0.00  0.000  0.077  0.1196    0.3678 .2344E-01 .4172E-06 
  130         0.00  0.000  0.058  0.1131    0.3265 .2081E-01 .3744E-06 
  131         0.00  0.000  0.049  0.1077    0.2904 .1850E-01 .3364E-06 
  132         0.00  0.000  0.043  0.1029    0.2588 .1649E-01 .3029E-06 
  133         0.06  0.000  0.040  0.1051    0.2311 .1473E-01 .2733E-06 
  134         0.00  0.000  0.037  0.1010    0.2070 .1319E-01 .2471E-06 
  135         0.36  0.000  0.036  0.1370    0.1859 .1184E-01 .2241E-06 
  136         0.20  0.000  0.034  0.1555    0.1674 .1067E-01 .2038E-06 
  137         0.00  0.000  0.031  0.1521    0.1513 .9639E-02 .1858E-06 
  138         0.00  0.000  0.029  0.1488    0.1371 .8738E-02 .1699E-06 
  139         0.67  0.000  0.029  0.2200    0.1247 .7947E-02 .1559E-06 
  140         0.22  0.000  0.119  0.2312    0.1133 .7221E-02 .1429E-06 
  141         0.05  0.000  0.131  0.2222    0.1034 .6590E-02 .1315E-06 
  142         0.71  0.002  0.189  0.2799    0.0952 .6067E-02 .1219E-06 
  143         0.00  0.000  0.233  0.2449    0.0879 .5603E-02 .1134E-06 
  144         0.00  0.000  0.163  0.2192    0.0765 .4873E-02 .9991E-07 
  145         0.00  0.000  0.188  0.1931    0.0640 .4076E-02 .8495E-07 
  146         0.00  0.000  0.144  0.1723    0.0535 .3410E-02 .7296E-07 
  147         0.00  0.000  0.165  0.1530    0.0483 .3075E-02 .6708E-07 
  148         0.28  0.000  0.116  0.1712    0.0528 .3363E-02 .7215E-07 
  149         1.27  0.054  0.140  0.2907    0.0448 .2855E-02 .6318E-07 
  150         0.00  0.000  0.267  0.2386    0.0543 .3461E-02 .7423E-07 
  151         0.00  0.000  0.200  0.2097    0.1276 .8133E-02 .1592E-06 
  152         0.00  0.000  0.229  0.1782    0.1530 .9750E-02 .1877E-06 
  153         0.00  0.000  0.235  0.1503    0.1846 .1176E-01 .2226E-06 
  154         0.00  0.000  0.217  0.1261    0.2261 .1441E-01 .2679E-06 
  155         0.00  0.000  0.180  0.1061    0.2351 .1498E-01 .2776E-06 
  156         0.80  0.000  0.080  0.1861    0.2043 .1302E-01 .2443E-06 
  157         0.00  0.000  0.203  0.1635    0.1709 .1089E-01 .2076E-06 
  158         0.00  0.000  0.162  0.1455    0.2168 .1381E-01 .2573E-06 
  159         0.35  0.000  0.173  0.1652    0.4600 .2931E-01 .5113E-06 
  160         0.78  0.002  0.140  0.2361    0.5716 .3642E-01 .6237E-06 
  161         0.21  0.000  0.100  0.2484    0.5852 .3729E-01 .6372E-06 
  162         0.57  0.000  0.103  0.2818    0.5639 .3593E-01 .6160E-06 
  163         0.31  0.000  0.165  0.2813    0.5261 .3353E-01 .5783E-06 
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  164         0.14  0.000  0.204  0.2629    0.4550 .2899E-01 .5065E-06 
  165         0.02  0.000  0.153  0.2405    0.3989 .2542E-01 .4493E-06 
  166         0.24  0.000  0.182  0.2427    0.3945 .2514E-01 .4447E-06 
  167         0.00  0.000  0.196  0.2150    0.3718 .2369E-01 .4214E-06 
  168         0.02  0.000  0.176  0.1941    0.3387 .2158E-01 .3871E-06 
  169         0.11  0.000  0.152  0.1882    0.3036 .1935E-01 .3504E-06 
  170         0.00  0.000  0.194  0.1662    0.2912 .1855E-01 .3372E-06 
  171         0.20  0.000  0.117  0.1754    0.2751 .1753E-01 .3202E-06 
  172         0.00  0.000  0.250  0.1476    0.2327 .1483E-01 .2750E-06 
  173         0.16  0.000  0.255  0.1370    0.1986 .1265E-01 .2380E-06 
  174         0.26  0.000  0.175  0.1465    0.2234 .1423E-01 .2649E-06 
  175         0.23  0.000  0.255  0.1437    0.3065 .1953E-01 .3531E-06 
  176         0.10  0.000  0.209  0.1316    0.5608 .3573E-01 .6125E-06 
  177         0.24  0.000  0.216  0.1343    0.8224 .5240E-01 .8692E-06 
  178         0.05  0.000  0.200  0.1176    0.9218 .5874E-01 .9650E-06 
  179         0.58  0.000  0.134  0.1672    0.8931 .5691E-01 .9375E-06 
  180         0.00  0.000  0.174  0.1479    0.8286 .5280E-01 .8754E-06 
  181         0.18  0.000  0.204  0.1452    0.7539 .4804E-01 .8030E-06 
  182         0.00  0.000  0.220  0.1208    0.6788 .4325E-01 .7296E-06 
  183         0.01  0.000  0.143  0.1060    0.6074 .3871E-01 .6593E-06 
  184         0.18  0.000  0.078  0.1174    0.5417 .3452E-01 .5939E-06 
  185         0.00  0.000  0.059  0.1108    0.4822 .3073E-01 .5341E-06 
  186         0.06  0.000  0.053  0.1116    0.4289 .2733E-01 .4800E-06 
  187         0.00  0.000  0.045  0.1066    0.3816 .2432E-01 .4315E-06 
  188         0.04  0.000  0.043  0.1063    0.3397 .2165E-01 .3881E-06 
  189         1.59  0.107  0.038  0.2668    0.3028 .1929E-01 .3495E-06 
  190         0.00  0.000  0.204  0.2441    0.2703 .1722E-01 .3152E-06 
  191         0.00  0.000  0.226  0.2144    0.2359 .1503E-01 .2784E-06 
  192         0.08  0.000  0.204  0.1955    0.1973 .1257E-01 .2366E-06 
  193         0.06  0.000  0.216  0.1733    0.1651 .1052E-01 .2012E-06 
  194         0.05  0.000  0.197  0.1569    0.1516 .9661E-02 .1862E-06 
  195         0.03  0.000  0.207  0.1372    0.1840 .1172E-01 .2220E-06 
  196         0.00  0.000  0.237  0.1108    0.2025 .1291E-01 .2423E-06 
  197         0.23  0.000  0.191  0.1152    0.2094 .1334E-01 .2498E-06 
  198         0.29  0.000  0.081  0.1384    0.2090 .1332E-01 .2494E-06 
  199         0.76  0.000  0.087  0.2125    0.2008 .1279E-01 .2404E-06 
  200         0.21  0.000  0.134  0.2209    0.1928 .1228E-01 .2317E-06 
  201         0.00  0.000  0.222  0.1962    0.1865 .1189E-01 .2248E-06 
  202         0.31  0.000  0.104  0.2191    0.1786 .1138E-01 .2161E-06 
  203         0.00  0.000  0.236  0.1928    0.1697 .1081E-01 .2063E-06 
  204         0.22  0.000  0.148  0.2008    0.1604 .1022E-01 .1960E-06 
  205         0.07  0.000  0.149  0.1919    0.1503 .9579E-02 .1847E-06 
  206         0.00  0.000  0.236  0.1656    0.1395 .8888E-02 .1726E-06 
  207         0.00  0.000  0.208  0.1425    0.1315 .8379E-02 .1636E-06 
  208         0.06  0.000  0.091  0.1390    0.1238 .7887E-02 .1548E-06 
  209         0.34  0.000  0.110  0.1646    0.1164 .7416E-02 .1464E-06 
  210         0.00  0.000  0.198  0.1427    0.1094 .6971E-02 .1384E-06 
  211         0.00  0.000  0.166  0.1242    0.1028 .6552E-02 .1308E-06 
  212         0.00  0.000  0.183  0.1039    0.0967 .6161E-02 .1237E-06 
  213         0.00  0.000  0.077  0.0954    0.0910 .5797E-02 .1170E-06 
  214         0.00  0.000  0.060  0.0888    0.0857 .5459E-02 .1108E-06 
  215         0.00  0.000  0.051  0.0832    0.0807 .5145E-02 .1050E-06 
  216         0.00  0.000  0.008  0.0823    0.0762 .4856E-02 .9960E-07 
  217         0.00  0.000  0.000  0.0823    0.0720 .4588E-02 .9460E-07 
  218         0.00  0.000  0.000  0.0823    0.0681 .4342E-02 .8996E-07 
  219         1.24  0.025  0.026  0.2145    0.0646 .4114E-02 .8566E-07 
  220         0.00  0.000  0.163  0.1963    0.0613 .3903E-02 .8167E-07 
  221         0.00  0.000  0.154  0.1792    0.0582 .3709E-02 .7817E-07 
  222         0.00  0.000  0.156  0.1619    0.0554 .3530E-02 .7505E-07 
  223         0.00  0.000  0.151  0.1451    0.0528 .3364E-02 .7216E-07 
  224         0.00  0.000  0.166  0.1267    0.0504 .3210E-02 .6946E-07 
  225         1.25  0.028  0.081  0.2535    0.0481 .3068E-02 .6696E-07 
  226         0.01  0.000  0.079  0.2458    0.0461 .2936E-02 .6462E-07 
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  227         0.00  0.000  0.176  0.2253    0.0441 .2813E-02 .6245E-07 
  228         0.10  0.000  0.115  0.2193    0.0389 .2480E-02 .5647E-07 
  229         0.11  0.000  0.161  0.2092    0.0326 .2075E-02 .4910E-07 
  230         0.00  0.000  0.219  0.1810    0.0272 .1735E-02 .4282E-07 
  231         0.00  0.000  0.173  0.1618    0.0334 .2128E-02 .5001E-07 
  232         0.00  0.000  0.130  0.1473    0.0533 .3399E-02 .7275E-07 
  233         0.00  0.000  0.184  0.1268    0.0673 .4286E-02 .8890E-07 
  234         0.00  0.000  0.165  0.1084    0.0767 .4885E-02 .1001E-06 
  235         0.00  0.000  0.078  0.0998    0.0826 .5266E-02 .1072E-06 
  236         0.59  0.000  0.063  0.1583    0.0861 .5486E-02 .1113E-06 
  237         0.23  0.000  0.078  0.1752    0.0876 .5584E-02 .1131E-06 
  238         0.05  0.000  0.155  0.1635    0.0878 .5593E-02 .1132E-06 
  239         0.00  0.000  0.175  0.1440    0.0869 .5536E-02 .1122E-06 
  240         0.51  0.000  0.087  0.1910    0.0852 .5432E-02 .1103E-06 
  241         0.28  0.000  0.133  0.2074    0.0831 .5295E-02 .1078E-06 
  242         0.00  0.000  0.171  0.1884    0.0806 .5137E-02 .1048E-06 
  243         0.12  0.000  0.114  0.1889    0.0774 .4934E-02 .1011E-06 
  244         0.89  0.010  0.095  0.2762    0.0735 .4684E-02 .9639E-07 
  245         0.00  0.000  0.153  0.2508    0.0711 .4529E-02 .9348E-07 
  246         1.42  0.137  0.112  0.3376    0.0651 .4147E-02 .8629E-07 
  247         0.27  0.000  0.134  0.2839    0.0621 .3955E-02 .8266E-07 
  248         0.57  0.000  0.113  0.2842    0.0633 .4035E-02 .8417E-07 
  249         0.00  0.000  0.133  0.2492    0.0600 .3821E-02 .8016E-07 
  250         0.00  0.000  0.128  0.2269    0.0640 .4081E-02 .8504E-07 
  251         0.00  0.000  0.102  0.2117    0.0673 .4290E-02 .8899E-07 
  252         0.00  0.000  0.112  0.1961    0.0679 .4326E-02 .8967E-07 
  253         0.00  0.000  0.125  0.1789    0.0590 .3759E-02 .7912E-07 
  254         0.00  0.000  0.120  0.1625    0.0493 .3145E-02 .6831E-07 
  255         0.19  0.000  0.089  0.1723    0.0413 .2630E-02 .5918E-07 
  256         0.38  0.000  0.088  0.2047    0.0632 .4029E-02 .8429E-07 
  257         0.21  0.000  0.055  0.2219    0.0723 .4606E-02 .9493E-07 
  258         0.07  0.000  0.137  0.2141    0.0605 .3853E-02 .8084E-07 
  259         0.14  0.000  0.082  0.2205    0.0506 .3223E-02 .6969E-07 
  260         0.00  0.000  0.090  0.2105    0.1172 .7466E-02 .1463E-06 
  261         0.00  0.000  0.131  0.1955    0.3398 .2165E-01 .3875E-06 
  262         0.00  0.000  0.135  0.1805    0.6036 .3846E-01 .6552E-06 
  263         0.00  0.000  0.117  0.1675    0.8310 .5295E-01 .8776E-06 
  264         0.00  0.000  0.144  0.1515    1.0230 .6518E-01 .1061E-05 
  265         0.00  0.000  0.141  0.1359    1.1812 .7526E-01 .1210E-05 
  266         0.00  0.000  0.124  0.1221    1.3079 .8334E-01 .1329E-05 
  267         0.00  0.000  0.120  0.1087    1.4068 .8964E-01 .1421E-05 
  268         0.00  0.000  0.146  0.0925    1.4817 .9441E-01 .1490E-05 
  269         0.00  0.000  0.078  0.0838    1.5362 .9789E-01 .1540E-05 
  270         0.00  0.000  0.013  0.0823    1.5687 .9996E-01 .1570E-05 
  271         0.00  0.000  0.000  0.0823    1.7070 .1088     .1696E-05 
  272         0.00  0.000  0.000  0.0823    1.7980 .1146     .1779E-05 
  273         0.00  0.000  0.000  0.0823    1.7827 .1136     .1765E-05 
  274         0.00  0.000  0.000  0.0823    1.6303 .1039     .1626E-05 
  275         0.00  0.000  0.000  0.0823    1.4529 .9258E-01 .1463E-05 
  276         0.00  0.000  0.000  0.0823    1.2803 .8158E-01 .1303E-05 
  277         0.00  0.000  0.000  0.0823    1.1218 .7148E-01 .1155E-05 
  278         0.00  0.000  0.000  0.0823    0.9799 .6244E-01 .1020E-05 
  279         0.00  0.000  0.000  0.0823    0.8546 .5446E-01 .9005E-06 
  280         0.00  0.000  0.000  0.0823    0.7450 .4747E-01 .7943E-06 
  281         0.00  0.000  0.000  0.0823    0.6496 .4139E-01 .7009E-06 
  282         0.00  0.000  0.000  0.0823    0.5668 .3612E-01 .6189E-06 
  283         0.00  0.000  0.000  0.0823    0.4952 .3155E-01 .5472E-06 
  284         0.00  0.000  0.000  0.0823    0.4333 .2761E-01 .4844E-06 
  285         0.00  0.000  0.000  0.0823    0.3799 .2421E-01 .4297E-06 
  286         0.00  0.000  0.000  0.0823    0.3338 .2127E-01 .3819E-06 
  287         0.00  0.000  0.000  0.0823    0.2940 .1873E-01 .3402E-06 
  288         0.00  0.000  0.000  0.0823    0.2597 .1655E-01 .3038E-06 
  289         0.83  0.000  0.017  0.1726    0.2301 .1466E-01 .2721E-06 
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  290         0.27  0.000  0.020  0.2004    0.2045 .1303E-01 .2444E-06 
  291         0.04  0.000  0.065  0.1977    0.1823 .1162E-01 .2202E-06 
  292         1.56  0.212  0.052  0.3417    0.1632 .1040E-01 .1991E-06 
  293         0.14  0.000  0.067  0.2731    0.1466 .9341E-02 .1806E-06 
  294         0.00  0.000  0.102  0.2523    0.1322 .8422E-02 .1643E-06 
  295         0.00  0.000  0.082  0.2373    0.1196 .7624E-02 .1501E-06 
  296         0.00  0.000  0.069  0.2235    0.1087 .6929E-02 .1376E-06 
  297         0.00  0.000  0.069  0.2112    0.0988 .6295E-02 .1261E-06 
  298         0.00  0.000  0.071  0.1991    0.0844 .5376E-02 .1092E-06 
  299         0.01  0.000  0.054  0.1909    0.0706 .4497E-02 .9288E-07 
  300         0.35  0.000  0.057  0.2204    0.0590 .3762E-02 .7918E-07 
  301         0.00  0.000  0.078  0.2091    0.0541 .3450E-02 .7365E-07 
  302         0.35  0.000  0.054  0.2400    0.0504 .3211E-02 .6947E-07 
  303         0.44  0.000  0.055  0.2827    0.0422 .2686E-02 .6017E-07 
  304         0.00  0.000  0.074  0.2583    0.0353 .2247E-02 .5225E-07 
  305         0.00  0.000  0.090  0.2360    0.0295 .1879E-02 .4550E-07 
  306         0.00  0.000  0.077  0.2210    0.0800 .5099E-02 .1038E-06 
  307         0.00  0.000  0.076  0.2084    0.3345 .2132E-01 .3818E-06 
  308         0.00  0.000  0.072  0.1968    0.5786 .3687E-01 .6305E-06 
  309         1.02  0.008  0.062  0.3008    0.7306 .4655E-01 .7802E-06 
  310         1.66  0.390  0.075  0.3383    0.8276 .5274E-01 .8745E-06 
  311         0.22  0.000  0.079  0.2807    0.7914 .5043E-01 .8393E-06 
  312         1.95  0.486  0.073  0.3503    0.7360 .4690E-01 .7855E-06 
  313         0.00  0.000  0.078  0.2584    0.7500 .4779E-01 .7992E-06 
  314         0.00  0.000  0.104  0.2384    0.8629 .5498E-01 .9084E-06 
  315         0.00  0.000  0.092  0.2212    0.8717 .5554E-01 .9169E-06 
  316         0.00  0.000  0.099  0.2051    0.7914 .5043E-01 .8394E-06 
  317         0.00  0.000  0.092  0.1912    0.7193 .4583E-01 .7693E-06 
  318         0.00  0.000  0.081  0.1786    0.6734 .4291E-01 .7244E-06 
  319         0.00  0.000  0.089  0.1657    0.5881 .3747E-01 .6401E-06 
  320         0.01  0.000  0.066  0.1571    0.4923 .3137E-01 .5442E-06 
  321         0.90  0.000  0.051  0.2495    0.4587 .2923E-01 .5103E-06 
  322         0.00  0.000  0.061  0.2428    0.5055 .3221E-01 .5575E-06 
  323         0.00  0.000  0.047  0.2370    0.7222 .4602E-01 .7717E-06 
  324         0.00  0.000  0.066  0.2284    1.0782 .6871E-01 .1113E-05 
  325         0.00  0.000  0.046  0.2196    1.4347 .9142E-01 .1446E-05 
  326         0.10  0.000  0.041  0.2227    1.7387 .1108     .1725E-05 
  327         0.00  0.000  0.049  0.2138    1.9375 .1235     .1905E-05 
  328         0.00  0.000  0.044  0.2062    2.0703 .1319     .2024E-05 
  329         0.00  0.000  0.043  0.1988    2.1492 .1369     .2095E-05 
  330         0.00  0.000  0.053  0.1905    2.2028 .1404     .2143E-05 
  331         0.03  0.000  0.036  0.1880    2.2370 .1425     .2174E-05 
  332         0.68  0.000  0.037  0.2581    2.2540 .1436     .2189E-05 
  333         0.25  0.000  0.046  0.2799    2.2591 .1440     .2193E-05 
  334         0.00  0.000  0.041  0.2631    2.2446 .1430     .2180E-05 
  335         1.82  0.331  0.041  0.3538    2.2931 .1461     .2224E-05 
  336         0.00  0.000  0.043  0.2579    2.2290 .1420     .2167E-05 
  337         0.00  0.000  0.043  0.2449    2.3059 .1469     .2235E-05 
  338         0.00  0.000  0.045  0.2343    2.3675 .1509     .2290E-05 
  339         0.00  0.000  0.045  0.2243    2.3427 .1493     .2268E-05 
  340         0.00  0.000  0.047  0.2150    2.1760 .1387     .2119E-05 
  341         0.00  0.000  0.040  0.2073    1.9699 .1255     .1934E-05 
  342         0.00  0.000  0.051  0.1988    1.7663 .1126     .1750E-05 
  343         0.00  0.000  0.057  0.1899    1.5511 .9884E-01 .1553E-05 
  344         0.00  0.000  0.043  0.1827    1.3774 .8777E-01 .1393E-05 
  345  *      0.00  0.000  0.033  0.1769    1.1885 .7573E-01 .1217E-05 
  346  *      0.00  0.000  0.000  0.1751    1.0740 .6844E-01 .1110E-05 
  347  *      0.00  0.000  0.000  0.1735    1.1379 .7251E-01 .1170E-05 
  348  *      0.00  0.000  0.000  0.1720    1.2997 .8282E-01 .1321E-05 
  349  *      0.00  0.000  0.032  0.1670    1.4740 .9393E-01 .1483E-05 
  350         0.01  0.000  0.038  0.1627    1.6309 .1039     .1627E-05 
  351         0.00  0.000  0.051  0.1561    1.7588 .1121     .1743E-05 
  352         0.08  0.000  0.031  0.1608    1.8601 .1185     .1835E-05 
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  353  *      0.76  0.000  0.020  0.1624    1.9352 .1233     .1903E-05 
  354  *      0.00  0.000  0.014  0.1639    1.9897 .1268     .1952E-05 
  355  *      0.00  0.000  0.015  0.1655    2.0295 .1293     .1988E-05 
  356         0.00  0.000  0.020  0.1700    2.0543 .1309     .2010E-05 
  357         0.00  0.000  0.000  0.2345    2.0649 .1316     .2020E-05 
  358         0.00  0.000  0.062  0.2276    2.0638 .1315     .2019E-05 
  359         0.00  0.000  0.061  0.2208    2.0465 .1304     .2003E-05 
  360         0.00  0.000  0.059  0.2142    2.0259 .1291     .1985E-05 
  361         0.00  0.000  0.056  0.2078    2.0047 .1277     .1965E-05 
  362         0.00  0.000  0.074  0.1995    1.9853 .1265     .1948E-05 
  363         0.00  0.000  0.067  0.1921    1.9577 .1247     .1923E-05 
  364         0.11  0.000  0.050  0.1982    1.9176 .1222     .1887E-05 
  365         1.75  0.175  0.038  0.3597    1.9300 .1230     .1898E-05 
 
 **********************************************************************
 

 *******************************************************************************
 
                   MONTHLY TOTALS (IN INCHES) FOR YEAR    1
 -------------------------------------------------------------------------------
 
                                 JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC
                                 ------- ------- ------- ------- ------- -------
 
 PRECIPITATION                    2.64    5.03    4.12    2.65    4.89    5.55
                                  4.59    4.49    4.14    3.99    6.82    4.53
 
 RUNOFF                           0.007   0.141   0.000   0.067   0.056   0.002
                                  0.107   0.053   0.146   0.212   0.885   0.505
 
 EVAPOTRANSPIRATION               1.645   1.869   2.839   3.022   3.179   5.432
                                  4.714   3.549   3.017   0.987   1.966   1.172
 
 LATERAL DRAINAGE COLLECTED       2.2914  1.3063  2.5431  1.9798  0.5469  0.8072
   FROM LAYER  3                  0.4873  0.1301  1.1263  0.8449  2.1123  3.6836
 
 PERCOLATION/LEAKAGE THROUGH      0.0000  0.0000  0.0000  0.0000  0.0000  0.0000
   LAYER  5                       0.0000  0.0000  0.0000  0.0000  0.0000  0.0001
 

 -------------------------------------------------------------------------------
                    MONTHLY SUMMARIES FOR DAILY HEADS (INCHES)
 -------------------------------------------------------------------------------

 
 AVERAGE DAILY HEAD ON            1.160   0.732   1.287   1.036   0.277   0.422
   TOP OF LAYER  4                0.247   0.066   0.589   0.428   1.105   1.865
 
 STD. DEVIATION OF DAILY          0.414   0.341   0.654   0.520   0.255   0.232
   HEAD ON TOP OF LAYER  4        0.153   0.019   0.677   0.450   0.729   0.359
 
 *******************************************************************************

 
 *******************************************************************************
 
                           ANNUAL TOTALS FOR YEAR    1
 -------------------------------------------------------------------------------
                                          INCHES          CU. FEET     PERCENT
                                         --------        ----------    -------
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   PRECIPITATION                           53.44         193987.156    100.00
 
   RUNOFF                                   2.182          7919.515      4.08
 
   EVAPOTRANSPIRATION                      33.392        121212.969     62.49
 
   DRAINAGE COLLECTED FROM LAYER  3        17.8592        64828.902     33.42
 
   PERC./LEAKAGE THROUGH LAYER  5           0.000289          1.049      0.00
 
   AVG. HEAD ON TOP OF LAYER  4             0.7678
 
   CHANGE IN WATER STORAGE                  0.007            24.731      0.01
 
   SOIL WATER AT START OF YEAR             49.958        181348.766
 
   SOIL WATER AT END OF YEAR               49.965        181373.484
 
   SNOW WATER AT START OF YEAR              0.000             0.000      0.00
 
   SNOW WATER AT END OF YEAR                0.000             0.000      0.00
 
   ANNUAL WATER BUDGET BALANCE              0.0000           -0.010      0.00
 
 *******************************************************************************

 

 *******************************************************************************
 
          AVERAGE MONTHLY VALUES IN INCHES FOR YEARS    1 THROUGH   30
 -------------------------------------------------------------------------------
 
                          JAN/JUL  FEB/AUG  MAR/SEP  APR/OCT  MAY/NOV  JUN/DEC
                          -------  -------  -------  -------  -------  -------
   PRECIPITATION
   -------------
     TOTALS                 4.76     4.70     4.38     4.07     5.15     5.22
                            4.40     4.57     3.63     3.46     4.26     4.45
 
     STD. DEVIATIONS        2.30     2.20     2.15     2.07     1.88     1.98
                            1.91     2.17     2.16     2.16     2.69     2.30
 
   RUNOFF
   ------
     TOTALS                 0.608    1.083    0.234    0.064    0.257    0.228
                            0.118    0.186    0.224    0.187    0.456    0.265
 
     STD. DEVIATIONS        0.728    1.707    0.390    0.074    0.325    0.268
                            0.217    0.297    0.365    0.335    0.726    0.327
 
   EVAPOTRANSPIRATION
   ------------------
     TOTALS                 1.180    1.464    2.831    2.940    3.811    4.000
                            3.653    3.278    2.251    1.920    1.494    0.965
 
     STD. DEVIATIONS        0.331    0.415    0.438    1.008    0.926    1.180
                            1.196    1.017    1.044    0.589    0.351    0.247
 
   LATERAL DRAINAGE COLLECTED FROM LAYER  3
   ----------------------------------------

Page 11



INITIAL.txt
     TOTALS                 2.4469   2.7174   2.7398   2.0132   1.4126   1.0846
                            0.9816   0.6290   0.9628   1.0697   1.3104   1.9671
 
     STD. DEVIATIONS        1.1544   1.4683   1.4440   1.3346   1.1381   0.8235
                            0.8007   0.6534   0.9421   0.8713   1.0170   1.3519
 
   PERCOLATION/LEAKAGE THROUGH LAYER  5
   ------------------------------------
     TOTALS                 0.0000   0.0000   0.0000   0.0000   0.0000   0.0000
                            0.0000   0.0000   0.0000   0.0000   0.0000   0.0000
 
     STD. DEVIATIONS        0.0000   0.0000   0.0000   0.0000   0.0000   0.0000
                            0.0000   0.0000   0.0000   0.0000   0.0000   0.0000
 

 -------------------------------------------------------------------------------
                AVERAGES OF MONTHLY AVERAGED DAILY HEADS (INCHES)
 -------------------------------------------------------------------------------

 
   DAILY AVERAGE HEAD ON TOP OF LAYER  4
   -------------------------------------
     AVERAGES               1.2387   1.5149   1.3870   1.0531   0.7151   0.5673
                            0.4969   0.3184   0.5037   0.5415   0.6855   0.9958
 
     STD. DEVIATIONS        0.5844   0.8251   0.7310   0.6982   0.5761   0.4308
                            0.4054   0.3308   0.4928   0.4411   0.5320   0.6844
 
 *******************************************************************************

 *******************************************************************************
 
      AVERAGE ANNUAL TOTALS & (STD. DEVIATIONS) FOR YEARS    1 THROUGH   30
 -------------------------------------------------------------------------------
                                      INCHES            CU. FEET       PERCENT
                                -------------------   -------------   ---------
  PRECIPITATION                  53.06    (   5.948)     192619.9     100.00
 
  RUNOFF                          3.910   (  2.1704)      14192.29      7.368
 
  EVAPOTRANSPIRATION             29.789   (  3.1363)     108134.25     56.139
 
  LATERAL DRAINAGE COLLECTED     19.33498 (  5.01199)     70185.969   36.43754
    FROM LAYER  3
 
  PERCOLATION/LEAKAGE THROUGH     0.00031 (  0.00008)         1.122     0.00058
    LAYER  5
 
  AVERAGE HEAD ON TOP             0.835 (    0.218)
    OF LAYER  4
 
  CHANGE IN WATER STORAGE         0.029   (  3.3298)        106.28      0.055
 
 *******************************************************************************

� 
 ******************************************************************************
 
                 PEAK DAILY VALUES FOR YEARS    1 THROUGH   30
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    ------------------------------------------------------------------------
                                                 (INCHES)      (CU. FT.)
                                                ----------   -------------
       PRECIPITATION                              5.08         18440.400
 
       RUNOFF                                     2.141         7771.7739
 
       DRAINAGE COLLECTED FROM LAYER  3           0.33470       1214.95789
 
       PERCOLATION/LEAKAGE THROUGH LAYER  5       0.000005         0.01734
 
       AVERAGE HEAD ON TOP OF LAYER  4            5.253
 
       MAXIMUM HEAD ON TOP OF LAYER  4            9.563

       LOCATION OF MAXIMUM HEAD IN LAYER  3
             (DISTANCE FROM DRAIN)               71.1 FEET
 
       SNOW WATER                                 9.08         32963.9844
 

       MAXIMUM VEG. SOIL WATER (VOL/VOL)                  0.4593
 
       MINIMUM VEG. SOIL WATER (VOL/VOL)                  0.0823
 

        ***  Maximum heads are computed using McEnroe's equations.  ***

             Reference:  Maximum Saturated Depth over Landfill Liner
                         by Bruce M. McEnroe, University of Kansas
                         ASCE Journal of Environmental Engineering
                         Vol. 119, No. 2, March 1993, pp. 262-270.

 
 ******************************************************************************

� 
 ******************************************************************************
 
                    FINAL WATER STORAGE AT END OF YEAR   30
     ----------------------------------------------------------------------
                     LAYER        (INCHES)       (VOL/VOL)
                     -----        --------       ---------
                       1            1.2899         0.2150

                       2           37.9068         0.3159

                       3            1.3920         0.0580

                       4            0.0000         0.0000

                       5           10.2480         0.4270

                   SNOW WATER       0.000
 
 ******************************************************************************
 ******************************************************************************
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� 
 ******************************************************************************
 ******************************************************************************
 **                                                                          **
 **                                                                          **
 **              HYDROLOGIC EVALUATION OF LANDFILL PERFORMANCE               **
 **                HELP MODEL VERSION 3.07  (1 NOVEMBER 1997)                **
 **                  DEVELOPED BY ENVIRONMENTAL LABORATORY                   **
 **                    USAE WATERWAYS EXPERIMENT STATION                     **
 **             FOR USEPA RISK REDUCTION ENGINEERING LABORATORY              **
 **                                                                          **
 **                                                                          **
 ******************************************************************************
 ******************************************************************************

 PRECIPITATION DATA FILE:    C:\DATA4.D4                                       
 TEMPERATURE DATA FILE:      C:\DATA7.D7                                       
 SOLAR RADIATION DATA FILE:  C:\DATA13.D13                                     
 EVAPOTRANSPIRATION DATA:    C:\DATA11.D11                                     
 SOIL AND DESIGN DATA FILE:  C:\INTERMED.D10                                   
 OUTPUT DATA FILE:           C:\INTERMED.OUT                                   

 TIME:  86:47     DATE:   5/12/2015

 
 ******************************************************************************

      TITLE:  MACON COUNTY MSW LANDFILL PHASE 3 CELL 1                    

 ******************************************************************************

      NOTE:  INITIAL MOISTURE CONTENT OF THE LAYERS AND SNOW WATER WERE
               COMPUTED AS NEARLY STEADY-STATE VALUES BY THE PROGRAM.

 
                                    LAYER  1
                                    --------

                      TYPE 1 - VERTICAL PERCOLATION LAYER
                          MATERIAL TEXTURE NUMBER   6
            THICKNESS                   =     12.00   INCHES
            POROSITY                    =      0.4530 VOL/VOL
            FIELD CAPACITY              =      0.1900 VOL/VOL
            WILTING POINT               =      0.0850 VOL/VOL
            INITIAL SOIL WATER CONTENT  =      0.3187 VOL/VOL
            EFFECTIVE SAT. HYD. COND.   =  0.720000011000E-03 CM/SEC

 
                                    LAYER  2
                                    --------

                      TYPE 1 - VERTICAL PERCOLATION LAYER
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                          MATERIAL TEXTURE NUMBER  18
            THICKNESS                   =    120.00   INCHES
            POROSITY                    =      0.6710 VOL/VOL
            FIELD CAPACITY              =      0.2920 VOL/VOL
            WILTING POINT               =      0.0770 VOL/VOL
            INITIAL SOIL WATER CONTENT  =      0.2943 VOL/VOL
            EFFECTIVE SAT. HYD. COND.   =  0.100000005000E-02 CM/SEC

 
                                    LAYER  3
                                    --------

                      TYPE 1 - VERTICAL PERCOLATION LAYER
                          MATERIAL TEXTURE NUMBER   6
            THICKNESS                   =      6.00   INCHES
            POROSITY                    =      0.4530 VOL/VOL
            FIELD CAPACITY              =      0.1900 VOL/VOL
            WILTING POINT               =      0.0850 VOL/VOL
            INITIAL SOIL WATER CONTENT  =      0.2778 VOL/VOL
            EFFECTIVE SAT. HYD. COND.   =  0.720000011000E-03 CM/SEC

 
                                    LAYER  4
                                    --------

                      TYPE 1 - VERTICAL PERCOLATION LAYER
                          MATERIAL TEXTURE NUMBER  18
            THICKNESS                   =    120.00   INCHES
            POROSITY                    =      0.6710 VOL/VOL
            FIELD CAPACITY              =      0.2920 VOL/VOL
            WILTING POINT               =      0.0770 VOL/VOL
            INITIAL SOIL WATER CONTENT  =      0.3196 VOL/VOL
            EFFECTIVE SAT. HYD. COND.   =  0.100000005000E-02 CM/SEC

 
                                    LAYER  5
                                    --------

                      TYPE 1 - VERTICAL PERCOLATION LAYER
                          MATERIAL TEXTURE NUMBER   6
            THICKNESS                   =      6.00   INCHES
            POROSITY                    =      0.4530 VOL/VOL
            FIELD CAPACITY              =      0.1900 VOL/VOL
            WILTING POINT               =      0.0850 VOL/VOL
            INITIAL SOIL WATER CONTENT  =      0.2598 VOL/VOL
            EFFECTIVE SAT. HYD. COND.   =  0.720000011000E-03 CM/SEC

 
                                    LAYER  6
                                    --------

                      TYPE 1 - VERTICAL PERCOLATION LAYER
                          MATERIAL TEXTURE NUMBER  18
            THICKNESS                   =    120.00   INCHES
            POROSITY                    =      0.6710 VOL/VOL
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            FIELD CAPACITY              =      0.2920 VOL/VOL
            WILTING POINT               =      0.0770 VOL/VOL
            INITIAL SOIL WATER CONTENT  =      0.3009 VOL/VOL
            EFFECTIVE SAT. HYD. COND.   =  0.100000005000E-02 CM/SEC

 
                                    LAYER  7
                                    --------

                      TYPE 1 - VERTICAL PERCOLATION LAYER
                          MATERIAL TEXTURE NUMBER   6
            THICKNESS                   =      6.00   INCHES
            POROSITY                    =      0.4530 VOL/VOL
            FIELD CAPACITY              =      0.1900 VOL/VOL
            WILTING POINT               =      0.0850 VOL/VOL
            INITIAL SOIL WATER CONTENT  =      0.2482 VOL/VOL
            EFFECTIVE SAT. HYD. COND.   =  0.720000011000E-03 CM/SEC

 
                                    LAYER  8
                                    --------

                      TYPE 1 - VERTICAL PERCOLATION LAYER
                          MATERIAL TEXTURE NUMBER  18
            THICKNESS                   =    120.00   INCHES
            POROSITY                    =      0.6710 VOL/VOL
            FIELD CAPACITY              =      0.2920 VOL/VOL
            WILTING POINT               =      0.0770 VOL/VOL
            INITIAL SOIL WATER CONTENT  =      0.2920 VOL/VOL
            EFFECTIVE SAT. HYD. COND.   =  0.100000005000E-02 CM/SEC

 
                                    LAYER  9
                                    --------

                        TYPE 2 - LATERAL DRAINAGE LAYER
                          MATERIAL TEXTURE NUMBER  21
            THICKNESS                   =     24.00   INCHES
            POROSITY                    =      0.3970 VOL/VOL
            FIELD CAPACITY              =      0.0320 VOL/VOL
            WILTING POINT               =      0.0130 VOL/VOL
            INITIAL SOIL WATER CONTENT  =      0.0493 VOL/VOL
            EFFECTIVE SAT. HYD. COND.   =  0.300000012000     CM/SEC
            SLOPE                       =      3.00   PERCENT
            DRAINAGE LENGTH             =    400.0    FEET

 
                                    LAYER 10
                                    --------

                        TYPE 4 - FLEXIBLE MEMBRANE LINER
                          MATERIAL TEXTURE NUMBER  35
            THICKNESS                   =      0.06   INCHES
            POROSITY                    =      0.0000 VOL/VOL
            FIELD CAPACITY              =      0.0000 VOL/VOL
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            WILTING POINT               =      0.0000 VOL/VOL
            INITIAL SOIL WATER CONTENT  =      0.0000 VOL/VOL
            EFFECTIVE SAT. HYD. COND.   =  0.199999996000E-12 CM/SEC
            FML PINHOLE DENSITY         =      1.00   HOLES/ACRE
            FML INSTALLATION DEFECTS    =      1.00   HOLES/ACRE
            FML PLACEMENT QUALITY       =  3 - GOOD     

 
                                    LAYER 11
                                    --------

                          TYPE 3 - BARRIER SOIL LINER
                          MATERIAL TEXTURE NUMBER  16
            THICKNESS                   =     24.00   INCHES
            POROSITY                    =      0.4270 VOL/VOL
            FIELD CAPACITY              =      0.4180 VOL/VOL
            WILTING POINT               =      0.3670 VOL/VOL
            INITIAL SOIL WATER CONTENT  =      0.4270 VOL/VOL
            EFFECTIVE SAT. HYD. COND.   =  0.100000001000E-06 CM/SEC

 

                    GENERAL DESIGN AND EVAPORATIVE ZONE DATA
                    ----------------------------------------

          NOTE:  SCS RUNOFF CURVE NUMBER WAS COMPUTED FROM DEFAULT
                   SOIL DATA BASE USING SOIL TEXTURE # 6 WITH BARE
                   GROUND CONDITIONS, A SURFACE SLOPE OF 33.% AND
                   A SLOPE LENGTH OF  420. FEET.

         SCS RUNOFF CURVE NUMBER             =     86.50
         FRACTION OF AREA ALLOWING RUNOFF    =    100.0    PERCENT
         AREA PROJECTED ON HORIZONTAL PLANE  =      1.000  ACRES
         EVAPORATIVE ZONE DEPTH              =      9.0    INCHES
         INITIAL WATER IN EVAPORATIVE ZONE   =      2.949  INCHES
         UPPER LIMIT OF EVAPORATIVE STORAGE  =      4.077  INCHES
         LOWER LIMIT OF EVAPORATIVE STORAGE  =      0.765  INCHES
         INITIAL SNOW WATER                  =      0.000  INCHES
         INITIAL WATER IN LAYER MATERIALS    =    164.779  INCHES
         TOTAL INITIAL WATER                 =    164.779  INCHES
         TOTAL SUBSURFACE INFLOW             =      0.00   INCHES/YEAR

                     EVAPOTRANSPIRATION AND WEATHER DATA 
                     -----------------------------------

          NOTE:  EVAPOTRANSPIRATION DATA WAS OBTAINED FROM
                   ASHEVILLE             NORTH CAROLINA    

              STATION LATITUDE                       =  35.26 DEGREES
              MAXIMUM LEAF AREA INDEX                =   0.00
              START OF GROWING SEASON (JULIAN DATE)  =     96
              END OF GROWING SEASON (JULIAN DATE)    =    298
              EVAPORATIVE ZONE DEPTH                 =   9.0  INCHES
              AVERAGE ANNUAL WIND SPEED              =   7.60 MPH
              AVERAGE 1ST QUARTER RELATIVE HUMIDITY  =  71.00 %
              AVERAGE 2ND QUARTER RELATIVE HUMIDITY  =  75.00 %
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              AVERAGE 3RD QUARTER RELATIVE HUMIDITY  =  84.00 %
              AVERAGE 4TH QUARTER RELATIVE HUMIDITY  =  77.00 %

          NOTE:  PRECIPITATION DATA WAS SYNTHETICALLY GENERATED USING
                   COEFFICIENTS FOR    ASHEVILLE           NORTH CAROLINA      

                   NORMAL MEAN MONTHLY PRECIPITATION (INCHES)

      JAN/JUL     FEB/AUG     MAR/SEP     APR/OCT     MAY/NOV     JUN/DEC
      -------     -------     -------     -------     -------     -------
        5.12        4.72        4.92        3.90        4.72        4.65
        4.57        4.65        4.61        3.35        4.57        4.61

          NOTE:  TEMPERATURE DATA WAS SYNTHETICALLY GENERATED USING
                   COEFFICIENTS FOR    ASHEVILLE           NORTH CAROLINA      

              NORMAL MEAN MONTHLY TEMPERATURE (DEGREES FAHRENHEIT)

      JAN/JUL     FEB/AUG     MAR/SEP     APR/OCT     MAY/NOV     JUN/DEC
      -------     -------     -------     -------     -------     -------
       35.50       39.00       46.00       53.50       61.50       69.00
       72.50       72.00       66.00       55.50       46.50       38.00

          NOTE:  SOLAR RADIATION DATA WAS SYNTHETICALLY GENERATED USING
                   COEFFICIENTS FOR    ASHEVILLE           NORTH CAROLINA      
                     AND STATION LATITUDE  =  35.26 DEGREES

    HEAD  #1:  AVERAGE HEAD ON TOP OF LAYER 10
    DRAIN #1:  LATERAL DRAINAGE FROM LAYER  9 (RECIRCULATION AND COLLECTION)
    LEAK  #1:  PERCOLATION OR LEAKAGE THROUGH LAYER 11
 
 **********************************************************************

                      DAILY OUTPUT FOR YEAR    1
  --------------------------------------------------------------------
          S
  DAY  A  O  RAIN  RUNOFF   ET   E. ZONE   HEAD      DRAIN     LEAK   
       I  I                       WATER     #1        #1        #1    
       R  L   IN.    IN.    IN.  IN./IN.    IN.       IN.       IN.   
  ---  -  -  ----- ------ ------ ------- --------- --------- ---------

    1         0.00  0.000  0.048  0.2407    0.0579 .7379E-02 .7798E-07 
    2         0.00  0.000  0.044  0.2311    0.0791 .1008E-01 .1030E-06 
    3  *      0.00  0.000  0.046  0.2216    0.0720 .9182E-02 .9465E-07 
    4  *      0.00  0.000  0.035  0.2135    0.0655 .8347E-02 .8679E-07 
    5         0.00  0.000  0.043  0.2053    0.0997 .1271E-01 .1269E-06 
    6         0.00  0.000  0.055  0.1962    0.1414 .1803E-01 .1748E-06 
    7         0.00  0.000  0.048  0.1888    0.1764 .2247E-01 .2134E-06 
    8         0.00  0.000  0.048  0.1813    0.2418 .3081E-01 .2847E-06 
    9         0.00  0.000  0.053  0.1736    0.2517 .3208E-01 .2954E-06 
   10  *      0.00  0.000  0.040  0.1673    0.2360 .3008E-01 .2785E-06 
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   11         0.00  0.000  0.047  0.1605    0.2811 .3582E-01 .3266E-06 
   12  *      0.00  0.000  0.040  0.1548    0.2799 .3568E-01 .3254E-06 
   13  *      0.00  0.000  0.036  0.1495    0.2459 .3133E-01 .2891E-06 
   14  *      0.21  0.000  0.028  0.1508    0.1793 .2285E-01 .2168E-06 
   15  *      0.03  0.000  0.023  0.1523    0.1648 .2100E-01 .2008E-06 
   16  *      0.00  0.000  0.032  0.1540    0.1310 .1669E-01 .1629E-06 
   17  *      0.00  0.000  0.036  0.1558    0.1038 .1323E-01 .1319E-06 
   18         0.00  0.000  0.044  0.1553    0.2281 .2907E-01 .2696E-06 
   19         0.00  0.000  0.067  0.1479    0.3031 .3863E-01 .3498E-06 
   20         0.02  0.000  0.065  0.1428    0.2995 .3817E-01 .3460E-06 
   21         0.00  0.000  0.092  0.1326    0.3070 .3913E-01 .3539E-06 
   22         0.00  0.000  0.069  0.1249    0.2680 .3415E-01 .3126E-06 
   23         0.63  0.000  0.070  0.1871    0.2176 .2773E-01 .2587E-06 
   24         0.64  0.001  0.071  0.2503    0.2190 .2790E-01 .2601E-06 
   25         0.26  0.000  0.063  0.2550    0.2520 .3212E-01 .2956E-06 
   26         0.71  0.014  0.056  0.2692    0.3408 .4344E-01 .3892E-06 
   27         0.00  0.000  0.076  0.2487    0.4382 .5585E-01 .4891E-06 
   28         0.00  0.000  0.076  0.2294    0.5995 .7640E-01 .6514E-06 
   29         0.00  0.000  0.069  0.2155    0.6413 .8173E-01 .6928E-06 
   30         0.00  0.000  0.072  0.2033    0.6261 .7980E-01 .6778E-06 
   31         0.14  0.000  0.055  0.2092    0.6210 .7914E-01 .6727E-06 
   32         0.00  0.000  0.058  0.2000    0.5838 .7440E-01 .6358E-06 
   33         0.01  0.000  0.046  0.1936    0.5198 .6624E-01 .5719E-06 
   34         0.03  0.000  0.052  0.1893    0.4970 .6334E-01 .5490E-06 
   35  *      0.00  0.000  0.049  0.1820    0.4474 .5702E-01 .4988E-06 
   36  *      0.27  0.000  0.028  0.1826    0.4517 .5757E-01 .5032E-06 
   37         0.00  0.000  0.034  0.2023    0.4473 .5701E-01 .4987E-06 
   38         0.00  0.000  0.093  0.1908    0.3613 .4604E-01 .4104E-06 
   39         0.00  0.000  0.083  0.1804    0.3224 .4109E-01 .3701E-06 
   40         0.00  0.000  0.071  0.1717    0.2975 .3791E-01 .3439E-06 
   41         0.11  0.000  0.073  0.1753    0.2618 .3336E-01 .3061E-06 
   42         0.46  0.000  0.083  0.2172    0.2257 .2876E-01 .2674E-06 
   43         0.22  0.000  0.076  0.2331    0.1930 .2460E-01 .2319E-06 
   44         0.33  0.000  0.076  0.2613    0.1649 .2101E-01 .2009E-06 
   45         0.48  0.000  0.077  0.2582    0.1375 .1752E-01 .1703E-06 
   46         0.00  0.000  0.095  0.2364    0.1038 .1323E-01 .1319E-06 
   47         0.02  0.000  0.062  0.2238    0.0849 .1082E-01 .1099E-06 
   48         0.00  0.000  0.085  0.2105    0.0589 .7511E-02 .7919E-07 
   49         0.22  0.000  0.067  0.2251    0.0445 .5675E-02 .6286E-07 
   50         0.13  0.000  0.064  0.2296    0.0417 .5315E-02 .5965E-07 
   51         1.35  0.181  0.063  0.2978    0.1062 .1354E-01 .1343E-06 
   52         0.05  0.000  0.076  0.2476    0.1750 .2231E-01 .2122E-06 
   53         0.62  0.001  0.051  0.2683    0.1475 .1880E-01 .1816E-06 
   54         0.00  0.000  0.066  0.2481    0.1804 .2299E-01 .2178E-06 
   55         0.70  0.007  0.055  0.2692    0.3137 .3998E-01 .3608E-06 
   56         0.00  0.000  0.061  0.2492    0.3958 .5044E-01 .4460E-06 
   57         0.03  0.000  0.053  0.2360    0.4523 .5764E-01 .5038E-06 
   58         0.00  0.000  0.091  0.2195    0.4702 .5992E-01 .5219E-06 
   59         0.00  0.000  0.084  0.2059    0.4069 .5186E-01 .4575E-06 
   60         0.61  0.000  0.064  0.2632    0.4065 .5180E-01 .4570E-06 
   61  *      0.05  0.000  0.046  0.2484    0.5231 .6667E-01 .5751E-06 
   62  *      0.00  0.000  0.065  0.2358    0.5836 .7438E-01 .6357E-06 
   63         0.66  0.001  0.056  0.2679    0.5220 .6653E-01 .5741E-06 
   64         0.00  0.000  0.105  0.2450    0.4190 .5340E-01 .4698E-06 
   65         0.15  0.000  0.051  0.2462    0.3497 .4457E-01 .3985E-06 
   66         0.00  0.000  0.067  0.2328    0.3003 .3827E-01 .3468E-06 
   67         0.00  0.000  0.121  0.2138    0.2341 .2983E-01 .2764E-06 
   68         0.00  0.000  0.085  0.2004    0.1837 .2341E-01 .2217E-06 
   69         0.27  0.000  0.071  0.2210    0.1549 .1974E-01 .1898E-06 
   70         0.00  0.000  0.076  0.2120    0.1698 .2164E-01 .2064E-06 
   71         0.00  0.000  0.066  0.2034    0.1953 .2489E-01 .2344E-06 
   72  *      0.04  0.000  0.041  0.2017    0.2313 .2948E-01 .2735E-06 
   73         0.00  0.000  0.095  0.1894    0.2779 .3542E-01 .3232E-06 
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   74         0.01  0.000  0.076  0.1805    0.2476 .3156E-01 .2909E-06 
   75         0.00  0.000  0.109  0.1672    0.2362 .3010E-01 .2787E-06 
   76         0.00  0.000  0.066  0.1586    0.2851 .3633E-01 .3308E-06 
   77         0.00  0.000  0.079  0.1488    0.2904 .3700E-01 .3364E-06 
   78         0.00  0.000  0.131  0.1335    0.2972 .3788E-01 .3436E-06 
   79         0.39  0.000  0.089  0.1670    0.4004 .5102E-01 .4505E-06 
   80         0.76  0.002  0.074  0.2430    0.5616 .7157E-01 .6137E-06 
   81         0.04  0.000  0.100  0.2363    0.5699 .7263E-01 .6220E-06 
   82         0.00  0.000  0.136  0.2212    0.5788 .7377E-01 .6309E-06 
   83         0.00  0.000  0.128  0.2035    0.6759 .8614E-01 .7268E-06 
   84         0.00  0.000  0.131  0.1862    0.7837 .9988E-01 .8319E-06 
   85         0.60  0.000  0.111  0.2377    0.8719 .1111     .9171E-06 
   86         0.10  0.000  0.089  0.2364    0.8602 .1096     .9058E-06 
   87         0.31  0.000  0.097  0.2575    0.7937 .1012     .8417E-06 
   88         0.00  0.000  0.154  0.2339    0.7511 .9572E-01 .8003E-06 
   89         0.00  0.000  0.154  0.2101    0.7417 .9452E-01 .7911E-06 
   90         0.13  0.000  0.106  0.2078    0.7653 .9753E-01 .8141E-06 
   91         0.00  0.000  0.111  0.1917    0.8080 .1030     .8555E-06 
   92         0.01  0.000  0.087  0.1802    0.8276 .1055     .8744E-06 
   93         0.00  0.000  0.131  0.1633    0.8111 .1034     .8585E-06 
   94         0.00  0.000  0.121  0.1477    0.7728 .9849E-01 .8214E-06 
   95         0.01  0.000  0.095  0.1363    0.7224 .9207E-01 .7723E-06 
   96         0.00  0.000  0.071  0.1272    0.6729 .8575E-01 .7238E-06 
   97         0.00  0.000  0.085  0.1169    0.6291 .8018E-01 .6808E-06 
   98         0.00  0.000  0.073  0.1082    0.5930 .7557E-01 .6450E-06 
   99         0.00  0.000  0.077  0.0997    0.5596 .7131E-01 .6117E-06 
  100         0.35  0.000  0.098  0.1277    0.5216 .6648E-01 .5738E-06 
  101         0.11  0.000  0.098  0.1274    0.4676 .5959E-01 .5193E-06 
  102         0.83  0.007  0.055  0.2127    0.4287 .5464E-01 .4798E-06 
  103         0.99  0.086  0.098  0.2819    0.3928 .5006E-01 .4430E-06 
  104         0.00  0.000  0.120  0.2374    0.3978 .5070E-01 .4481E-06 
  105         0.00  0.000  0.111  0.2192    0.5102 .6502E-01 .5623E-06 
  106         0.00  0.000  0.145  0.1998    0.5457 .6954E-01 .5978E-06 
  107         0.00  0.000  0.187  0.1760    0.5479 .6983E-01 .6001E-06 
  108         0.00  0.000  0.147  0.1568    0.5488 .6994E-01 .6008E-06 
  109         0.00  0.000  0.190  0.1327    0.7092 .9039E-01 .7594E-06 
  110         0.31  0.000  0.167  0.1458    0.7862 .1002     .8344E-06 
  111         0.00  0.000  0.214  0.1203    0.8299 .1058     .8767E-06 
  112         0.00  0.000  0.155  0.1032    0.8034 .1024     .8510E-06 
  113         0.00  0.000  0.128  0.0890    0.7344 .9359E-01 .7840E-06 
  114         0.00  0.000  0.034  0.0852    0.6872 .8758E-01 .7379E-06 
  115         0.00  0.000  0.001  0.0851    0.7428 .9466E-01 .7921E-06 
  116         0.04  0.000  0.006  0.0888    0.8821 .1124     .9268E-06 
  117         0.00  0.000  0.004  0.0883    0.9905 .1262     .1030E-05 
  118         0.00  0.000  0.013  0.0869    1.0280 .1310     .1066E-05 
  119         0.00  0.000  0.006  0.0862    0.9704 .1237     .1011E-05 
  120         0.00  0.000  0.007  0.0854    0.9284 .1183     .9712E-06 
  121         0.00  0.000  0.003  0.0851    0.9204 .1173     .9636E-06 
  122         0.00  0.000  0.001  0.0850    0.9479 .1208     .9899E-06 
  123         0.07  0.000  0.004  0.0924    1.0243 .1305     .1063E-05 
  124         0.87  0.002  0.020  0.1866    1.0731 .1368     .1109E-05 
  125         0.13  0.000  0.077  0.1925    1.0572 .1347     .1094E-05 
  126         0.00  0.000  0.188  0.1716    1.0360 .1320     .1074E-05 
  127         0.00  0.000  0.200  0.1494    1.0219 .1302     .1060E-05 
  128         0.00  0.000  0.169  0.1306    1.0096 .1287     .1049E-05 
  129         0.00  0.000  0.076  0.1221    1.0221 .1303     .1061E-05 
  130         0.00  0.000  0.057  0.1158    0.9969 .1270     .1037E-05 
  131         0.00  0.000  0.049  0.1103    0.9367 .1194     .9792E-06 
  132         0.00  0.000  0.043  0.1056    0.8884 .1132     .9330E-06 
  133         0.06  0.000  0.040  0.1078    0.9061 .1155     .9499E-06 
  134         0.00  0.000  0.037  0.1038    0.8936 .1139     .9379E-06 
  135         0.36  0.000  0.035  0.1399    0.8491 .1082     .8952E-06 
  136         0.20  0.000  0.033  0.1584    0.8300 .1058     .8768E-06 
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  137         0.00  0.000  0.030  0.1550    0.8333 .1062     .8799E-06 
  138         0.00  0.000  0.029  0.1518    0.8410 .1072     .8873E-06 
  139         0.67  0.000  0.029  0.2231    0.8266 .1053     .8734E-06 
  140         0.22  0.000  0.119  0.2343    0.7804 .9946E-01 .8288E-06 
  141         0.05  0.000  0.131  0.2253    0.6420 .8182E-01 .6934E-06 
  142         0.71  0.007  0.189  0.2656    0.5134 .6543E-01 .5654E-06 
  143         0.00  0.000  0.233  0.2292    0.4678 .5962E-01 .5196E-06 
  144         0.00  0.000  0.163  0.2062    0.4462 .5686E-01 .4976E-06 
  145         0.00  0.000  0.188  0.1810    0.3914 .4988E-01 .4416E-06 
  146         0.00  0.000  0.144  0.1610    0.3092 .3940E-01 .3561E-06 
  147         0.00  0.000  0.186  0.1374    0.2644 .3370E-01 .3089E-06 
  148         0.28  0.000  0.116  0.1531    0.2627 .3348E-01 .3071E-06 
  149         1.27  0.079  0.140  0.2677    0.2510 .3199E-01 .2946E-06 
  150         0.00  0.000  0.267  0.2246    0.2216 .2824E-01 .2630E-06 
  151         0.00  0.000  0.201  0.1966    0.1829 .2330E-01 .2207E-06 
  152         0.00  0.000  0.229  0.1665    0.1716 .2187E-01 .2084E-06 
  153         0.00  0.000  0.257  0.1337    0.2698 .3439E-01 .3144E-06 
  154         0.00  0.000  0.218  0.1061    0.4183 .5331E-01 .4690E-06 
  155         0.00  0.000  0.144  0.0850    0.5495 .7003E-01 .6016E-06 
  156         0.80  0.000  0.053  0.1679    0.6655 .8481E-01 .7166E-06 
  157         0.00  0.000  0.167  0.1494    0.6426 .8190E-01 .6941E-06 
  158         0.00  0.000  0.148  0.1329    0.5580 .7112E-01 .6101E-06 
  159         0.35  0.000  0.158  0.1542    0.4537 .5782E-01 .5051E-06 
  160         0.78  0.006  0.128  0.2260    0.3480 .4436E-01 .3967E-06 
  161         0.21  0.000  0.097  0.2386    0.2779 .3542E-01 .3232E-06 
  162         0.57  0.002  0.103  0.2640    0.2331 .2970E-01 .2753E-06 
  163         0.31  0.000  0.165  0.2658    0.1638 .2087E-01 .1996E-06 
  164         0.14  0.000  0.204  0.2480    0.1351 .1722E-01 .1677E-06 
  165         0.02  0.000  0.153  0.2268    0.1622 .2067E-01 .1979E-06 
  166         0.24  0.000  0.182  0.2275    0.1842 .2347E-01 .2223E-06 
  167         0.00  0.000  0.196  0.2014    0.2348 .2993E-01 .2772E-06 
  168         0.02  0.000  0.177  0.1831    0.2681 .3417E-01 .3128E-06 
  169         0.11  0.000  0.152  0.1771    0.2770 .3530E-01 .3222E-06 
  170         0.00  0.000  0.194  0.1534    0.2590 .3301E-01 .3031E-06 
  171         0.20  0.000  0.117  0.1613    0.2798 .3566E-01 .3252E-06 
  172         0.00  0.000  0.250  0.1324    0.3588 .4573E-01 .4079E-06 
  173         0.16  0.000  0.255  0.1218    0.4454 .5677E-01 .4968E-06 
  174         0.26  0.000  0.175  0.1313    0.4780 .6092E-01 .5298E-06 
  175         0.23  0.000  0.248  0.1293    0.4933 .6287E-01 .5452E-06 
  176         0.10  0.000  0.142  0.1247    0.5220 .6653E-01 .5741E-06 
  177         0.24  0.000  0.159  0.1336    0.4250 .5417E-01 .4760E-06 
  178         0.05  0.000  0.170  0.1203    0.5173 .6592E-01 .5693E-06 
  179         0.58  0.000  0.132  0.1700    0.6172 .7866E-01 .6690E-06 
  180         0.00  0.000  0.174  0.1507    0.6486 .8266E-01 .7000E-06 
  181         0.18  0.000  0.204  0.1480    0.6869 .8754E-01 .7376E-06 
  182         0.00  0.000  0.220  0.1236    0.6848 .8728E-01 .7356E-06 
  183         0.01  0.000  0.143  0.1088    0.6733 .8581E-01 .7243E-06 
  184         0.18  0.000  0.077  0.1203    0.6615 .8430E-01 .7126E-06 
  185         0.00  0.000  0.058  0.1138    0.6604 .8416E-01 .7115E-06 
  186         0.06  0.000  0.052  0.1147    0.7054 .8990E-01 .7557E-06 
  187         0.00  0.000  0.043  0.1099    0.7749 .9875E-01 .8234E-06 
  188         0.04  0.000  0.042  0.1097    0.8294 .1057     .8761E-06 
  189         1.59  0.143  0.038  0.2662    0.8680 .1106     .9134E-06 
  190         0.00  0.000  0.204  0.2317    0.9289 .1184     .9717E-06 
  191         0.00  0.000  0.226  0.2015    0.9923 .1265     .1032E-05 
  192         0.08  0.000  0.204  0.1833    1.0170 .1296     .1056E-05 
  193         0.06  0.000  0.216  0.1620    0.9974 .1271     .1037E-05 
  194         0.05  0.000  0.197  0.1428    0.9968 .1270     .1036E-05 
  195         0.03  0.000  0.207  0.1200    0.9678 .1233     .1009E-05 
  196         0.00  0.000  0.237  0.0936    0.9206 .1173     .9638E-06 
  197         0.23  0.000  0.142  0.1034    0.8811 .1123     .9259E-06 
  198         0.29  0.000  0.035  0.1317    0.8857 .1129     .9303E-06 
  199         0.76  0.003  0.060  0.2092    0.8612 .1098     .9068E-06 
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  200         0.21  0.000  0.122  0.2190    0.8414 .1072     .8877E-06 
  201         0.00  0.000  0.215  0.1951    0.8331 .1062     .8798E-06 
  202         0.31  0.000  0.104  0.2179    0.8607 .1097     .9063E-06 
  203         0.00  0.000  0.234  0.1919    0.8494 .1082     .8954E-06 
  204         0.22  0.000  0.148  0.1999    0.8476 .1080     .8937E-06 
  205         0.07  0.000  0.149  0.1910    0.8919 .1137     .9363E-06 
  206         0.00  0.000  0.236  0.1648    0.9094 .1159     .9531E-06 
  207         0.00  0.000  0.208  0.1416    0.8169 .1041     .8641E-06 
  208         0.06  0.000  0.091  0.1382    0.6760 .8615E-01 .7269E-06 
  209         0.34  0.000  0.110  0.1638    0.5599 .7136E-01 .6120E-06 
  210         0.00  0.000  0.198  0.1418    0.4576 .5832E-01 .5092E-06 
  211         0.00  0.000  0.166  0.1234    0.3889 .4956E-01 .4390E-06 
  212         0.00  0.000  0.180  0.1034    0.3615 .4607E-01 .4108E-06 
  213         0.00  0.000  0.076  0.0949    0.3655 .4657E-01 .4148E-06 
  214         0.00  0.000  0.059  0.0884    0.3680 .4690E-01 .4175E-06 
  215         0.00  0.000  0.031  0.0850    0.4717 .6012E-01 .5234E-06 
  216         0.00  0.000  0.000  0.0850    0.5798 .7389E-01 .6319E-06 
  217         0.00  0.000  0.000  0.0850    0.5606 .7144E-01 .6127E-06 
  218         0.00  0.000  0.000  0.0850    0.4899 .6243E-01 .5418E-06 
  219         1.24  0.042  0.026  0.2153    0.4165 .5308E-01 .4673E-06 
  220         0.00  0.000  0.163  0.1971    0.3525 .4492E-01 .4014E-06 
  221         0.00  0.000  0.154  0.1800    0.3003 .3827E-01 .3468E-06 
  222         0.00  0.000  0.161  0.1621    0.2589 .3299E-01 .3030E-06 
  223         0.00  0.000  0.151  0.1453    0.2265 .2887E-01 .2683E-06 
  224         0.00  0.000  0.166  0.1269    0.2014 .2567E-01 .2411E-06 
  225         1.25  0.047  0.080  0.2516    0.1819 .2318E-01 .2197E-06 
  226         0.01  0.000  0.079  0.2409    0.1666 .2123E-01 .2029E-06 
  227         0.00  0.000  0.176  0.2131    0.1545 .1969E-01 .1894E-06 
  228         0.10  0.000  0.115  0.2070    0.1448 .1845E-01 .1786E-06 
  229         0.11  0.000  0.161  0.1975    0.1395 .1777E-01 .1726E-06 
  230         0.00  0.000  0.219  0.1701    0.1344 .1712E-01 .1668E-06 
  231         0.00  0.000  0.173  0.1480    0.1256 .1600E-01 .1568E-06 
  232         0.00  0.000  0.130  0.1311    0.1168 .1489E-01 .1469E-06 
  233         0.00  0.000  0.185  0.1089    0.1098 .1399E-01 .1388E-06 
  234         0.00  0.000  0.166  0.0905    0.1046 .1333E-01 .1328E-06 
  235         0.00  0.000  0.050  0.0850    0.1007 .1283E-01 .1283E-06 
  236         0.59  0.000  0.028  0.1475    0.0919 .1171E-01 .1181E-06 
  237         0.23  0.000  0.053  0.1671    0.0887 .1131E-01 .1144E-06 
  238         0.05  0.000  0.128  0.1584    0.0928 .1182E-01 .1191E-06 
  239         0.00  0.000  0.160  0.1406    0.0985 .1255E-01 .1258E-06 
  240         0.51  0.000  0.080  0.1884    0.1033 .1317E-01 .1314E-06 
  241         0.28  0.000  0.123  0.2058    0.1064 .1356E-01 .1350E-06 
  242         0.00  0.000  0.167  0.1873    0.1092 .1392E-01 .1382E-06 
  243         0.12  0.000  0.113  0.1880    0.1120 .1427E-01 .1413E-06 
  244         0.89  0.020  0.095  0.2741    0.1133 .1444E-01 .1428E-06 
  245         0.00  0.000  0.153  0.2343    0.1097 .1398E-01 .1387E-06 
  246         1.42  0.178  0.113  0.3007    0.1082 .1378E-01 .1369E-06 
  247         0.27  0.000  0.134  0.2641    0.0981 .1250E-01 .1253E-06 
  248         0.57  0.002  0.113  0.2596    0.0876 .1116E-01 .1130E-06 
  249         0.00  0.000  0.133  0.2350    0.0768 .9788E-02 .1003E-06 
  250         0.00  0.000  0.128  0.2163    0.0602 .7666E-02 .8049E-07 
  251         0.00  0.000  0.102  0.2019    0.0562 .7162E-02 .7595E-07 
  252         0.00  0.000  0.112  0.1859    0.0659 .8398E-02 .8727E-07 
  253         0.00  0.000  0.125  0.1688    0.0729 .9292E-02 .9568E-07 
  254         0.00  0.000  0.120  0.1528    0.0745 .9498E-02 .9761E-07 
  255         0.19  0.000  0.089  0.1617    0.0723 .9212E-02 .9493E-07 
  256         0.38  0.000  0.088  0.1922    0.0557 .7094E-02 .7542E-07 
  257         0.21  0.000  0.055  0.2079    0.0395 .5036E-02 .5715E-07 
  258         0.07  0.000  0.137  0.1995    0.0463 .5899E-02 .6485E-07 
  259         0.14  0.000  0.082  0.2052    0.0512 .6528E-02 .7041E-07 
  260         0.00  0.000  0.090  0.1948    0.0377 .4800E-02 .5501E-07 
  261         0.00  0.000  0.131  0.1801    0.0267 .3398E-02 .4213E-07 
  262         0.00  0.000  0.135  0.1652    0.0325 .4144E-02 .4903E-07 
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  263         0.00  0.000  0.117  0.1521    0.0364 .4645E-02 .5362E-07 
  264         0.00  0.000  0.144  0.1361    0.0345 .4390E-02 .5129E-07 
  265         0.00  0.000  0.141  0.1204    0.0557 .7101E-02 .7547E-07 
  266         0.00  0.000  0.124  0.1066    0.0702 .8949E-02 .9246E-07 
  267         0.00  0.000  0.105  0.0949    0.0760 .9688E-02 .9938E-07 
  268         0.00  0.000  0.089  0.0850    0.0703 .8961E-02 .9255E-07 
  269         0.00  0.000  0.000  0.0850    0.0501 .6384E-02 .6912E-07 
  270         0.00  0.000  0.000  0.0850    0.0348 .4430E-02 .5166E-07 
  271         0.00  0.000  0.000  0.0850    0.0241 .3075E-02 .3909E-07 
  272         0.00  0.000  0.000  0.0850    0.0191 .2428E-02 .3292E-07 
  273         0.00  0.000  0.000  0.0850    0.0192 .2450E-02 .3309E-07 
  274         0.00  0.000  0.000  0.0850    0.0593 .7561E-02 .7988E-07 
  275         0.00  0.000  0.000  0.0850    0.0993 .1266E-01 .1267E-06 
  276         0.00  0.000  0.000  0.0850    0.1167 .1488E-01 .1468E-06 
  277         0.00  0.000  0.000  0.0850    0.1121 .1429E-01 .1415E-06 
  278         0.00  0.000  0.000  0.0850    0.0951 .1212E-01 .1218E-06 
  279         0.00  0.000  0.000  0.0850    0.1032 .1315E-01 .1312E-06 
  280         0.00  0.000  0.000  0.0850    0.1251 .1594E-01 .1562E-06 
  281         0.00  0.000  0.000  0.0850    0.1617 .2060E-01 .1974E-06 
  282         0.00  0.000  0.000  0.0850    0.1466 .1868E-01 .1805E-06 
  283         0.00  0.000  0.000  0.0850    0.1289 .1643E-01 .1607E-06 
  284         0.00  0.000  0.000  0.0850    0.1336 .1703E-01 .1659E-06 
  285         0.00  0.000  0.000  0.0850    0.1563 .1992E-01 .1914E-06 
  286         0.00  0.000  0.000  0.0850    0.1554 .1980E-01 .1904E-06 
  287         0.00  0.000  0.000  0.0850    0.1388 .1769E-01 .1718E-06 
  288         0.00  0.000  0.000  0.0850    0.1344 .1713E-01 .1669E-06 
  289         0.83  0.000  0.017  0.1753    0.1130 .1440E-01 .1424E-06 
  290         0.27  0.000  0.020  0.2031    0.0786 .1002E-01 .1024E-06 
  291         0.04  0.000  0.065  0.2004    0.0546 .6955E-02 .7418E-07 
  292         1.56  0.256  0.051  0.3081    0.0492 .6272E-02 .6815E-07 
  293         0.14  0.000  0.067  0.2568    0.0745 .9497E-02 .9753E-07 
  294         0.00  0.000  0.103  0.2384    0.1108 .1412E-01 .1399E-06 
  295         0.00  0.000  0.082  0.2243    0.1468 .1870E-01 .1807E-06 
  296         0.00  0.000  0.069  0.2113    0.1812 .2309E-01 .2189E-06 
  297         0.00  0.000  0.069  0.1997    0.1604 .2044E-01 .1960E-06 
  298         0.00  0.000  0.072  0.1885    0.1378 .1757E-01 .1707E-06 
  299         0.01  0.000  0.054  0.1808    0.1314 .1674E-01 .1634E-06 
  300         0.35  0.000  0.057  0.2110    0.1408 .1794E-01 .1740E-06 
  301         0.00  0.000  0.078  0.2005    0.1672 .2130E-01 .2035E-06 
  302         0.35  0.000  0.054  0.2316    0.1742 .2219E-01 .2112E-06 
  303         0.44  0.000  0.055  0.2581    0.1583 .2017E-01 .1935E-06 
  304         0.00  0.000  0.074  0.2402    0.1209 .1540E-01 .1515E-06 
  305         0.00  0.000  0.090  0.2223    0.1292 .1646E-01 .1609E-06 
  306         0.00  0.000  0.077  0.2093    0.1330 .1694E-01 .1652E-06 
  307         0.00  0.000  0.076  0.1975    0.1148 .1464E-01 .1446E-06 
  308         0.00  0.000  0.072  0.1866    0.0805 .1026E-01 .1047E-06 
  309         1.02  0.020  0.062  0.2889    0.0649 .8269E-02 .8606E-07 
  310         1.66  0.459  0.075  0.2998    0.0693 .8828E-02 .9130E-07 
  311         0.22  0.000  0.079  0.2659    0.0649 .8270E-02 .8614E-07 
  312         1.95  0.564  0.073  0.3140    0.0746 .9508E-02 .9761E-07 
  313         0.00  0.000  0.078  0.2433    0.1374 .1751E-01 .1701E-06 
  314         0.00  0.000  0.104  0.2245    0.1732 .2207E-01 .2101E-06 
  315         0.00  0.000  0.093  0.2087    0.1917 .2443E-01 .2305E-06 
  316         0.00  0.000  0.099  0.1935    0.1592 .2029E-01 .1947E-06 
  317         0.00  0.000  0.092  0.1802    0.1377 .1755E-01 .1706E-06 
  318         0.00  0.000  0.081  0.1684    0.1578 .2011E-01 .1931E-06 
  319         0.00  0.000  0.090  0.1562    0.1567 .1997E-01 .1919E-06 
  320         0.01  0.000  0.066  0.1479    0.1173 .1495E-01 .1474E-06 
  321         0.90  0.004  0.051  0.2403    0.0872 .1112E-01 .1126E-06 
  322         0.00  0.000  0.061  0.2320    0.1058 .1348E-01 .1340E-06 
  323         0.00  0.000  0.047  0.2265    0.1445 .1841E-01 .1782E-06 
  324         0.00  0.000  0.066  0.2176    0.1322 .1685E-01 .1644E-06 
  325         0.00  0.000  0.046  0.2089    0.1409 .1795E-01 .1741E-06 
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  326         0.10  0.000  0.041  0.2123    0.1213 .1545E-01 .1519E-06 
  327         0.00  0.000  0.049  0.2039    0.1301 .1658E-01 .1620E-06 
  328         0.00  0.000  0.044  0.1968    0.1883 .2399E-01 .2267E-06 
  329         0.00  0.000  0.043  0.1899    0.1940 .2472E-01 .2330E-06 
  330         0.00  0.000  0.053  0.1823    0.1617 .2061E-01 .1974E-06 
  331         0.03  0.000  0.035  0.1799    0.1473 .1877E-01 .1813E-06 
  332         0.68  0.000  0.037  0.2499    0.2137 .2723E-01 .2543E-06 
  333         0.25  0.000  0.046  0.2615    0.3116 .3971E-01 .3586E-06 
  334         0.00  0.000  0.041  0.2440    0.4192 .5342E-01 .4700E-06 
  335         1.82  0.396  0.041  0.3180    0.5351 .6819E-01 .5872E-06 
  336         0.00  0.000  0.043  0.2442    0.6148 .7835E-01 .6666E-06 
  337         0.00  0.000  0.043  0.2337    0.6428 .8192E-01 .6943E-06 
  338         0.00  0.000  0.045  0.2222    0.6677 .8510E-01 .7187E-06 
  339         0.00  0.000  0.045  0.2128    0.7858 .1001     .8339E-06 
  340         0.00  0.000  0.047  0.2044    0.8304 .1058     .8771E-06 
  341         0.00  0.000  0.040  0.1972    0.8129 .1036     .8602E-06 
  342         0.00  0.000  0.051  0.1892    0.7422 .9459E-01 .7917E-06 
  343         0.00  0.000  0.057  0.1807    0.6611 .8425E-01 .7122E-06 
  344         0.00  0.000  0.043  0.1742    0.5470 .6971E-01 .5991E-06 
  345  *      0.00  0.000  0.033  0.1686    0.4269 .5440E-01 .4778E-06 
  346  *      0.00  0.000  0.000  0.1670    0.3913 .4987E-01 .4415E-06 
  347  *      0.00  0.000  0.000  0.1658    0.3945 .5027E-01 .4447E-06 
  348  *      0.00  0.000  0.000  0.1648    0.4573 .5828E-01 .5089E-06 
  349  *      0.00  0.000  0.032  0.1602    0.4913 .6261E-01 .5433E-06 
  350         0.01  0.000  0.038  0.1561    0.5322 .6783E-01 .5844E-06 
  351         0.00  0.000  0.051  0.1496    0.6084 .7753E-01 .6602E-06 
  352         0.08  0.000  0.031  0.1546    0.7153 .9117E-01 .7654E-06 
  353  *      0.76  0.000  0.020  0.1565    0.7797 .9937E-01 .8281E-06 
  354  *      0.00  0.000  0.014  0.1586    0.7182 .9153E-01 .7682E-06 
  355  *      0.00  0.000  0.015  0.1608    0.6165 .7857E-01 .6683E-06 
  356         0.00  0.000  0.020  0.1660    0.5191 .6615E-01 .5712E-06 
  357         0.00  0.000  0.000  0.2311    0.4355 .5550E-01 .4866E-06 
  358         0.00  0.000  0.062  0.2242    0.3681 .4692E-01 .4176E-06 
  359         0.00  0.000  0.061  0.2174    0.3271 .4169E-01 .3750E-06 
  360         0.00  0.000  0.059  0.2108    0.2860 .3644E-01 .3317E-06 
  361         0.00  0.000  0.056  0.2046    0.2448 .3120E-01 .2879E-06 
  362         0.00  0.000  0.074  0.1957    0.2079 .2650E-01 .2481E-06 
  363         0.00  0.000  0.067  0.1864    0.1684 .2146E-01 .2048E-06 
  364         0.11  0.000  0.050  0.1908    0.1185 .1511E-01 .1488E-06 
  365         1.75  0.226  0.038  0.3277    0.0823 .1048E-01 .1067E-06 
 
 **********************************************************************
 

 *******************************************************************************
 
                   MONTHLY TOTALS (IN INCHES) FOR YEAR    1
 -------------------------------------------------------------------------------
 
                                 JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC
                                 ------- ------- ------- ------- ------- -------
 
 PRECIPITATION                    2.64    5.03    4.12    2.65    4.89    5.55
                                  4.59    4.49    4.14    3.99    6.82    4.53
 
 RUNOFF                           0.015   0.189   0.004   0.094   0.088   0.008
                                  0.146   0.089   0.200   0.256   1.046   0.622
 
 EVAPOTRANSPIRATION               1.647   1.870   2.840   2.834   3.195   5.151
                                  4.565   3.372   2.856   0.987   1.967   1.173
 
 LATERAL DRAINAGE COLLECTED       1.0410  1.0059  1.8176  2.6572  2.8862  1.4968
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   FROM LAYER  9                  3.1352  0.8760  0.2263  0.4927  0.5684  2.0046
 
 PERCOLATION/LEAKAGE THROUGH      0.0000  0.0000  0.0000  0.0000  0.0000  0.0000
   LAYER 11                       0.0000  0.0000  0.0000  0.0000  0.0000  0.0000
 

 -------------------------------------------------------------------------------
                    MONTHLY SUMMARIES FOR DAILY HEADS (INCHES)
 -------------------------------------------------------------------------------

 
 AVERAGE DAILY HEAD ON            0.264   0.282   0.460   0.695   0.731   0.391
   TOP OF LAYER 10                0.794   0.222   0.059   0.125   0.149   0.507
 
 STD. DEVIATION OF DAILY          0.166   0.165   0.231   0.178   0.301   0.172
   HEAD ON TOP OF LAYER 10        0.174   0.152   0.027   0.035   0.072   0.212
 
 *******************************************************************************

 
 *******************************************************************************
 
                           ANNUAL TOTALS FOR YEAR    1
 -------------------------------------------------------------------------------
                                          INCHES          CU. FEET     PERCENT
                                         --------        ----------    -------
   PRECIPITATION                           53.44         193987.156    100.00
 
   RUNOFF                                   2.758         10010.948      5.16
 
   EVAPOTRANSPIRATION                      32.458        117822.195     60.74
 
   DRAINAGE COLLECTED FROM LAYER  9        18.2078        66094.164     34.07
 
   PERC./LEAKAGE THROUGH LAYER 11           0.000158          0.572      0.00
 
   AVG. HEAD ON TOP OF LAYER 10             0.3898
 
   CHANGE IN WATER STORAGE                  0.016            59.322      0.03
 
   SOIL WATER AT START OF YEAR            164.779        598147.125
 
   SOIL WATER AT END OF YEAR              164.795        598206.437
 
   SNOW WATER AT START OF YEAR              0.000             0.000      0.00
 
   SNOW WATER AT END OF YEAR                0.000             0.000      0.00
 
   ANNUAL WATER BUDGET BALANCE              0.0000           -0.045      0.00
 
 *******************************************************************************

    

 *******************************************************************************
 
          AVERAGE MONTHLY VALUES IN INCHES FOR YEARS    1 THROUGH   30
 -------------------------------------------------------------------------------
 
                          JAN/JUL  FEB/AUG  MAR/SEP  APR/OCT  MAY/NOV  JUN/DEC
                          -------  -------  -------  -------  -------  -------
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   PRECIPITATION
   -------------
     TOTALS                 4.76     4.70     4.38     4.07     5.15     5.22
                            4.40     4.57     3.63     3.46     4.26     4.45
 
     STD. DEVIATIONS        2.30     2.20     2.15     2.07     1.88     1.98
                            1.91     2.17     2.16     2.16     2.69     2.30
 
   RUNOFF
   ------
     TOTALS                 0.681    1.143    0.280    0.092    0.319    0.285
                            0.151    0.234    0.267    0.225    0.534    0.322
 
     STD. DEVIATIONS        0.781    1.720    0.414    0.099    0.376    0.318
                            0.256    0.345    0.408    0.375    0.810    0.373
 
   EVAPOTRANSPIRATION
   ------------------
     TOTALS                 1.176    1.454    2.775    2.843    3.658    3.883
                            3.532    3.176    2.161    1.860    1.478    0.962
 
     STD. DEVIATIONS        0.328    0.408    0.487    1.003    0.916    1.177
                            1.163    0.999    1.013    0.591    0.359    0.252
 
   LATERAL DRAINAGE COLLECTED FROM LAYER  9
   ----------------------------------------
     TOTALS                 1.0818   1.3452   1.6287   1.6049   2.2311   2.7754
                            2.6076   1.9632   1.4606   0.9878   0.7726   1.1620
 
     STD. DEVIATIONS        0.6270   0.6340   0.7481   0.6829   1.0819   1.4690
                            1.0884   1.2614   1.0523   0.6854   0.5429   0.7884
 
   PERCOLATION/LEAKAGE THROUGH LAYER 11
   ------------------------------------
     TOTALS                 0.0000   0.0000   0.0000   0.0000   0.0000   0.0000
                            0.0000   0.0000   0.0000   0.0000   0.0000   0.0000
 
     STD. DEVIATIONS        0.0000   0.0000   0.0000   0.0000   0.0000   0.0000
                            0.0000   0.0000   0.0000   0.0000   0.0000   0.0000
 

 -------------------------------------------------------------------------------
                AVERAGES OF MONTHLY AVERAGED DAILY HEADS (INCHES)
 -------------------------------------------------------------------------------

 
   DAILY AVERAGE HEAD ON TOP OF LAYER 10
   -------------------------------------
     AVERAGES               0.2738   0.3743   0.4123   0.4198   0.5647   0.7259
                            0.6600   0.4969   0.3820   0.2500   0.2021   0.2941
 
     STD. DEVIATIONS        0.1587   0.1774   0.1894   0.1786   0.2739   0.3842
                            0.2755   0.3193   0.2752   0.1735   0.1420   0.1995
 
 *******************************************************************************

 *******************************************************************************
 
      AVERAGE ANNUAL TOTALS & (STD. DEVIATIONS) FOR YEARS    1 THROUGH   30
 -------------------------------------------------------------------------------
                                      INCHES            CU. FEET       PERCENT
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                                -------------------   -------------   ---------
  PRECIPITATION                  53.06    (   5.948)     192619.9     100.00
 
  RUNOFF                          4.533   (  2.2434)      16455.36      8.543
 
  EVAPOTRANSPIRATION             28.957   (  3.0241)     105112.27     54.570
 
  LATERAL DRAINAGE COLLECTED     19.62092 (  4.47058)     71223.945   36.97641
    FROM LAYER  9
 
  PERCOLATION/LEAKAGE THROUGH     0.00017 (  0.00004)         0.611     0.00032
    LAYER 11
 
  AVERAGE HEAD ON TOP             0.421 (    0.096)
    OF LAYER 10
 
  CHANGE IN WATER STORAGE        -0.047   (  3.8841)       -172.28     -0.089
 
 *******************************************************************************

� 
 ******************************************************************************
 
                 PEAK DAILY VALUES FOR YEARS    1 THROUGH   30
    ------------------------------------------------------------------------
                                                 (INCHES)      (CU. FT.)
                                                ----------   -------------
       PRECIPITATION                              5.08         18440.400
 
       RUNOFF                                     2.336         8478.1719
 
       DRAINAGE COLLECTED FROM LAYER  9           0.22983        834.28375
 
       PERCOLATION/LEAKAGE THROUGH LAYER 11       0.000002         0.00647
 
       AVERAGE HEAD ON TOP OF LAYER 10            1.803
 
       MAXIMUM HEAD ON TOP OF LAYER 10            3.355

       LOCATION OF MAXIMUM HEAD IN LAYER  9
             (DISTANCE FROM DRAIN)               27.6 FEET
 
       SNOW WATER                                 9.08         32963.9844
 

       MAXIMUM VEG. SOIL WATER (VOL/VOL)                  0.4200
 
       MINIMUM VEG. SOIL WATER (VOL/VOL)                  0.0850
 

        ***  Maximum heads are computed using McEnroe's equations.  ***

             Reference:  Maximum Saturated Depth over Landfill Liner
                         by Bruce M. McEnroe, University of Kansas
                         ASCE Journal of Environmental Engineering
                         Vol. 119, No. 2, March 1993, pp. 262-270.

 
 ******************************************************************************
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� 
 ******************************************************************************
 
                    FINAL WATER STORAGE AT END OF YEAR   30
     ----------------------------------------------------------------------
                     LAYER        (INCHES)       (VOL/VOL)
                     -----        --------       ---------
                       1            2.8085         0.2340

                       2           37.7742         0.3148

                       3            1.3761         0.2293

                       4           35.6896         0.2974

                       5            1.5671         0.2612

                       6           36.2107         0.3018

                       7            1.4057         0.2343

                       8           35.0400         0.2920

                       9            1.2352         0.0515

                      10            0.0000         0.0000

                      11           10.2480         0.4270

                   SNOW WATER       0.000
 
 ******************************************************************************
 ******************************************************************************
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� 
 ******************************************************************************
 ******************************************************************************
 **                                                                          **
 **                                                                          **
 **              HYDROLOGIC EVALUATION OF LANDFILL PERFORMANCE               **
 **                HELP MODEL VERSION 3.07  (1 NOVEMBER 1997)                **
 **                  DEVELOPED BY ENVIRONMENTAL LABORATORY                   **
 **                    USAE WATERWAYS EXPERIMENT STATION                     **
 **             FOR USEPA RISK REDUCTION ENGINEERING LABORATORY              **
 **                                                                          **
 **                                                                          **
 ******************************************************************************
 ******************************************************************************

 PRECIPITATION DATA FILE:    C:\DATA4.D4                                       
 TEMPERATURE DATA FILE:      C:\DATA7.D7                                       
 SOLAR RADIATION DATA FILE:  C:\DATA13.D13                                     
 EVAPOTRANSPIRATION DATA:    C:\DATA11.D11                                     
 SOIL AND DESIGN DATA FILE:  C:\FINAL.D10                                      
 OUTPUT DATA FILE:           C:\FINAL.OUT                                      

 TIME: 177:54     DATE:   5/12/2015

 
 ******************************************************************************

      TITLE:  MACON COUNTY MSW LANDFILL PHASE 3 CELL 1                    

 ******************************************************************************

      NOTE:  INITIAL MOISTURE CONTENT OF THE LAYERS AND SNOW WATER WERE
               COMPUTED AS NEARLY STEADY-STATE VALUES BY THE PROGRAM.

 
                                    LAYER  1
                                    --------

                      TYPE 1 - VERTICAL PERCOLATION LAYER
                          MATERIAL TEXTURE NUMBER   6
            THICKNESS                   =     24.00   INCHES
            POROSITY                    =      0.4530 VOL/VOL
            FIELD CAPACITY              =      0.1900 VOL/VOL
            WILTING POINT               =      0.0850 VOL/VOL
            INITIAL SOIL WATER CONTENT  =      0.2815 VOL/VOL
            EFFECTIVE SAT. HYD. COND.   =  0.720000011000E-03 CM/SEC

 
                                    LAYER  2
                                    --------

                        TYPE 2 - LATERAL DRAINAGE LAYER
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                          MATERIAL TEXTURE NUMBER  20
            THICKNESS                   =      0.20   INCHES
            POROSITY                    =      0.8500 VOL/VOL
            FIELD CAPACITY              =      0.0100 VOL/VOL
            WILTING POINT               =      0.0050 VOL/VOL
            INITIAL SOIL WATER CONTENT  =      0.0100 VOL/VOL
            EFFECTIVE SAT. HYD. COND.   =   10.0000000000     CM/SEC
            SLOPE                       =     33.00   PERCENT
            DRAINAGE LENGTH             =    400.0    FEET

 
                                    LAYER  3
                                    --------

                        TYPE 4 - FLEXIBLE MEMBRANE LINER
                          MATERIAL TEXTURE NUMBER  35
            THICKNESS                   =      0.04   INCHES
            POROSITY                    =      0.0000 VOL/VOL
            FIELD CAPACITY              =      0.0000 VOL/VOL
            WILTING POINT               =      0.0000 VOL/VOL
            INITIAL SOIL WATER CONTENT  =      0.0000 VOL/VOL
            EFFECTIVE SAT. HYD. COND.   =  0.199999996000E-12 CM/SEC
            FML PINHOLE DENSITY         =      1.00   HOLES/ACRE
            FML INSTALLATION DEFECTS    =      1.00   HOLES/ACRE
            FML PLACEMENT QUALITY       =  3 - GOOD     

 
                                    LAYER  4
                                    --------

                          TYPE 3 - BARRIER SOIL LINER
                          MATERIAL TEXTURE NUMBER   0
            THICKNESS                   =     18.00   INCHES
            POROSITY                    =      0.4510 VOL/VOL
            FIELD CAPACITY              =      0.4180 VOL/VOL
            WILTING POINT               =      0.3670 VOL/VOL
            INITIAL SOIL WATER CONTENT  =      0.4510 VOL/VOL
            EFFECTIVE SAT. HYD. COND.   =  0.999999975000E-05 CM/SEC

 
                                    LAYER  5
                                    --------

                      TYPE 1 - VERTICAL PERCOLATION LAYER
                          MATERIAL TEXTURE NUMBER   6
            THICKNESS                   =     12.00   INCHES
            POROSITY                    =      0.4530 VOL/VOL
            FIELD CAPACITY              =      0.1900 VOL/VOL
            WILTING POINT               =      0.0850 VOL/VOL
            INITIAL SOIL WATER CONTENT  =      0.1900 VOL/VOL
            EFFECTIVE SAT. HYD. COND.   =  0.720000011000E-03 CM/SEC

 
                                    LAYER  6
                                    --------
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                      TYPE 1 - VERTICAL PERCOLATION LAYER
                          MATERIAL TEXTURE NUMBER  18
            THICKNESS                   =   1128.00   INCHES
            POROSITY                    =      0.6710 VOL/VOL
            FIELD CAPACITY              =      0.2920 VOL/VOL
            WILTING POINT               =      0.0770 VOL/VOL
            INITIAL SOIL WATER CONTENT  =      0.2920 VOL/VOL
            EFFECTIVE SAT. HYD. COND.   =  0.100000005000E-02 CM/SEC

 
                                    LAYER  7
                                    --------

                        TYPE 2 - LATERAL DRAINAGE LAYER
                          MATERIAL TEXTURE NUMBER  21
            THICKNESS                   =     24.00   INCHES
            POROSITY                    =      0.3970 VOL/VOL
            FIELD CAPACITY              =      0.0320 VOL/VOL
            WILTING POINT               =      0.0130 VOL/VOL
            INITIAL SOIL WATER CONTENT  =      0.0320 VOL/VOL
            EFFECTIVE SAT. HYD. COND.   =  0.300000012000     CM/SEC
            SLOPE                       =      3.00   PERCENT
            DRAINAGE LENGTH             =    400.0    FEET

 
                                    LAYER  8
                                    --------

                        TYPE 4 - FLEXIBLE MEMBRANE LINER
                          MATERIAL TEXTURE NUMBER  35
            THICKNESS                   =      0.06   INCHES
            POROSITY                    =      0.0000 VOL/VOL
            FIELD CAPACITY              =      0.0000 VOL/VOL
            WILTING POINT               =      0.0000 VOL/VOL
            INITIAL SOIL WATER CONTENT  =      0.0000 VOL/VOL
            EFFECTIVE SAT. HYD. COND.   =  0.199999996000E-12 CM/SEC
            FML PINHOLE DENSITY         =      1.00   HOLES/ACRE
            FML INSTALLATION DEFECTS    =      1.00   HOLES/ACRE
            FML PLACEMENT QUALITY       =  3 - GOOD     

 
                                    LAYER  9
                                    --------

                          TYPE 3 - BARRIER SOIL LINER
                          MATERIAL TEXTURE NUMBER  16
            THICKNESS                   =     24.00   INCHES
            POROSITY                    =      0.4270 VOL/VOL
            FIELD CAPACITY              =      0.4180 VOL/VOL
            WILTING POINT               =      0.3670 VOL/VOL
            INITIAL SOIL WATER CONTENT  =      0.4270 VOL/VOL
            EFFECTIVE SAT. HYD. COND.   =  0.100000001000E-06 CM/SEC
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                    GENERAL DESIGN AND EVAPORATIVE ZONE DATA
                    ----------------------------------------

          NOTE:  SCS RUNOFF CURVE NUMBER WAS COMPUTED FROM DEFAULT
                   SOIL DATA BASE USING SOIL TEXTURE # 6 WITH A
                   FAIR STAND OF GRASS, A SURFACE SLOPE OF  5.%
                   AND A SLOPE LENGTH OF  420. FEET.

         SCS RUNOFF CURVE NUMBER             =     69.30
         FRACTION OF AREA ALLOWING RUNOFF    =    100.0    PERCENT
         AREA PROJECTED ON HORIZONTAL PLANE  =      1.000  ACRES
         EVAPORATIVE ZONE DEPTH              =      9.0    INCHES
         INITIAL WATER IN EVAPORATIVE ZONE   =      3.087  INCHES
         UPPER LIMIT OF EVAPORATIVE STORAGE  =      4.077  INCHES
         LOWER LIMIT OF EVAPORATIVE STORAGE  =      0.765  INCHES
         INITIAL SNOW WATER                  =      0.000  INCHES
         INITIAL WATER IN LAYER MATERIALS    =    357.549  INCHES
         TOTAL INITIAL WATER                 =    357.549  INCHES
         TOTAL SUBSURFACE INFLOW             =      0.00   INCHES/YEAR

                     EVAPOTRANSPIRATION AND WEATHER DATA 
                     -----------------------------------

          NOTE:  EVAPOTRANSPIRATION DATA WAS OBTAINED FROM
                   ASHEVILLE             NORTH CAROLINA    

              STATION LATITUDE                       =  35.26 DEGREES
              MAXIMUM LEAF AREA INDEX                =   0.00
              START OF GROWING SEASON (JULIAN DATE)  =     96
              END OF GROWING SEASON (JULIAN DATE)    =    298
              EVAPORATIVE ZONE DEPTH                 =   9.0  INCHES
              AVERAGE ANNUAL WIND SPEED              =   7.60 MPH
              AVERAGE 1ST QUARTER RELATIVE HUMIDITY  =  71.00 %
              AVERAGE 2ND QUARTER RELATIVE HUMIDITY  =  75.00 %
              AVERAGE 3RD QUARTER RELATIVE HUMIDITY  =  84.00 %
              AVERAGE 4TH QUARTER RELATIVE HUMIDITY  =  77.00 %

          NOTE:  PRECIPITATION DATA WAS SYNTHETICALLY GENERATED USING
                   COEFFICIENTS FOR    ASHEVILLE           NORTH CAROLINA      

                   NORMAL MEAN MONTHLY PRECIPITATION (INCHES)

      JAN/JUL     FEB/AUG     MAR/SEP     APR/OCT     MAY/NOV     JUN/DEC
      -------     -------     -------     -------     -------     -------
        5.12        4.72        4.92        3.90        4.72        4.65
        4.57        4.65        4.61        3.35        4.57        4.61

          NOTE:  TEMPERATURE DATA WAS SYNTHETICALLY GENERATED USING
                   COEFFICIENTS FOR    ASHEVILLE           NORTH CAROLINA      

              NORMAL MEAN MONTHLY TEMPERATURE (DEGREES FAHRENHEIT)

      JAN/JUL     FEB/AUG     MAR/SEP     APR/OCT     MAY/NOV     JUN/DEC
      -------     -------     -------     -------     -------     -------
       35.50       39.00       46.00       53.50       61.50       69.00
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       72.50       72.00       66.00       55.50       46.50       38.00

          NOTE:  SOLAR RADIATION DATA WAS SYNTHETICALLY GENERATED USING
                   COEFFICIENTS FOR    ASHEVILLE           NORTH CAROLINA      
                     AND STATION LATITUDE  =  35.26 DEGREES

    HEAD  #1:  AVERAGE HEAD ON TOP OF LAYER  3
    DRAIN #1:  LATERAL DRAINAGE FROM LAYER  2 (RECIRCULATION AND COLLECTION)
    LEAK  #1:  PERCOLATION OR LEAKAGE THROUGH LAYER  4
    HEAD  #2:  AVERAGE HEAD ON TOP OF LAYER  8
    DRAIN #2:  LATERAL DRAINAGE FROM LAYER  7 (RECIRCULATION AND COLLECTION)
    LEAK  #2:  PERCOLATION OR LEAKAGE THROUGH LAYER  9
 
 
************************************************************************************
****************

                                     DAILY OUTPUT FOR YEAR    1
  
------------------------------------------------------------------------------------
--------------
          S
  DAY  A  O  RAIN  RUNOFF   ET   E. ZONE   HEAD      DRAIN     LEAK      HEAD      
DRAIN     LEAK   
       I  I                       WATER     #1        #1        #1        #2        
#2        #2    
       R  L   IN.    IN.    IN.  IN./IN.    IN.       IN.       IN.       IN.       
IN.       IN.   
  ---  -  -  ----- ------ ------ ------- --------- --------- --------- --------- 
--------- ---------

    1         0.00  0.000  0.048  0.2626    0.0006 .2610E-01 .3359E-07    0.0000 
.1208E-07 .6804E-08 
    2         0.00  0.000  0.044  0.2418    0.0050 .2098     .2422E-06    0.0000 
.4235E-07 .6805E-08 
    3  *      0.00  0.000  0.046  0.2281    0.0046 .1922     .2244E-06    0.0000 
.9923E-07 .6806E-08 
    4  *      0.00  0.000  0.035  0.2189    0.0036 .1527     .1837E-06    0.0000 
.1304E-06 .6807E-08 
    5         0.00  0.000  0.043  0.2098    0.0028 .1179     .1470E-06    0.0000 
.1401E-06 .6807E-08 
    6         0.00  0.000  0.055  0.2006    0.0023 .9787E-01 .1253E-06    0.0000 
.1375E-06 .6807E-08 
    7         0.00  0.000  0.048  0.1926    0.0019 .8159E-01 .1074E-06    0.0000 
.1295E-06 .6807E-08 
    8         0.00  0.000  0.048  0.1850    0.0016 .6940E-01 .9380E-07    0.0000 
.1189E-06 .6807E-08 
    9         0.00  0.000  0.053  0.1769    0.0014 .5918E-01 .8219E-07    0.0000 
.1077E-06 .6806E-08 
   10  *      0.00  0.000  0.040  0.1707    0.0013 .5437E-01 .7663E-07    0.0000 
.9715E-07 .6806E-08 
   11         0.00  0.000  0.047  0.1637    0.0011 .4686E-01 .6790E-07    0.0000 
.8771E-07 .6806E-08 
   12  *      0.00  0.000  0.040  0.1578    0.0010 .4396E-01 .6449E-07    0.0000 
.7914E-07 .6806E-08 
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   13  *      0.00  0.000  0.036  0.1525    0.0010 .4073E-01 .6066E-07    0.0000 
.7210E-07 .6805E-08 
   14  *      0.21  0.000  0.028  0.1535    0.0009 .3732E-01 .5659E-07    0.0000 
.6601E-07 .6805E-08 
   15  *      0.03  0.000  0.023  0.1549    0.0009 .3633E-01 .5539E-07    0.0000 
.6090E-07 .6805E-08 
   16  *      0.00  0.000  0.032  0.1564    0.0008 .3420E-01 .5283E-07    0.0000 
.5681E-07 .6805E-08 
   17  *      0.00  0.000  0.036  0.1581    0.0008 .3187E-01 .4998E-07    0.0000 
.5316E-07 .6805E-08 
   18         0.00  0.000  0.044  0.1575    0.0007 .2958E-01 .4718E-07    0.0000 
.4976E-07 .6805E-08 
   19         0.00  0.000  0.067  0.1498    0.0007 .2870E-01 .4609E-07    0.0000 
.4675E-07 .6805E-08 
   20         0.02  0.000  0.064  0.1449    0.0007 .2815E-01 .4542E-07    0.0000 
.4439E-07 .6805E-08 
   21         0.00  0.000  0.092  0.1347    0.0006 .2571E-01 .4240E-07    0.0000 
.4225E-07 .6805E-08 
   22         0.00  0.000  0.069  0.1270    0.0006 .2365E-01 .3982E-07    0.0000 
.3989E-07 .6804E-08 
   23         0.63  0.000  0.070  0.1892    0.0005 .2188E-01 .3759E-07    0.0000 
.3751E-07 .6804E-08 
   24         0.64  0.000  0.071  0.2525    0.0005 .2034E-01 .3563E-07    0.0000 
.3521E-07 .6804E-08 
   25         0.26  0.000  0.063  0.2744    0.0005 .1901E-01 .3393E-07    0.0000 
.3305E-07 .6804E-08 
   26         0.71  0.000  0.056  0.3177    0.0002 .1012E-01 .2156E-07    0.0000 
.2971E-07 .6804E-08 
   27         0.00  0.000  0.076  0.2593    0.0000 .2548E-03 .1317E-08    0.0000 
.2263E-07 .6804E-08 
   28         0.00  0.000  0.076  0.2357    0.0014 .5746E-01 .7708E-07    0.0000 
.2338E-07 .6804E-08 
   29         0.00  0.000  0.069  0.2205    0.0029 .1229     .1523E-06    0.0000 
.4703E-07 .6805E-08 
   30         0.00  0.000  0.072  0.2073    0.0027 .1137     .1425E-06    0.0000 
.7596E-07 .6806E-08 
   31         0.14  0.000  0.055  0.2128    0.0023 .9805E-01 .1255E-06    0.0000 
.9214E-07 .6806E-08 
   32         0.00  0.000  0.058  0.2032    0.0020 .8328E-01 .1093E-06    0.0000 
.9827E-07 .6806E-08 
   33         0.01  0.000  0.046  0.1966    0.0017 .7294E-01 .9778E-07    0.0000 
.9814E-07 .6806E-08 
   34         0.03  0.000  0.052  0.1919    0.0015 .6318E-01 .8675E-07    0.0000 
.9459E-07 .6806E-08 
   35  *      0.00  0.000  0.049  0.1847    0.0014 .5817E-01 .8103E-07    0.0000 
.8940E-07 .6806E-08 
   36  *      0.27  0.000  0.028  0.1852    0.0012 .5049E-01 .7215E-07    0.0000 
.8366E-07 .6806E-08 
   37         0.00  0.000  0.034  0.2047    0.0011 .4625E-01 .6718E-07    0.0000 
.7744E-07 .6806E-08 
   38         0.00  0.000  0.093  0.1933    0.0010 .4319E-01 .6357E-07    0.0000 
.7177E-07 .6805E-08 
   39         0.00  0.000  0.083  0.1825    0.0008 .3515E-01 .5396E-07    0.0000 
.6599E-07 .6805E-08 
   40         0.00  0.000  0.071  0.1736    0.0009 .3634E-01 .5540E-07    0.0000 
.6041E-07 .6805E-08 
   41         0.11  0.000  0.073  0.1769    0.0008 .3475E-01 .5349E-07    0.0000 
.5656E-07 .6805E-08 
   42         0.46  0.000  0.083  0.2185    0.0008 .3499E-01 .5377E-07    0.0000 
.5357E-07 .6805E-08 
   43         0.22  0.000  0.076  0.2344    0.0008 .3398E-01 .5255E-07    0.0000 
.5140E-07 .6805E-08 
   44         0.33  0.000  0.076  0.2627    0.0007 .3056E-01 .4839E-07    0.0000 
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.4915E-07 .6805E-08 
   45         0.48  0.000  0.077  0.3062    0.0006 .2637E-01 .4304E-07    0.0000 
.4618E-07 .6805E-08 
   46         0.00  0.000  0.095  0.2579    0.0000 .6005E-07 .3503E-09    0.0000 
.3786E-07 .6804E-08 
   47         0.02  0.000  0.062  0.2383    0.0001 .2199E-02 .4957E-08    0.0000 
.2487E-07 .6804E-08 
   48         0.00  0.000  0.085  0.2212    0.0013 .5415E-01 .7627E-07    0.0000 
.2550E-07 .6804E-08 
   49         0.22  0.000  0.067  0.2329    0.0017 .7247E-01 .9723E-07    0.0000 
.4154E-07 .6805E-08 
   50         0.13  0.000  0.064  0.2360    0.0017 .7269E-01 .9749E-07    0.0000 
.5653E-07 .6805E-08 
   51         1.35  0.000  0.063  0.3350    0.0013 .5529E-01 .7396E-07    0.0000 
.6408E-07 .6805E-08 
   52         0.05  0.000  0.076  0.2653    0.0059 .2473     .2648E-06    0.0000 
.8859E-07 .6806E-08 
   53         0.62  0.000  0.051  0.3119    0.0083 .3515     .3795E-06    0.0000 
.1546E-06 .6808E-08 
   54         0.00  0.000  0.066  0.2607    0.0052 .2180     .2398E-06    0.0000 
.2041E-06 .6809E-08 
   55         0.70  0.000  0.055  0.3153    0.0080 .3387     .3678E-06    0.0000 
.2288E-06 .6809E-08 
   56         0.00  0.000  0.061  0.2606    0.0056 .2348     .2557E-06    0.0000 
.2554E-06 .6810E-08 
   57         0.03  0.000  0.053  0.2428    0.0083 .3516     .3814E-06    0.0000 
.2689E-06 .6810E-08 
   58         0.00  0.000  0.091  0.2246    0.0055 .2325     .2650E-06    0.0000 
.2869E-06 .6811E-08 
   59         0.00  0.000  0.084  0.2100    0.0038 .1623     .1936E-06    0.0000 
.2693E-06 .6810E-08 
   60         0.61  0.000  0.064  0.2666    0.0029 .1237     .1532E-06    0.0000 
.2390E-06 .6810E-08 
   61  *      0.05  0.000  0.046  0.2643    0.0025 .1046     .1325E-06    0.0000 
.2081E-06 .6809E-08 
   62  *      0.00  0.000  0.065  0.2432    0.0004 .1667E-01 .2707E-07    0.0000 
.1699E-06 .6808E-08 
   63         0.66  0.000  0.056  0.3014    0.0018 .7695E-01 .1015E-06    0.0000 
.1333E-06 .6807E-08 
   64         0.00  0.000  0.105  0.2570    0.0009 .3997E-01 .5204E-07    0.0000 
.1154E-06 .6807E-08 
   65         0.15  0.000  0.051  0.2533    0.0040 .1707     .2022E-06    0.0000 
.1124E-06 .6806E-08 
   66         0.00  0.000  0.067  0.2382    0.0041 .1739     .2056E-06    0.0000 
.1382E-06 .6807E-08 
   67         0.00  0.000  0.121  0.2183    0.0032 .1329     .1629E-06    0.0000 
.1515E-06 .6807E-08 
   68         0.00  0.000  0.085  0.2043    0.0027 .1138     .1426E-06    0.0000 
.1504E-06 .6807E-08 
   69         0.27  0.000  0.071  0.2245    0.0025 .1067     .1350E-06    0.0000 
.1450E-06 .6807E-08 
   70         0.00  0.000  0.076  0.2152    0.0021 .8854E-01 .1151E-06    0.0000 
.1374E-06 .6807E-08 
   71         0.00  0.000  0.066  0.2066    0.0016 .6708E-01 .9116E-07    0.0000 
.1255E-06 .6807E-08 
   72  *      0.04  0.000  0.041  0.2048    0.0012 .5253E-01 .7450E-07    0.0000 
.1109E-06 .6806E-08 
   73         0.00  0.000  0.095  0.1926    0.0011 .4628E-01 .6720E-07    0.0000 
.9675E-07 .6806E-08 
   74         0.01  0.000  0.076  0.1834    0.0010 .4085E-01 .6076E-07    0.0000 
.8483E-07 .6806E-08 
   75         0.00  0.000  0.109  0.1701    0.0010 .4048E-01 .6036E-07    0.0000 
.7533E-07 .6805E-08 
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   76         0.00  0.000  0.066  0.1613    0.0008 .3361E-01 .5210E-07    0.0000 
.6765E-07 .6805E-08 
   77         0.00  0.000  0.079  0.1513    0.0008 .3354E-01 .5202E-07    0.0000 
.6080E-07 .6805E-08 
   78         0.00  0.000  0.131  0.1357    0.0008 .3230E-01 .5052E-07    0.0000 
.5584E-07 .6805E-08 
   79         0.39  0.000  0.089  0.1688    0.0008 .3487E-01 .5363E-07    0.0000 
.5251E-07 .6805E-08 
   80         0.76  0.000  0.074  0.2450    0.0008 .3424E-01 .5287E-07    0.0000 
.5068E-07 .6805E-08 
   81         0.04  0.000  0.100  0.2384    0.0007 .3075E-01 .4863E-07    0.0000 
.4874E-07 .6805E-08 
   82         0.00  0.000  0.136  0.2232    0.0007 .2787E-01 .4508E-07    0.0000 
.4619E-07 .6805E-08 
   83         0.00  0.000  0.128  0.2081    0.0004 .1822E-01 .3243E-07    0.0000 
.4220E-07 .6805E-08 
   84         0.00  0.000  0.131  0.1913    0.0002 .6726E-02 .1730E-07    0.0000 
.3526E-07 .6804E-08 
   85         0.60  0.000  0.111  0.2435    0.0002 .8849E-02 .2033E-07    0.0000 
.2806E-07 .6804E-08 
   86         0.10  0.000  0.089  0.2421    0.0001 .4945E-02 .1476E-07    0.0000 
.2292E-07 .6804E-08 
   87         0.31  0.000  0.097  0.2631    0.0002 .7636E-02 .1693E-07    0.0000 
.1861E-07 .6804E-08 
   88         0.00  0.000  0.153  0.2443    0.0004 .1610E-01 .2949E-07    0.0000 
.1756E-07 .6804E-08 
   89         0.00  0.000  0.154  0.2212    0.0002 .7433E-02 .1264E-07    0.0000 
.1705E-07 .6804E-08 
   90         0.13  0.000  0.106  0.2174    0.0000 .0000E+00 .0000E+00    0.0000 
.1206E-07 .6804E-08 
   91         0.00  0.000  0.111  0.1998    0.0001 .2591E-02 .9549E-08    0.0000 
.7465E-08 .6803E-08 
   92         0.01  0.000  0.087  0.1879    0.0005 .2091E-01 .3631E-07    0.0000 
.9325E-08 .6804E-08 
   93         0.00  0.000  0.126  0.1706    0.0005 .2208E-01 .3765E-07    0.0000 
.1567E-07 .6804E-08 
   94         0.00  0.000  0.121  0.1553    0.0008 .3549E-01 .5428E-07    0.0000 
.2236E-07 .6804E-08 
   95         0.01  0.000  0.095  0.1445    0.0008 .3580E-01 .5474E-07    0.0000 
.3011E-07 .6804E-08 
   96         0.00  0.000  0.070  0.1353    0.0008 .3193E-01 .5005E-07    0.0000 
.3499E-07 .6804E-08 
   97         0.00  0.000  0.085  0.1248    0.0008 .3263E-01 .5091E-07    0.0000 
.3762E-07 .6804E-08 
   98         0.00  0.000  0.073  0.1153    0.0006 .2733E-01 .4441E-07    0.0000 
.3880E-07 .6804E-08 
   99         0.00  0.000  0.077  0.1058    0.0007 .2892E-01 .4638E-07    0.0000 
.3868E-07 .6804E-08 
  100         0.35  0.000  0.098  0.1331    0.0007 .3050E-01 .4778E-07    0.0000 
.3913E-07 .6804E-08 
  101         0.11  0.000  0.098  0.1343    0.0007 .3147E-01 .4945E-07    0.0000 
.3990E-07 .6804E-08 
  102         0.83  0.000  0.074  0.2181    0.0007 .2785E-01 .4498E-07    0.0000 
.4019E-07 .6804E-08 
  103         0.99  0.000  0.107  0.3162    0.0006 .2625E-01 .4307E-07    0.0000 
.3934E-07 .6804E-08 
  104         0.00  0.000  0.120  0.2555    0.0000 .1816E-02 .3744E-08    0.0000 
.3354E-07 .6804E-08 
  105         0.00  0.000  0.111  0.2289    0.0003 .1444E-01 .2234E-07    0.0000 
.2463E-07 .6804E-08 
  106         0.00  0.000  0.145  0.2056    0.0017 .7087E-01 .9533E-07    0.0000 
.3086E-07 .6804E-08 
  107         0.00  0.000  0.187  0.1804    0.0020 .8509E-01 .1113E-06    0.0000 
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.5048E-07 .6805E-08 
  108         0.00  0.000  0.147  0.1604    0.0018 .7562E-01 .1008E-06    0.0000 
.6571E-07 .6805E-08 
  109         0.00  0.000  0.190  0.1362    0.0016 .6879E-01 .9308E-07    0.0000 
.7341E-07 .6805E-08 
  110         0.31  0.000  0.167  0.1489    0.0014 .5774E-01 .8028E-07    0.0000 
.7577E-07 .6805E-08 
  111         0.00  0.000  0.214  0.1230    0.0014 .6006E-01 .8320E-07    0.0000 
.7543E-07 .6805E-08 
  112         0.00  0.000  0.137  0.1065    0.0014 .5930E-01 .8203E-07    0.0000 
.7558E-07 .6805E-08 
  113         0.00  0.000  0.120  0.0930    0.0014 .5858E-01 .8149E-07    0.0000 
.7540E-07 .6805E-08 
  114         0.00  0.000  0.068  0.0853    0.0011 .4812E-01 .6923E-07    0.0000 
.7367E-07 .6805E-08 
  115         0.00  0.000  0.001  0.0850    0.0010 .4220E-01 .6240E-07    0.0000 
.6939E-07 .6805E-08 
  116         0.04  0.000  0.006  0.0888    0.0009 .3816E-01 .5759E-07    0.0000 
.6457E-07 .6805E-08 
  117         0.00  0.000  0.004  0.0883    0.0008 .3397E-01 .5254E-07    0.0000 
.5973E-07 .6805E-08 
  118         0.00  0.000  0.012  0.0870    0.0007 .3054E-01 .4837E-07    0.0000 
.5493E-07 .6805E-08 
  119         0.00  0.000  0.006  0.0863    0.0007 .2772E-01 .4489E-07    0.0000 
.5041E-07 .6805E-08 
  120         0.00  0.000  0.007  0.0854    0.0006 .2533E-01 .4193E-07    0.0000 
.4627E-07 .6805E-08 
  121         0.00  0.000  0.002  0.0851    0.0005 .2310E-01 .3913E-07    0.0000 
.4252E-07 .6805E-08 
  122         0.00  0.000  0.001  0.0851    0.0005 .2166E-01 .3731E-07    0.0000 
.3917E-07 .6804E-08 
  123         0.07  0.000  0.004  0.0925    0.0005 .2015E-01 .3539E-07    0.0000 
.3628E-07 .6804E-08 
  124         0.87  0.000  0.020  0.1869    0.0004 .1879E-01 .3364E-07    0.0000 
.3371E-07 .6804E-08 
  125         0.13  0.000  0.077  0.1927    0.0004 .1768E-01 .3221E-07    0.0000 
.3143E-07 .6804E-08 
  126         0.00  0.000  0.185  0.1721    0.0004 .1664E-01 .3087E-07    0.0000 
.2942E-07 .6804E-08 
  127         0.00  0.000  0.190  0.1510    0.0004 .1572E-01 .2966E-07    0.0000 
.2763E-07 .6804E-08 
  128         0.00  0.000  0.161  0.1332    0.0004 .1488E-01 .2857E-07    0.0000 
.2604E-07 .6804E-08 
  129         0.00  0.000  0.075  0.1249    0.0003 .1413E-01 .2757E-07    0.0000 
.2461E-07 .6804E-08 
  130         0.00  0.000  0.057  0.1185    0.0003 .1345E-01 .2667E-07    0.0000 
.2332E-07 .6804E-08 
  131         0.00  0.000  0.048  0.1132    0.0003 .1282E-01 .2584E-07    0.0000 
.2216E-07 .6804E-08 
  132         0.00  0.000  0.043  0.1084    0.0003 .1225E-01 .2507E-07    0.0000 
.2111E-07 .6804E-08 
  133         0.06  0.000  0.040  0.1107    0.0003 .1173E-01 .2437E-07    0.0000 
.2015E-07 .6804E-08 
  134         0.00  0.000  0.035  0.1065    0.0002 .1019E-01 .2219E-07    0.0000 
.1909E-07 .6804E-08 
  135         0.36  0.000  0.034  0.1425    0.0002 .9830E-02 .2173E-07    0.0000 
.1790E-07 .6804E-08 
  136         0.20  0.000  0.032  0.1610    0.0002 .9113E-02 .2072E-07    0.0000 
.1686E-07 .6804E-08 
  137         0.00  0.000  0.030  0.1577    0.0002 .1032E-01 .2246E-07    0.0000 
.1618E-07 .6804E-08 
  138         0.00  0.000  0.029  0.1545    0.0002 .9943E-02 .2194E-07    0.0000 
.1595E-07 .6804E-08 
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  139         0.67  0.000  0.029  0.2257    0.0002 .9587E-02 .2145E-07    0.0000 
.1564E-07 .6804E-08 
  140         0.22  0.000  0.118  0.2371    0.0002 .9255E-02 .2100E-07    0.0000 
.1528E-07 .6804E-08 
  141         0.05  0.000  0.129  0.2283    0.0002 .8944E-02 .2058E-07    0.0000 
.1490E-07 .6804E-08 
  142         0.71  0.000  0.189  0.2862    0.0002 .8650E-02 .2015E-07    0.0000 
.1450E-07 .6804E-08 
  143         0.00  0.000  0.233  0.2448    0.0001 .3641E-02 .9209E-08    0.0000 
.1280E-07 .6804E-08 
  144         0.00  0.000  0.163  0.2144    0.0000 .0000E+00 .0000E+00    0.0000 
.8480E-08 .6804E-08 
  145         0.00  0.000  0.188  0.1867    0.0000 .0000E+00 .0000E+00    0.0000 
.3802E-08 .6803E-08 
  146         0.00  0.000  0.144  0.1661    0.0000 .0000E+00 .0000E+00    0.0000 
.6285E-09 .3935E-08 
  147         0.00  0.000  0.186  0.1418    0.0001 .3283E-02 .7098E-08    0.0000 
.4440E-09 .5102E-08 
  148         0.28  0.000  0.116  0.1570    0.0002 .6475E-02 .1582E-07    0.0000 
.1589E-08 .6803E-08 
  149         1.27  0.000  0.140  0.2803    0.0003 .1447E-01 .2798E-07    0.0000 
.5364E-08 .6803E-08 
  150         0.00  0.000  0.267  0.2419    0.0004 .1509E-01 .2567E-07    0.0000 
.9918E-08 .6804E-08 
  151         0.00  0.000  0.200  0.2079    0.0000 .0000E+00 .0000E+00    0.0000 
.9486E-08 .6804E-08 
  152         0.00  0.000  0.229  0.1758    0.0003 .1157E-01 .2021E-07    0.0000 
.6997E-08 .6803E-08 
  153         0.00  0.000  0.257  0.1420    0.0006 .2619E-01 .4184E-07    0.0000 
.1163E-07 .6804E-08 
  154         0.00  0.000  0.218  0.1123    0.0008 .3197E-01 .4816E-07    0.0000 
.1957E-07 .6804E-08 
  155         0.00  0.000  0.177  0.0897    0.0015 .6180E-01 .8292E-07    0.0000 
.3053E-07 .6804E-08 
  156         0.80  0.000  0.079  0.1694    0.0014 .6107E-01 .8427E-07    0.0000 
.4465E-07 .6805E-08 
  157         0.00  0.000  0.180  0.1494    0.0013 .5454E-01 .7683E-07    0.0000 
.5377E-07 .6805E-08 
  158         0.00  0.000  0.134  0.1345    0.0011 .4653E-01 .6751E-07    0.0000 
.5760E-07 .6805E-08 
  159         0.35  0.000  0.158  0.1559    0.0010 .4049E-01 .6038E-07    0.0000 
.5767E-07 .6805E-08 
  160         0.78  0.000  0.128  0.2283    0.0008 .3557E-01 .5447E-07    0.0000 
.5568E-07 .6805E-08 
  161         0.21  0.000  0.097  0.2408    0.0008 .3175E-01 .4983E-07    0.0000 
.5266E-07 .6805E-08 
  162         0.57  0.000  0.100  0.2930    0.0007 .2906E-01 .4654E-07    0.0000 
.4930E-07 .6805E-08 
  163         0.31  0.000  0.165  0.2864    0.0002 .8346E-02 .1429E-07    0.0000 
.4239E-07 .6805E-08 
  164         0.14  0.000  0.204  0.2617    0.0000 .0000E+00 .0000E+00    0.0000 
.2995E-07 .6804E-08 
  165         0.02  0.000  0.153  0.2350    0.0002 .8313E-02 .1628E-07    0.0000 
.2071E-07 .6804E-08 
  166         0.24  0.000  0.182  0.2346    0.0013 .5467E-01 .7672E-07    0.0000 
.2473E-07 .6804E-08 
  167         0.00  0.000  0.196  0.2083    0.0017 .7052E-01 .9504E-07    0.0000 
.4082E-07 .6805E-08 
  168         0.02  0.000  0.176  0.1894    0.0019 .8195E-01 .1078E-06    0.0000 
.5691E-07 .6805E-08 
  169         0.11  0.000  0.152  0.1840    0.0017 .7196E-01 .9668E-07    0.0000 
.6902E-07 .6805E-08 
  170         0.00  0.000  0.195  0.1607    0.0013 .5283E-01 .7484E-07    0.0000 
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.7271E-07 .6805E-08 
  171         0.20  0.000  0.117  0.1678    0.0010 .4248E-01 .6272E-07    0.0000 
.6978E-07 .6805E-08 
  172         0.00  0.000  0.252  0.1379    0.0009 .3982E-01 .5957E-07    0.0000 
.6515E-07 .6805E-08 
  173         0.16  0.000  0.243  0.1279    0.0010 .4416E-01 .6469E-07    0.0000 
.6199E-07 .6805E-08 
  174         0.26  0.000  0.172  0.1377    0.0011 .4578E-01 .6663E-07    0.0000 
.6098E-07 .6805E-08 
  175         0.23  0.000  0.255  0.1349    0.0009 .3992E-01 .5969E-07    0.0000 
.5977E-07 .6805E-08 
  176         0.10  0.000  0.190  0.1247    0.0008 .3426E-01 .5279E-07    0.0000 
.5681E-07 .6805E-08 
  177         0.24  0.000  0.155  0.1342    0.0008 .3194E-01 .5008E-07    0.0000 
.5316E-07 .6805E-08 
  178         0.05  0.000  0.158  0.1221    0.0007 .2794E-01 .4515E-07    0.0000 
.4953E-07 .6805E-08 
  179         0.58  0.000  0.129  0.1721    0.0006 .2651E-01 .4339E-07    0.0000 
.4589E-07 .6805E-08 
  180         0.00  0.000  0.174  0.1528    0.0006 .2394E-01 .4016E-07    0.0000 
.4264E-07 .6805E-08 
  181         0.18  0.000  0.197  0.1509    0.0005 .2225E-01 .3806E-07    0.0000 
.3954E-07 .6804E-08 
  182         0.00  0.000  0.220  0.1265    0.0005 .2094E-01 .3639E-07    0.0000 
.3680E-07 .6804E-08 
  183         0.01  0.000  0.150  0.1109    0.0005 .1942E-01 .3446E-07    0.0000 
.3435E-07 .6804E-08 
  184         0.18  0.000  0.077  0.1223    0.0004 .1830E-01 .3302E-07    0.0000 
.3212E-07 .6804E-08 
  185         0.00  0.000  0.058  0.1157    0.0004 .1670E-01 .3091E-07    0.0000 
.3006E-07 .6804E-08 
  186         0.06  0.000  0.048  0.1171    0.0004 .1620E-01 .3029E-07    0.0000 
.2816E-07 .6804E-08 
  187         0.00  0.000  0.043  0.1122    0.0003 .1443E-01 .2793E-07    0.0000 
.2644E-07 .6804E-08 
  188         0.04  0.000  0.041  0.1121    0.0003 .1466E-01 .2827E-07    0.0000 
.2486E-07 .6804E-08 
  189         1.59  0.000  0.038  0.2846    0.0003 .1400E-01 .2740E-07    0.0000 
.2371E-07 .6804E-08 
  190         0.00  0.000  0.204  0.2477    0.0002 .6534E-02 .1363E-07    0.0000 
.2106E-07 .6804E-08 
  191         0.00  0.000  0.226  0.2099    0.0000 .0000E+00 .0000E+00    0.0000 
.1502E-07 .6804E-08 
  192         0.08  0.000  0.204  0.1897    0.0000 .0000E+00 .0000E+00    0.0000 
.8341E-08 .6804E-08 
  193         0.06  0.000  0.216  0.1676    0.0000 .1263E-02 .3491E-08    0.0000 
.4137E-08 .6803E-08 
  194         0.05  0.000  0.201  0.1472    0.0003 .1159E-01 .2412E-07    0.0000 
.4405E-08 .6803E-08 
  195         0.03  0.000  0.210  0.1235    0.0004 .1595E-01 .2818E-07    0.0000 
.8858E-08 .6804E-08 
  196         0.00  0.000  0.225  0.0953    0.0008 .3407E-01 .5095E-07    0.0000 
.1550E-07 .6804E-08 
  197         0.23  0.000  0.156  0.1032    0.0010 .4289E-01 .6309E-07    0.0000 
.2577E-07 .6804E-08 
  198         0.29  0.000  0.039  0.1310    0.0009 .3884E-01 .5840E-07    0.0000 
.3453E-07 .6804E-08 
  199         0.76  0.000  0.060  0.2087    0.0008 .3438E-01 .5303E-07    0.0000 
.3909E-07 .6804E-08 
  200         0.21  0.000  0.123  0.2184    0.0007 .3100E-01 .4893E-07    0.0000 
.4077E-07 .6805E-08 
  201         0.00  0.000  0.215  0.1945    0.0007 .2827E-01 .4557E-07    0.0000 
.4077E-07 .6805E-08 
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  202         0.31  0.000  0.101  0.2177    0.0006 .2582E-01 .4253E-07    0.0000 
.3978E-07 .6804E-08 
  203         0.00  0.000  0.229  0.1923    0.0006 .2374E-01 .3993E-07    0.0000 
.3822E-07 .6804E-08 
  204         0.22  0.000  0.148  0.2003    0.0005 .2196E-01 .3769E-07    0.0000 
.3638E-07 .6804E-08 
  205         0.07  0.000  0.149  0.1914    0.0005 .2004E-01 .3525E-07    0.0000 
.3440E-07 .6804E-08 
  206         0.00  0.000  0.236  0.1650    0.0004 .1781E-01 .3236E-07    0.0000 
.3222E-07 .6804E-08 
  207         0.00  0.000  0.208  0.1418    0.0004 .1808E-01 .3273E-07    0.0000 
.3023E-07 .6804E-08 
  208         0.06  0.000  0.091  0.1384    0.0004 .1700E-01 .3134E-07    0.0000 
.2874E-07 .6804E-08 
  209         0.34  0.000  0.110  0.1640    0.0004 .1604E-01 .3008E-07    0.0000 
.2730E-07 .6804E-08 
  210         0.00  0.000  0.198  0.1420    0.0004 .1517E-01 .2895E-07    0.0000 
.2593E-07 .6804E-08 
  211         0.00  0.000  0.166  0.1236    0.0003 .1439E-01 .2792E-07    0.0000 
.2464E-07 .6804E-08 
  212         0.00  0.000  0.180  0.1036    0.0003 .1369E-01 .2698E-07    0.0000 
.2345E-07 .6804E-08 
  213         0.00  0.000  0.077  0.0950    0.0003 .1304E-01 .2613E-07    0.0000 
.2234E-07 .6804E-08 
  214         0.00  0.000  0.058  0.0885    0.0003 .1204E-01 .2474E-07    0.0000 
.2125E-07 .6804E-08 
  215         0.00  0.000  0.031  0.0850    0.0003 .1195E-01 .2467E-07    0.0000 
.2022E-07 .6804E-08 
  216         0.00  0.000  0.000  0.0850    0.0003 .1145E-01 .2400E-07    0.0000 
.1942E-07 .6804E-08 
  217         0.00  0.000  0.000  0.0850    0.0003 .1099E-01 .2337E-07    0.0000 
.1866E-07 .6804E-08 
  218         0.00  0.000  0.000  0.0850    0.0003 .1056E-01 .2279E-07    0.0000 
.1795E-07 .6804E-08 
  219         1.24  0.000  0.026  0.2199    0.0002 .1016E-01 .2224E-07    0.0000 
.1728E-07 .6804E-08 
  220         0.00  0.000  0.163  0.2018    0.0002 .9793E-02 .2174E-07    0.0000 
.1665E-07 .6804E-08 
  221         0.00  0.000  0.154  0.1847    0.0002 .9447E-02 .2126E-07    0.0000 
.1607E-07 .6804E-08 
  222         0.00  0.000  0.156  0.1674    0.0002 .9125E-02 .2082E-07    0.0000 
.1552E-07 .6804E-08 
  223         0.00  0.000  0.151  0.1506    0.0002 .8822E-02 .2041E-07    0.0000 
.1501E-07 .6804E-08 
  224         0.00  0.000  0.166  0.1322    0.0002 .8538E-02 .2000E-07    0.0000 
.1453E-07 .6804E-08 
  225         1.25  0.000  0.083  0.2618    0.0002 .8270E-02 .1963E-07    0.0000 
.1407E-07 .6804E-08 
  226         0.01  0.000  0.079  0.2541    0.0002 .8018E-02 .1928E-07    0.0000 
.1365E-07 .6804E-08 
  227         0.00  0.000  0.176  0.2258    0.0000 .1282E-02 .3746E-08    0.0000 
.1137E-07 .6804E-08 
  228         0.10  0.000  0.115  0.2177    0.0000 .0000E+00 .0000E+00    0.0000 
.6492E-08 .6803E-08 
  229         0.11  0.000  0.161  0.2075    0.0000 .0000E+00 .0000E+00    0.0000 
.2423E-08 .6803E-08 
  230         0.00  0.000  0.219  0.1794    0.0000 .0000E+00 .0000E+00    0.0000 
.9864E-10 .1338E-08 
  231         0.00  0.000  0.159  0.1593    0.0000 .9279E-03 .3164E-08    0.0000 
.1234E-09 .3041E-08 
  232         0.00  0.000  0.131  0.1422    0.0000 .7024E-04 .9909E-09    0.0000 
.6221E-11 .7370E-09 
  233         0.00  0.000  0.185  0.1192    0.0001 .2210E-02 .7032E-08    0.0000 
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.1041E-09 .6803E-08 
  234         0.00  0.000  0.161  0.0995    0.0003 .1468E-01 .2604E-07    0.0000 
.2489E-08 .6803E-08 
  235         0.00  0.000  0.128  0.0850    0.0005 .2053E-01 .3584E-07    0.0000 
.8825E-08 .6804E-08 
  236         0.59  0.000  0.035  0.1466    0.0005 .1951E-01 .3457E-07    0.0000 
.1485E-07 .6804E-08 
  237         0.23  0.000  0.054  0.1662    0.0004 .1827E-01 .3297E-07    0.0000 
.1861E-07 .6804E-08 
  238         0.05  0.000  0.128  0.1575    0.0004 .1713E-01 .3151E-07    0.0000 
.2074E-07 .6804E-08 
  239         0.00  0.000  0.145  0.1414    0.0004 .1619E-01 .3027E-07    0.0000 
.2180E-07 .6804E-08 
  240         0.51  0.000  0.080  0.1892    0.0004 .1529E-01 .2910E-07    0.0000 
.2217E-07 .6804E-08 
  241         0.28  0.000  0.122  0.2066    0.0003 .1362E-01 .2689E-07    0.0000 
.2193E-07 .6804E-08 
  242         0.00  0.000  0.157  0.1891    0.0003 .1387E-01 .2723E-07    0.0000 
.2141E-07 .6804E-08 
  243         0.12  0.000  0.111  0.1901    0.0003 .1323E-01 .2638E-07    0.0000 
.2100E-07 .6804E-08 
  244         0.89  0.000  0.092  0.2788    0.0003 .1252E-01 .2543E-07    0.0000 
.2045E-07 .6804E-08 
  245         0.00  0.000  0.150  0.2528    0.0002 .7207E-02 .1545E-07    0.0000 
.1866E-07 .6804E-08 
  246         1.42  0.000  0.112  0.3364    0.0001 .2299E-02 .5425E-08    0.0000 
.1436E-07 .6804E-08 
  247         0.27  0.000  0.134  0.2850    0.0013 .5438E-01 .6588E-07    0.0000 
.1701E-07 .6804E-08 
  248         0.57  0.000  0.113  0.3099    0.0052 .2202     .2475E-06    0.0000 
.5231E-07 .6805E-08 
  249         0.00  0.000  0.133  0.2542    0.0056 .2382     .2650E-06    0.0000 
.1121E-06 .6806E-08 
  250         0.00  0.000  0.128  0.2261    0.0081 .3396     .3698E-06    0.0000 
.1698E-06 .6808E-08 
  251         0.00  0.000  0.102  0.2078    0.0053 .2228     .2553E-06    0.0000 
.2148E-06 .6809E-08 
  252         0.00  0.000  0.112  0.1903    0.0036 .1532     .1842E-06    0.0000 
.2163E-06 .6809E-08 
  253         0.00  0.000  0.125  0.1729    0.0028 .1199     .1491E-06    0.0000 
.2001E-06 .6809E-08 
  254         0.00  0.000  0.120  0.1567    0.0023 .9628E-01 .1236E-06    0.0000 
.1792E-06 .6808E-08 
  255         0.19  0.000  0.089  0.1651    0.0018 .7750E-01 .1029E-06    0.0000 
.1576E-06 .6808E-08 
  256         0.38  0.000  0.088  0.1955    0.0016 .6942E-01 .9383E-07    0.0000 
.1376E-06 .6807E-08 
  257         0.21  0.000  0.055  0.2110    0.0014 .6030E-01 .8346E-07    0.0000 
.1209E-06 .6807E-08 
  258         0.07  0.000  0.137  0.2020    0.0013 .5286E-01 .7490E-07    0.0000 
.1063E-06 .6806E-08 
  259         0.14  0.000  0.082  0.2076    0.0012 .5085E-01 .7257E-07    0.0000 
.9430E-07 .6806E-08 
  260         0.00  0.000  0.090  0.1969    0.0011 .4574E-01 .6659E-07    0.0000 
.8483E-07 .6806E-08 
  261         0.00  0.000  0.131  0.1822    0.0011 .4497E-01 .6567E-07    0.0000 
.7705E-07 .6806E-08 
  262         0.00  0.000  0.135  0.1672    0.0009 .3971E-01 .5944E-07    0.0000 
.7071E-07 .6805E-08 
  263         0.00  0.000  0.117  0.1542    0.0008 .3517E-01 .5399E-07    0.0000 
.6451E-07 .6805E-08 
  264         0.00  0.000  0.144  0.1382    0.0007 .3152E-01 .4957E-07    0.0000 
.5866E-07 .6805E-08 
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  265         0.00  0.000  0.141  0.1226    0.0007 .2853E-01 .4590E-07    0.0000 
.5334E-07 .6805E-08 
  266         0.00  0.000  0.123  0.1090    0.0006 .2604E-01 .4281E-07    0.0000 
.4860E-07 .6805E-08 
  267         0.00  0.000  0.121  0.0956    0.0006 .2393E-01 .4017E-07    0.0000 
.4442E-07 .6805E-08 
  268         0.00  0.000  0.093  0.0850    0.0005 .2186E-01 .3753E-07    0.0000 
.4071E-07 .6805E-08 
  269         0.00  0.000  0.000  0.0850    0.0005 .2069E-01 .3608E-07    0.0000 
.3748E-07 .6804E-08 
  270         0.00  0.000  0.000  0.0850    0.0005 .1931E-01 .3431E-07    0.0000 
.3475E-07 .6804E-08 
  271         0.00  0.000  0.000  0.0850    0.0004 .1809E-01 .3274E-07    0.0000 
.3234E-07 .6804E-08 
  272         0.00  0.000  0.000  0.0850    0.0004 .1701E-01 .3135E-07    0.0000 
.3021E-07 .6804E-08 
  273         0.00  0.000  0.000  0.0850    0.0004 .1604E-01 .3009E-07    0.0000 
.2832E-07 .6804E-08 
  274         0.00  0.000  0.000  0.0850    0.0004 .1518E-01 .2896E-07    0.0000 
.2664E-07 .6804E-08 
  275         0.00  0.000  0.000  0.0850    0.0003 .1440E-01 .2793E-07    0.0000 
.2514E-07 .6804E-08 
  276         0.00  0.000  0.000  0.0850    0.0003 .1369E-01 .2699E-07    0.0000 
.2379E-07 .6804E-08 
  277         0.00  0.000  0.000  0.0850    0.0003 .1305E-01 .2613E-07    0.0000 
.2258E-07 .6804E-08 
  278         0.00  0.000  0.000  0.0850    0.0003 .1246E-01 .2534E-07    0.0000 
.2149E-07 .6804E-08 
  279         0.00  0.000  0.000  0.0850    0.0003 .1191E-01 .2462E-07    0.0000 
.2050E-07 .6804E-08 
  280         0.00  0.000  0.000  0.0850    0.0003 .1142E-01 .2395E-07    0.0000 
.1959E-07 .6804E-08 
  281         0.00  0.000  0.000  0.0850    0.0003 .1096E-01 .2332E-07    0.0000 
.1877E-07 .6804E-08 
  282         0.00  0.000  0.000  0.0850    0.0002 .1053E-01 .2275E-07    0.0000 
.1801E-07 .6804E-08 
  283         0.00  0.000  0.000  0.0850    0.0002 .1013E-01 .2221E-07    0.0000 
.1731E-07 .6804E-08 
  284         0.00  0.000  0.000  0.0850    0.0002 .9767E-02 .2170E-07    0.0000 
.1666E-07 .6804E-08 
  285         0.00  0.000  0.000  0.0850    0.0002 .9423E-02 .2123E-07    0.0000 
.1606E-07 .6804E-08 
  286         0.00  0.000  0.000  0.0850    0.0002 .9101E-02 .2079E-07    0.0000 
.1551E-07 .6804E-08 
  287         0.00  0.000  0.000  0.0850    0.0002 .8800E-02 .2058E-07    0.0000 
.1502E-07 .6804E-08 
  288         0.00  0.000  0.000  0.0850    0.0002 .8517E-02 .1997E-07    0.0000 
.1456E-07 .6804E-08 
  289         0.83  0.000  0.017  0.1753    0.0002 .8110E-02 .1939E-07    0.0000 
.1406E-07 .6804E-08 
  290         0.27  0.000  0.020  0.2031    0.0002 .8012E-02 .1927E-07    0.0000 
.1360E-07 .6804E-08 
  291         0.04  0.000  0.061  0.2007    0.0002 .7775E-02 .1893E-07    0.0000 
.1321E-07 .6804E-08 
  292         1.56  0.000  0.050  0.3399    0.0001 .6234E-02 .1599E-07    0.0000 
.1251E-07 .6804E-08 
  293         0.14  0.000  0.067  0.2765    0.0000 .0000E+00 .0000E+00    0.0000 
.9522E-08 .6804E-08 
  294         0.00  0.000  0.102  0.2499    0.0010 .4215E-01 .5861E-07    0.0000 
.1176E-07 .6804E-08 
  295         0.00  0.000  0.082  0.2312    0.0023 .9752E-01 .1250E-06    0.0000 
.3221E-07 .6804E-08 
  296         0.00  0.000  0.069  0.2169    0.0026 .1088     .1372E-06    0.0000 
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.6002E-07 .6805E-08 
  297         0.00  0.000  0.069  0.2045    0.0024 .1029     .1308E-06    0.0000 
.8077E-07 .6806E-08 
  298         0.00  0.000  0.072  0.1927    0.0021 .8769E-01 .1142E-06    0.0000 
.9195E-07 .6806E-08 
  299         0.01  0.000  0.054  0.1849    0.0019 .7946E-01 .1051E-06    0.0000 
.9554E-07 .6806E-08 
  300         0.35  0.000  0.057  0.2148    0.0016 .6727E-01 .9140E-07    0.0000 
.9469E-07 .6806E-08 
  301         0.00  0.000  0.078  0.2041    0.0015 .6238E-01 .8584E-07    0.0000 
.9091E-07 .6806E-08 
  302         0.35  0.000  0.054  0.2350    0.0013 .5323E-01 .7533E-07    0.0000 
.8598E-07 .6806E-08 
  303         0.44  0.000  0.055  0.2760    0.0012 .4871E-01 .7006E-07    0.0000 
.7999E-07 .6806E-08 
  304         0.00  0.000  0.074  0.2596    0.0008 .3315E-01 .4813E-07    0.0000 
.7216E-07 .6805E-08 
  305         0.00  0.000  0.090  0.2345    0.0000 .2749E-03 .9366E-09    0.0000 
.5689E-07 .6805E-08 
  306         0.00  0.000  0.077  0.2185    0.0010 .4121E-01 .6091E-07    0.0000 
.4509E-07 .6805E-08 
  307         0.00  0.000  0.076  0.2051    0.0015 .6483E-01 .8861E-07    0.0000 
.5127E-07 .6805E-08 
  308         0.00  0.000  0.072  0.1930    0.0015 .6477E-01 .8855E-07    0.0000 
.6061E-07 .6805E-08 
  309         1.02  0.000  0.062  0.2966    0.0016 .6571E-01 .8960E-07    0.0000 
.6721E-07 .6805E-08 
  310         1.66  0.069  0.075  0.3401    0.0004 .1591E-01 .2279E-07    0.0000 
.6373E-07 .6805E-08 
  311         0.22  0.000  0.079  0.2845    0.0209 .8822     .8564E-06    0.0000 
.1520E-06 .6807E-08 
  312         1.95  0.065  0.073  0.3444    0.0145 .6095     .5951E-06    0.0000 
.3333E-06 .6812E-08 
  313         0.00  0.000  0.078  0.2599    0.0316 1.333     .1244E-05    0.0000 
.4914E-06 .6816E-08 
  314         0.00  0.000  0.104  0.2330    0.0107 .4496     .4734E-06    0.0000 
.6245E-06 .6819E-08 
  315         0.00  0.000  0.093  0.2152    0.0060 .2524     .2846E-06    0.0000 
.5529E-06 .6817E-08 
  316         0.00  0.000  0.099  0.1995    0.0040 .1703     .2018E-06    0.0000 
.4585E-06 .6815E-08 
  317         0.00  0.000  0.092  0.1856    0.0030 .1247     .1542E-06    0.0000 
.3720E-06 .6813E-08 
  318         0.00  0.000  0.081  0.1733    0.0023 .9689E-01 .1243E-06    0.0000 
.2995E-06 .6811E-08 
  319         0.00  0.000  0.090  0.1609    0.0020 .8287E-01 .1089E-06    0.0000 
.2419E-06 .6810E-08 
  320         0.01  0.000  0.066  0.1522    0.0016 .6831E-01 .9257E-07    0.0000 
.1971E-06 .6809E-08 
  321         0.90  0.000  0.051  0.2447    0.0015 .6153E-01 .8487E-07    0.0000 
.1621E-06 .6808E-08 
  322         0.00  0.000  0.061  0.2364    0.0013 .5436E-01 .7662E-07    0.0000 
.1353E-06 .6807E-08 
  323         0.00  0.000  0.047  0.2301    0.0012 .5182E-01 .7368E-07    0.0000 
.1149E-06 .6807E-08 
  324         0.00  0.000  0.066  0.2225    0.0012 .5040E-01 .7200E-07    0.0000 
.1000E-06 .6806E-08 
  325         0.00  0.000  0.046  0.2139    0.0004 .1823E-01 .3274E-07    0.0000 
.8451E-07 .6806E-08 
  326         0.10  0.000  0.041  0.2170    0.0005 .2030E-01 .3557E-07    0.0000 
.6693E-07 .6805E-08 
  327         0.00  0.000  0.049  0.2082    0.0006 .2351E-01 .3962E-07    0.0000 
.5575E-07 .6805E-08 
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  328         0.00  0.000  0.044  0.2006    0.0007 .2835E-01 .4563E-07    0.0000 
.4947E-07 .6805E-08 
  329         0.00  0.000  0.043  0.1935    0.0008 .3201E-01 .5017E-07    0.0000 
.4677E-07 .6805E-08 
  330         0.00  0.000  0.053  0.1856    0.0008 .3199E-01 .5014E-07    0.0000 
.4573E-07 .6805E-08 
  331         0.03  0.000  0.035  0.1833    0.0008 .3253E-01 .5079E-07    0.0000 
.4507E-07 .6805E-08 
  332         0.68  0.000  0.037  0.2531    0.0007 .3004E-01 .4775E-07    0.0000 
.4437E-07 .6805E-08 
  333         0.25  0.000  0.046  0.2740    0.0007 .2795E-01 .4517E-07    0.0000 
.4300E-07 .6805E-08 
  334         0.00  0.000  0.041  0.2619    0.0006 .2449E-01 .3749E-07    0.0000 
.4063E-07 .6805E-08 
  335         1.82  0.007  0.041  0.3438    0.0001 .5060E-02 .8651E-08    0.0000 
.3403E-07 .6804E-08 
  336         0.00  0.000  0.043  0.2631    0.0158 .6674     .6592E-06    0.0000 
.1045E-06 .6806E-08 
  337         0.00  0.000  0.043  0.2424    0.0103 .4349     .4599E-06    0.0000 
.2476E-06 .6810E-08 
  338         0.00  0.000  0.045  0.2287    0.0059 .2489     .2812E-06    0.0000 
.2884E-06 .6811E-08 
  339         0.00  0.000  0.045  0.2184    0.0041 .1746     .2063E-06    0.0000 
.2749E-06 .6811E-08 
  340         0.00  0.000  0.047  0.2090    0.0030 .1282     .1580E-06    0.0000 
.2458E-06 .6810E-08 
  341         0.00  0.000  0.040  0.2014    0.0025 .1033     .1313E-06    0.0000 
.2136E-06 .6809E-08 
  342         0.00  0.000  0.051  0.1930    0.0020 .8308E-01 .1091E-06    0.0000 
.1836E-06 .6808E-08 
  343         0.00  0.000  0.057  0.1844    0.0017 .7219E-01 .9693E-07    0.0000 
.1572E-06 .6808E-08 
  344         0.00  0.000  0.043  0.1775    0.0014 .6104E-01 .8431E-07    0.0000 
.1351E-06 .6807E-08 
  345  *      0.00  0.000  0.033  0.1721    0.0013 .5541E-01 .7784E-07    0.0000 
.1167E-06 .6807E-08 
  346  *      0.00  0.000  0.000  0.1703    0.0011 .4768E-01 .6886E-07    0.0000 
.1016E-06 .6806E-08 
  347  *      0.00  0.000  0.000  0.1688    0.0011 .4466E-01 .6532E-07    0.0000 
.8906E-07 .6806E-08 
  348  *      0.00  0.000  0.000  0.1676    0.0010 .4168E-01 .6179E-07    0.0000 
.7927E-07 .6806E-08 
  349  *      0.00  0.000  0.032  0.1631    0.0009 .3888E-01 .5845E-07    0.0000 
.7143E-07 .6805E-08 
  350         0.01  0.000  0.038  0.1588    0.0008 .3331E-01 .5173E-07    0.0000 
.6455E-07 .6805E-08 
  351         0.00  0.000  0.051  0.1522    0.0008 .3200E-01 .5015E-07    0.0000 
.5835E-07 .6805E-08 
  352         0.08  0.000  0.031  0.1570    0.0008 .3168E-01 .4975E-07    0.0000 
.5371E-07 .6805E-08 
  353  *      0.76  0.000  0.020  0.1587    0.0007 .3054E-01 .4837E-07    0.0000 
.5024E-07 .6805E-08 
  354  *      0.00  0.000  0.014  0.1605    0.0007 .2835E-01 .4567E-07    0.0000 
.4725E-07 .6805E-08 
  355  *      0.00  0.000  0.015  0.1627    0.0007 .2888E-01 .4632E-07    0.0000 
.4477E-07 .6805E-08 
  356         0.00  0.000  0.020  0.1678    0.0006 .2657E-01 .4347E-07    0.0000 
.4281E-07 .6805E-08 
  357         0.00  0.000  0.000  0.2330    0.0006 .2438E-01 .4074E-07    0.0000 
.4059E-07 .6805E-08 
  358         0.00  0.000  0.062  0.2261    0.0005 .2251E-01 .3838E-07    0.0000 
.3826E-07 .6804E-08 
  359         0.00  0.000  0.061  0.2193    0.0005 .2089E-01 .3634E-07    0.0000 

Page 16



FINAL.txt
.3596E-07 .6804E-08 
  360         0.00  0.000  0.059  0.2127    0.0005 .1933E-01 .3434E-07    0.0000 
.3375E-07 .6804E-08 
  361         0.00  0.000  0.056  0.2065    0.0004 .1826E-01 .3297E-07    0.0000 
.3168E-07 .6804E-08 
  362         0.00  0.000  0.074  0.1982    0.0004 .1694E-01 .3126E-07    0.0000 
.2978E-07 .6804E-08 
  363         0.00  0.000  0.067  0.1894    0.0001 .4811E-02 .1449E-07    0.0000 
.2608E-07 .6804E-08 
  364         0.11  0.000  0.050  0.1939    0.0000 .2914E-03 .2329E-08    0.0000 
.1895E-07 .6804E-08 
  365         1.75  0.000  0.038  0.3430    0.0001 .2576E-02 .6815E-08    0.0000 
.1233E-07 .6804E-08 
 
 
************************************************************************************
****************
 

 *******************************************************************************
 
                   MONTHLY TOTALS (IN INCHES) FOR YEAR    1
 -------------------------------------------------------------------------------
 
                                 JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC
                                 ------- ------- ------- ------- ------- -------
 
 PRECIPITATION                    2.64    5.03    4.12    2.65    4.89    5.55
                                  4.59    4.49    4.14    3.99    6.82    4.53
 
 RUNOFF                           0.000   0.000   0.000   0.000   0.000   0.000
                                  0.000   0.000   0.000   0.000   0.135   0.007
 
 EVAPOTRANSPIRATION               1.645   1.870   2.840   2.865   3.164   5.220
                                  4.571   3.412   2.867   0.982   1.967   1.173
 
 LATERAL DRAINAGE COLLECTED       1.9319  3.0431  1.6927  1.1521  0.3418  1.1581
   FROM LAYER  2                  0.5832  0.3090  2.1662  0.9827  4.8098  2.5483
 
 PERCOLATION/LEAKAGE THROUGH      0.0000  0.0000  0.0000  0.0000  0.0000  0.0000
   LAYER  4                       0.0000  0.0000  0.0000  0.0000  0.0000  0.0000
 
 LATERAL DRAINAGE COLLECTED       0.0000  0.0000  0.0000  0.0000  0.0000  0.0000
   FROM LAYER  7                  0.0000  0.0000  0.0000  0.0000  0.0000  0.0000
 
 PERCOLATION/LEAKAGE THROUGH      0.0000  0.0000  0.0000  0.0000  0.0000  0.0000
   LAYER  9                       0.0000  0.0000  0.0000  0.0000  0.0000  0.0000
 

 -------------------------------------------------------------------------------
                    MONTHLY SUMMARIES FOR DAILY HEADS (INCHES)
 -------------------------------------------------------------------------------

 
 AVERAGE DAILY HEAD ON            0.001   0.003   0.001   0.001   0.000   0.001
   TOP OF LAYER  3                0.000   0.000   0.002   0.001   0.004   0.002
 
 STD. DEVIATION OF DAILY          0.001   0.003   0.001   0.000   0.000   0.000
   HEAD ON TOP OF LAYER  3        0.000   0.000   0.002   0.001   0.007   0.003
 
 AVERAGE DAILY HEAD ON            0.000   0.000   0.000   0.000   0.000   0.000
   TOP OF LAYER  8                0.000   0.000   0.000   0.000   0.000   0.000
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 STD. DEVIATION OF DAILY          0.000   0.000   0.000   0.000   0.000   0.000
   HEAD ON TOP OF LAYER  8        0.000   0.000   0.000   0.000   0.000   0.000
 
 *******************************************************************************

 
 *******************************************************************************
 
                           ANNUAL TOTALS FOR YEAR    1
 -------------------------------------------------------------------------------
                                          INCHES          CU. FEET     PERCENT
                                         --------        ----------    -------
   PRECIPITATION                           53.44         193987.156    100.00
 
   RUNOFF                                   0.141           513.268      0.26
 
   EVAPOTRANSPIRATION                      32.575        118247.242     60.96
 
   DRAINAGE COLLECTED FROM LAYER  2        20.7190        75209.953     38.77
 
   PERC./LEAKAGE THROUGH LAYER  4           0.000027          0.097      0.00
 
   AVG. HEAD ON TOP OF LAYER  3             0.0014
 
   DRAINAGE COLLECTED FROM LAYER  7         0.0000            0.088      0.00
 
   PERC./LEAKAGE THROUGH LAYER  9           0.000002          0.009      0.00
 
   AVG. HEAD ON TOP OF LAYER  8             0.0000
 
   CHANGE IN WATER STORAGE                  0.005            16.617      0.01
 
   SOIL WATER AT START OF YEAR            357.549       1297901.120
 
   SOIL WATER AT END OF YEAR              357.553       1297917.750
 
   SNOW WATER AT START OF YEAR              0.000             0.000      0.00
 
   SNOW WATER AT END OF YEAR                0.000             0.000      0.00
 
   ANNUAL WATER BUDGET BALANCE              0.0000           -0.023      0.00
 
 *******************************************************************************

 

 *******************************************************************************
 
          AVERAGE MONTHLY VALUES IN INCHES FOR YEARS    1 THROUGH   30
 -------------------------------------------------------------------------------
 
                          JAN/JUL  FEB/AUG  MAR/SEP  APR/OCT  MAY/NOV  JUN/DEC
                          -------  -------  -------  -------  -------  -------
   PRECIPITATION
   -------------
     TOTALS                 4.76     4.70     4.38     4.07     5.15     5.22
                            4.40     4.57     3.63     3.46     4.26     4.45
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     STD. DEVIATIONS        2.30     2.20     2.15     2.07     1.88     1.98
                            1.91     2.17     2.16     2.16     2.69     2.30
 
   RUNOFF
   ------
     TOTALS                 0.214    0.789    0.070    0.000    0.013    0.009
                            0.004    0.012    0.033    0.023    0.069    0.031
 
     STD. DEVIATIONS        0.433    1.568    0.337    0.002    0.037    0.031
                            0.017    0.050    0.088    0.085    0.165    0.079
 
   EVAPOTRANSPIRATION
   ------------------
     TOTALS                 1.177    1.457    2.786    2.860    3.690    3.897
                            3.542    3.209    2.178    1.871    1.471    0.962
 
     STD. DEVIATIONS        0.328    0.410    0.473    1.002    0.928    1.187
                            1.164    1.011    1.024    0.588    0.382    0.251
 
   LATERAL DRAINAGE COLLECTED FROM LAYER  2
   ----------------------------------------
     TOTALS                 3.4604   2.8461   2.3330   1.3919   1.5118   1.2483
                            1.0176   1.1238   1.2517   1.5431   2.3866   2.5992
 
     STD. DEVIATIONS        2.0908   2.0593   1.5927   1.2027   1.2594   1.0960
                            0.9128   1.2756   1.0648   1.6412   2.1913   1.6746
 
   PERCOLATION/LEAKAGE THROUGH LAYER  4
   ------------------------------------
     TOTALS                 0.0000   0.0000   0.0000   0.0000   0.0000   0.0000
                            0.0000   0.0000   0.0000   0.0000   0.0000   0.0000
 
     STD. DEVIATIONS        0.0000   0.0000   0.0000   0.0000   0.0000   0.0000
                            0.0000   0.0000   0.0000   0.0000   0.0000   0.0000
 
   LATERAL DRAINAGE COLLECTED FROM LAYER  7
   ----------------------------------------
     TOTALS                 0.0000   0.0000   0.0000   0.0000   0.0000   0.0000
                            0.0000   0.0000   0.0000   0.0000   0.0000   0.0000
 
     STD. DEVIATIONS        0.0000   0.0000   0.0000   0.0000   0.0000   0.0000
                            0.0000   0.0000   0.0000   0.0000   0.0000   0.0000
 
   PERCOLATION/LEAKAGE THROUGH LAYER  9
   ------------------------------------
     TOTALS                 0.0000   0.0000   0.0000   0.0000   0.0000   0.0000
                            0.0000   0.0000   0.0000   0.0000   0.0000   0.0000
 
     STD. DEVIATIONS        0.0000   0.0000   0.0000   0.0000   0.0000   0.0000
                            0.0000   0.0000   0.0000   0.0000   0.0000   0.0000
 

 -------------------------------------------------------------------------------
                AVERAGES OF MONTHLY AVERAGED DAILY HEADS (INCHES)
 -------------------------------------------------------------------------------

 
   DAILY AVERAGE HEAD ON TOP OF LAYER  3
   -------------------------------------
     AVERAGES               0.0026   0.0024   0.0018   0.0011   0.0012   0.0010
                            0.0008   0.0009   0.0010   0.0012   0.0019   0.0020
 
     STD. DEVIATIONS        0.0016   0.0017   0.0012   0.0010   0.0010   0.0009
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                            0.0007   0.0010   0.0008   0.0013   0.0017   0.0013
 
   DAILY AVERAGE HEAD ON TOP OF LAYER  8
   -------------------------------------
     AVERAGES               0.0000   0.0000   0.0000   0.0000   0.0000   0.0000
                            0.0000   0.0000   0.0000   0.0000   0.0000   0.0000
 
     STD. DEVIATIONS        0.0000   0.0000   0.0000   0.0000   0.0000   0.0000
                            0.0000   0.0000   0.0000   0.0000   0.0000   0.0000
 
 *******************************************************************************

 *******************************************************************************
 
      AVERAGE ANNUAL TOTALS & (STD. DEVIATIONS) FOR YEARS    1 THROUGH   30
 -------------------------------------------------------------------------------
                                      INCHES            CU. FEET       PERCENT
                                -------------------   -------------   ---------
  PRECIPITATION                  53.06    (   5.948)     192619.9     100.00
 
  RUNOFF                          1.265   (  1.6792)       4593.25      2.385
 
  EVAPOTRANSPIRATION             29.101   (  3.0435)     105636.21     54.842
 
  LATERAL DRAINAGE COLLECTED     22.71356 (  5.75340)     82450.219   42.80461
    FROM LAYER  2
 
  PERCOLATION/LEAKAGE THROUGH     0.00003 (  0.00001)         0.104     0.00005
    LAYER  4
 
  AVERAGE HEAD ON TOP             0.001 (    0.000)
    OF LAYER  3
 
  LATERAL DRAINAGE COLLECTED      0.00003 (  0.00001)         0.095    0.00005
    FROM LAYER  7
 
  PERCOLATION/LEAKAGE THROUGH     0.00000 (  0.00000)         0.009     0.00000
    LAYER  9
 
  AVERAGE HEAD ON TOP             0.000 (    0.000)
    OF LAYER  8
 
  CHANGE IN WATER STORAGE        -0.016   (  2.2154)        -59.88     -0.031
 
 *******************************************************************************

� 
 ******************************************************************************
 
                 PEAK DAILY VALUES FOR YEARS    1 THROUGH   30
    ------------------------------------------------------------------------
                                                 (INCHES)      (CU. FT.)
                                                ----------   -------------
       PRECIPITATION                              5.08         18440.400
 
       RUNOFF                                     1.734         6294.0122
 
       DRAINAGE COLLECTED FROM LAYER  2           1.86229       6760.11572
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       PERCOLATION/LEAKAGE THROUGH LAYER  4       0.000002         0.00601
 
       AVERAGE HEAD ON TOP OF LAYER  3            0.044
 
       MAXIMUM HEAD ON TOP OF LAYER  3            0.165

       LOCATION OF MAXIMUM HEAD IN LAYER  2
             (DISTANCE FROM DRAIN)                0.0 FEET
 
       DRAINAGE COLLECTED FROM LAYER  7           0.00000          0.00297
 
       PERCOLATION/LEAKAGE THROUGH LAYER  9       0.000000         0.00002
 
       AVERAGE HEAD ON TOP OF LAYER  8            0.000
 
       MAXIMUM HEAD ON TOP OF LAYER  8            0.002

       LOCATION OF MAXIMUM HEAD IN LAYER  7
             (DISTANCE FROM DRAIN)                0.0 FEET
 
       SNOW WATER                                 9.08         32963.9844
 

       MAXIMUM VEG. SOIL WATER (VOL/VOL)                  0.4177
 
       MINIMUM VEG. SOIL WATER (VOL/VOL)                  0.0850
 

        ***  Maximum heads are computed using McEnroe's equations.  ***

             Reference:  Maximum Saturated Depth over Landfill Liner
                         by Bruce M. McEnroe, University of Kansas
                         ASCE Journal of Environmental Engineering
                         Vol. 119, No. 2, March 1993, pp. 262-270.

 
 ******************************************************************************

� 
 ******************************************************************************
 
                    FINAL WATER STORAGE AT END OF YEAR   30
     ----------------------------------------------------------------------
                     LAYER        (INCHES)       (VOL/VOL)
                     -----        --------       ---------
                       1            6.2578         0.2607

                       2            0.0059         0.0296

                       3            0.0000         0.0000

                       4            8.1180         0.4510

                       5            2.2800         0.1900

                       6          329.3760         0.2920

                       7            0.7680         0.0320

                       8            0.0000         0.0000
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                       9           10.2480         0.4270

                   SNOW WATER       0.000
 
 ******************************************************************************
 ******************************************************************************
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Section 14: Landfill Leachate Production Records 

 



JANUARY 158,510 27,600 7 22644 5113

FEBRUARY 186,440 31,510 8 23305 6658

MARCH 566,570 37,970 22 25753 18276

APRIL 380,590 33,700 21 18123 12686

MAY 606,050 39,990 23 26350 19550

JUNE 261,400 26,010 13 20107 8713

JULY 652,030 39,910 20 32601 21033

AUGUST 508,620 37,430 22 23119 16407

SEPTEMBER 451,230 32,130 19 23748 15041

OCTOBER 350,140 31,420 12 29178 11294

NOVEMBER 415,730 35,300 15 27715 13857

DECEMBER 540,290 29,000 25 21611 17428

5,077,600

24,529

13,911

207TOTAL DAYS PUMPED FROM LEACHATE POND:

MACON COUNTY MSW LANDFILL   PERMIT # 57-03                                           
ANNUAL LEACHATE VOLUMES PUMPED AND TREATED AT FRANKLIN WWTP                    

2003

TOTAL GALLONS TREATED IN 2003:

AVERAGE GALLONS TREATED PER DAY (PUMPED):

ANNUAL DAILY AVERAGE GALLONS TREATED:

MONTH TOTAL 
GALLONS

DAILY 
MAXIMUM 

(GALLONS)

# DAYS 
PUMPED THIS 

MONTH

AVERAGE 
MONTHLY 
GALLONS

AVERAGE 
GALLONS PER 
DAY PUMPED



JANUARY 573,520 32,360 24 23896 18500

FEBRUARY 703,000 39,680 24 29291 24241

MARCH 364,510 39,870 14 26036 11758

APRIL 411,660 30,510 20 20583 13722

MAY 257,300 28,160 12 21441 8300

JUNE 265,230 40,160 14 18945 8841

JULY 438,620 36,990 19 23085 14149

AUGUST 526,090 38,500 20 26304 16970

SEPTEMBER 570,300 39,950 20 28515 19010

OCTOBER 881,270 39,950 25 35250 28428

NOVEMBER 708,120 39,700 21 33720 23604

DECEMBER 463,310 40,000 13 35639 14945

MACON COUNTY MSW LANDFILL   PERMIT # 57-03                                           
ANNUAL LEACHATE VOLUMES PUMPED AND TREATED AT FRANKLIN WWTP                    

2004

TOTAL GALLONS TREATED IN 2004:

AVERAGE GALLONS TREATED PER DAY (PUMPED):

ANNUAL DAILY AVERAGE GALLONS TREATED:

MONTH TOTAL 
GALLONS

DAILY 
MAXIMUM 

(GALLONS)

27,270

16,838

226TOTAL DAYS PUMPED FROM LEACHATE POND:

# DAYS 
PUMPED THIS 

MONTH

AVERAGE 
MONTHLY 
GALLONS

AVERAGE 
GALLONS PER 
DAY PUMPED

6,162,930



JANUARY 350,110 40,630 11 31828 11293

FEBRUARY 329,080 37,800 10 32908 11752

MARCH 423,546 47,167 13 32580 13662

APRIL 321,042 36,694 11 29185 10701

MAY 503,177 35,775 17 29598 16231

JUNE 439,781 39,000 13 33829 14659

JULY 862,974 38,146 24 35957 27837

AUGUST 500,447 39,500 17 29438 16143

SEPTEMBER 651,429 38,950 21 31020 21714

OCTOBER 465,290 38,520 19 24488 15009

NOVEMBER 416,238 33,709 15 27749 13874

DECEMBER 563,253 36,420 21 26821 18169

5,826,367

30,346

15,962

192TOTAL DAYS PUMPED FROM LEACHATE POND:

MACON COUNTY MSW LANDFILL   PERMIT # 57-03                                           
ANNUAL LEACHATE VOLUMES PUMPED AND TREATED AT FRANKLIN WWTP                    

2005

TOTAL GALLONS TREATED IN 2005:

AVERAGE GALLONS TREATED PER DAY (PUMPED):

ANNUAL DAILY AVERAGE GALLONS TREATED:

MONTH TOTAL 
GALLONS

DAILY 
MAXIMUM 

(GALLONS)

# DAYS 
PUMPED THIS 

MONTH

AVERAGE 
MONTHLY 
GALLONS

AVERAGE 
GALLONS PER 
DAY PUMPED



JANUARY 580,807 39,702 22 26400 18735

FEBRUARY 498,495 27,485 20 24924 17803

MARCH 463,404 48,180 15 30893 14948

APRIL 206,701 29,210 9 22966 6890

MAY 244,464 27,657 16 15279 7885

JUNE 284,993 28,442 14 20356 9499

JULY 110,211 24,642 6 18368 3555

AUGUST 311,397 39,850 10 31139 10045

SEPTEMBER 326,141 33,262 14 23295 10871

OCTOBER 196,001 27,771 12 16333 6322

NOVEMBER 418,050 38,442 17 24591 13935

DECEMBER 312,384 34,682 12 26032 10076

TOTAL 
GALLONS

DAILY 
MAXIMUM 

(GALLONS)

# DAYS 
PUMPED THIS 

MONTH

AVERAGE 
MONTHLY 
GALLONS

AVERAGE 
GALLONS PER 
DAY PUMPED

TOTAL DAYS PUMPED FROM LEACHATE POND:

3,953,048

23,671

10,830

167

MACON COUNTY MSW LANDFILL   PERMIT # 57-03                                           
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2006

TOTAL GALLONS TREATED IN 2005:

AVERAGE GALLONS TREATED PER DAY (PUMPED):

ANNUAL DAILY AVERAGE GALLONS TREATED:

MONTH



JANUARY 386,888 39,565 14 27634 12480

FEBRUARY 282,593 39,836 9 31399 9744

MARCH 251,763 38,420 10 25176 8121

APRIL 218,308 35,882 10 21830 7276

MAY 170,158 34,489 6 28359 5488

JUNE 189,674 32,183 8 23709 6322

JULY 345,944 31,120 17 20349 11159

AUGUST 243,946 29,647 9 27105 7869

SEPTEMBER 109,986 33,109 4 27496 3666

OCTOBER 189,535 38,445 7 27076 6114

NOVEMBER 250,743 36,616 11 22794 8358

DECEMBER 156,223 38,196 8 19527 5039

TOTAL DAYS PUMPED FROM LEACHATE POND:

2,795,761

24,741

7,638
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2007

TOTAL GALLONS TREATED IN 2005:

AVERAGE GALLONS TREATED PER DAY (PUMPED):

ANNUAL DAILY AVERAGE GALLONS TREATED:

MONTH TOTAL 
GALLONS

DAILY 
MAXIMUM 

(GALLONS)

# DAYS 
PUMPED THIS 

MONTH

AVERAGE 
MONTHLY 
GALLONS

AVERAGE 
GALLONS PER 
DAY PUMPED



JANUARY 211,287 29,325 11 19207 6815

FEBRUARY 211,282 20,568 14 15091 7285

MARCH 401,771 36,552 19 21145 12960

APRIL 319,611 33,803 16 19975 10653

MAY 223,457 22,799 12 18621 7208

JUNE 90,019 27,884 4 22504 3000

JULY 261,734 35,000 11 23794 8443

AUGUST 165,729 34,033 7 23675 5346

SEPTEMBER 186,980 28,230 8 23372 6232

OCTOBER 9,845 9,845 1 9845 317

NOVEMBER 107,329 29,138 4 26832 3577

DECEMBER 231,558 39,950 10 23155 7469

TOTAL 
GALLONS

DAILY 
MAXIMUM 

(GALLONS)

# DAYS 
PUMPED THIS 

MONTH

AVERAGE 
MONTHLY 
GALLONS

AVERAGE 
GALLONS PER 
DAY PUMPED

TOTAL DAYS PUMPED FROM LEACHATE POND:

2,420,602

20,689

6,613
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2008

TOTAL GALLONS TREATED IN 2008:

AVERAGE GALLONS TREATED PER DAY (PUMPED):

ANNUAL DAILY AVERAGE GALLONS TREATED:

MONTH



JANUARY 125,112 32,430 4 31278 4035

FEBRUARY 236,087 38,960 7 33726 8140

MARCH 301,509 32,810 11 27409 9726

APRIL 149,457 38,910 4 37364 4981

MAY 231,572 30,931 12 19297 7470

JUNE 250,817 39,152 10 25081 8360

JULY 292,239 34,180 12 24353 9427

AUGUST 151,987 29,204 6 25331 4902

SEPTEMBER 186,678 39,180 5 37335 6222

OCTOBER 216,802 29,055 8 27100 6993

NOVEMBER 297,429 35,500 10 29742 9914

DECEMBER 334,602 37,386 11 30418 10793

TOTAL 
GALLONS

DAILY 
MAXIMUM 

(GALLONS)

# DAYS 
PUMPED THIS 

MONTH

AVERAGE 
MONTHLY 
GALLONS

AVERAGE 
GALLONS PER 
DAY PUMPED

TOTAL DAYS PUMPED FROM LEACHATE POND:

2,774,291

27,743

7,580
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2009

TOTAL GALLONS TREATED IN 2009:

AVERAGE GALLONS TREATED PER DAY (PUMPED):

ANNUAL DAILY AVERAGE GALLONS TREATED:

MONTH



JANUARY 74,381 30,127 3 24793 2399

FEBRUARY 401,587 25,799 17 23622 13847

MARCH 201,967 30,157 8 25245 6515

APRIL 224,187 18,312 15 14945 7472

MAY 155,812 19,051 9 17312 5026

JUNE 93,769 17,410 6 15628 3125

JULY 83,732 18,103 5 16746 2701

AUGUST 274,953 21,061 15 18330 8869

SEPTEMBER 107,490 20,104 6 17915 3583

OCTOBER 156,475 17,753 11 14225 5047

NOVEMBER 144,733 18,472 11 13157 4824

DECEMBER 142,189 29,207 8 17773 4586

TOTAL DAYS PUMPED FROM LEACHATE POND:

2,061,275

18,081

5,631
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2010

TOTAL GALLONS TREATED IN 2010:

AVERAGE GALLONS TREATED PER DAY (PUMPED):

ANNUAL DAILY AVERAGE GALLONS TREATED:

MONTH TOTAL 
GALLONS

DAILY 
MAXIMUM 

(GALLONS)

# DAYS 
PUMPED THIS 

MONTH

AVERAGE 
MONTHLY 
GALLONS

AVERAGE 
GALLONS PER 
DAY PUMPED



JANUARY 70,809 18,906 4 17702 2284

FEBRUARY 161,218 20,056 9 17913 5757

MARCH 362,610 36,820 12 30217 11697

APRIL 197,220 36,240 7 28174 6574

MAY 245,300 25,350 13 18869 7912

JUNE 121,480 17,840 7 17354 4049

JULY 92,200 19,100 5 18440 2974

AUGUST 89,240 24,600 4 22310 2878

SEPTEMBER 135,646 20,150 7 19378 4521

OCTOBER 100,300 36,900 3 33433 3235

NOVEMBER 180,300 35,200 6 30050 6010

DECEMBER 326,100 38,100 15 21740 10519

TOTAL DAYS PUMPED FROM LEACHATE POND:

2,082,423

22,635

5,689
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2011

TOTAL GALLONS TREATED IN 2011:

AVERAGE GALLONS TREATED PER DAY (PUMPED):

ANNUAL DAILY AVERAGE GALLONS TREATED:

MONTH TOTAL 
GALLONS

DAILY 
MAXIMUM 

(GALLONS)

# DAYS 
PUMPED THIS 

MONTH

AVERAGE 
MONTHLY 
GALLONS

AVERAGE 
GALLONS PER 
DAY PUMPED



JANUARY 240,800 40,400 9 26755 7767

FEBRUARY 249,800 32,500 11 22709 8921

MARCH 183,000 19,500 10 18300 5903

APRIL 329,800 19,600 18 18322 10993

MAY 206,900 20,900 11 18809 6674

JUNE 223,800 22,600 11 20345 7460

JULY 245,800 27,700 11 22345 7929

AUGUST 169,900 31,800 9 18877 5480

SEPTEMBER 102,700 16,700 7 14671 3423

OCTOBER 165,300 26,500 10 16530 5332

NOVEMBER 105,900 16,300 7 15128 3530

DECEMBER 118,700 25,400 8 14837 3829

TOTAL 
GALLONS

DAILY 
MAXIMUM 

(GALLONS)

# DAYS 
PUMPED THIS 

MONTH

AVERAGE 
MONTHLY 
GALLONS

AVERAGE 
GALLONS PER 
DAY PUMPED

TOTAL DAYS PUMPED FROM LEACHATE POND:

2,342,400

19,200

6,400
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2012

TOTAL GALLONS TREATED IN 2011:

AVERAGE GALLONS TREATED PER DAY (PUMPED):

ANNUAL DAILY AVERAGE GALLONS TREATED:

MONTH



JANUARY 210,700 39,000 7 30100 6796

FEBRUARY 259,300 36,300 10 25930 9260

MARCH 254,400 38,900 9 28266 8206

APRIL 192,100 31,900 9 21344 6403

MAY 282,000 36,000 11 25636 9096

JUNE 206,500 19,300 12 17208 6883

JULY 222,000 35,100 7 31714 7161

AUGUST 183,000 23,300 8 22875 5903

SEPTEMBER 153,000 38,200 5 30600 5100

OCTOBER 167,800 16,400 11 15254 5412

NOVEMBER 94,100 19,800 6 15683 3136

DECEMBER 300,700 35,600 14 21478 9700

23,171

6,900
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2013

TOTAL GALLONS TREATED IN 2011:

AVERAGE GALLONS TREATED PER DAY (PUMPED):

ANNUAL DAILY AVERAGE GALLONS TREATED:

MONTH TOTAL 
GALLONS

DAILY 
MAXIMUM 

(GALLONS)

# DAYS 
PUMPED THIS 

MONTH

AVERAGE 
MONTHLY 
GALLONS

AVERAGE 
GALLONS PER 
DAY PUMPED

TOTAL DAYS PUMPED FROM LEACHATE POND:

2,525,600



JANUARY 112,600 30,700 6 18766 3632

FEBRUARY 178,100 35,500 7 25442 6360

MARCH 172,600 15,600 13 13276 5567

APRIL 216,700 28,600 12 18058 7223

MAY 159,400 19,300 9 17711 5141

JUNE 148,400 19,000 8 18550 4946

JULY 91,200 18,700 5 18240 2941

AUGUST 136,800 35,900 5 27360 4412

SEPTEMBER 147,800 26,000 7 21114 4926

OCTOBER 147,800 20,700 11 13436 4767

NOVEMBER 38,200 13,500 3 12733 1273

DECEMBER 175,700 18,100 12 14641 5667

4,713
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2014

TOTAL GALLONS TREATED IN 2011:

AVERAGE GALLONS TREATED PER DAY (PUMPED):

ANNUAL DAILY AVERAGE GALLONS TREATED:

MONTH TOTAL 
GALLONS

DAILY 
MAXIMUM 

(GALLONS)

# DAYS 
PUMPED THIS 

MONTH

AVERAGE 
MONTHLY 
GALLONS

AVERAGE 
GALLONS PER 
DAY PUMPED

TOTAL DAYS PUMPED FROM LEACHATE POND:

1,725,300

17,605



Section 15: 404/401 Permits – Stream/Wetlands Impact 

 























Section 16: Permit to Construct Drawings 
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