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Background 
 

The County currently owns and operates a Subtitle D Sanitary Landfill (Permit No. 96-06) located 
approximately 2.7 miles northwest of Dudley North Carolina, off of S.R. 1129.  They also have a 
Construction/Demolition Landfill and a White Goods Facility.  All facilities are located on the Owner’s 
property.  The new Phase is adjacent to the existing Phase 2.  Access to the landfill will be the same 
as is presently being used.  Waste currently received in the existing Phase will be disposed of in the 
new Phase. 
 
The old landfill site has recently had a methane collection system installed. The Construction/Demolition 
landfill is located on top of the old landfill site. 
 
General 
 
The Facility can only accept Municipal Solid Wastes within Wayne County, which includes but is not 
limited to Household, Industrial, Construction/Demolition and Animal waste.  The Facility will not 
accept any Hazardous or PCB wastes.  Tires will continue to be processed at the maintenance facility 
and the White Goods will continue to be processed at the White Goods Facility. 
 
The Facility will consist of eight (8) phases of development.  The first two phases already exists, 
leaving six (6) phases to be built in the future.  Phase 3 parallels existing Phase 2 and is 
approximately 21 acres in size. 
 
The land use around the proposed facility is mostly agricultural with some rural subdivisions located 
within two (2) miles of the facility.  The landfill will not have any adverse impact on the residents of 
Wayne County since the proposed landfill is located adjacent to the existing landfill. 
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1.1 Waste Stream 
 

1.1.1 Waste Types  
 

The Facility will accept Municipal Solid Waste: any solid waste resulting from the operation of 
residential, commercial, industrial, governmental, or institutional establishments that would normally 
be collected, processed, and disposed of through a public or private solid waste management 
service is considered Municipal Solid Waste.  The facility has a permitted total capacity of 
5,004,195 cubic yards. 
 

Construction/Demolition waste and Land Clearing and Inert debris will continue to be disposed of in 
the existing Construction/Demolition Landfill.  
 

Spoiled foods, animal carcasses, abattoir waste, hatchery waste, and other animal waste will be 
accepted, and covered immediately upon dumping. 
 

Asbestos waste will be accepted and managed in accordance with 40 CFR 61.  The waste will be 
covered immediately with soil in a manner that will not cause airborne conditions and must be 
disposed of separate and apart from other solid wastes: 
 

i. At the bottom of the working face or; 
ii.  In an area not contiguous with other disposal areas.  Separate areas will be clearly 

designated so that asbestos is not exposed by future land disturbing activities. 
 

Wastewater treatment sludges must pass the paint filter test and the TCLP test before they may be 
accepted and co-disposed in the lined area. Hazardous waste as defined within 15A NCAC 13A, to 
also include hazardous waste from conditional exempt small quantity generators, Polychlorinated 
biphenyls (PCB) waste as defined in 40 CFR 761 are prohibited. 

 

1.1.2 Disposal Rates 
 

The Facility is open 4 days per week.  The tonnage per day was approximately 402 tons in the 
Fiscal year 2007-2008.  The life of the Facility will depend on disposal rates and compaction, which 
can vary through out the life of the Facility.  This variance can either increase or decrease the life of 
the Facility.   
 

1.1.3 Service Area  
 

The Facility will accept only waste from Wayne County.  
 

1.1.4 Waste Segregation 
  

The Facility will segregate Municipal Solid Waste, Construction/Demolition Waste, Yard Waste, 
Recyclables, White Goods, and Tires.  The Facility will use the current access route from the 
existing Sanitary Landfill; and the attendant at the existing scale house will direct incoming wastes 
to their appropriate areas.  An attendant is on site to direct segregation of waste during the hours of 
operation of 7am-6pm, Monday, Tuesday, Thursday and Friday.  Waste segregation will continue to 
occur at the existing facility, with MSW being the only type of waste being disposed in the new 
MSWLF units. 
 

1.1.5 Equipment Requirements 
  

The Facility has and uses the following equipment: 
 

  1.  826 Cat Compactor 
  2.  Front-end Loaders 
  3.  Pans 
  4.  Dozers 
  5.  Backhoe 
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1.2  Landfill Capacity 
 
The Life Expectancy calculations were calculated for Phases 2-8 of development with a vertical expansion 
being included when a Phase is constructed adjacent to the previous Phase. Each successive phase will vary 
in size due to being able to expand onto the previously filled areas.  The Operation Plan of the Engineering 
Report will delineate this more clearly.  Each individual Phase volume other than Phase 2 is estimated.  The 
airspace is a net volume excluding the capping requirements. 
 

LIFE EXPECTANCY CALCULATIONS PHASES 2-8 

Given:  
 

Life expectancy based on actual air space used in Annual Report Fiscal Year  08-09 is as follows: 
 

 Life expectancy based on using the annual average of 110,200 cubic yards/year, for the first year and 
 an annual increase of 0.83% for each year thereafter. 

 

 Phases   Airspace Available  Years of Life 
 
 Phase 2   = 245,951 cubic yards  = 2.05 years 
 Phase 3   = 541,887 cubic yards  = 4.92 years 
 Phase 4   = 702,461 cubic yards  = 6.12 years 
 Phase 5   = 687,397 cubic yards  = 5.74 years 

Phase 6   = 706,733 cubic yards  = 5.67 years 
 Phase 7   = 546,382 cubic yards  = 4.20 years 
 Phase 8   = 395,124 cubic yards  = 2.92 years 
  
    3,825,935 cubic yards   31.61 years 
 

Soil requirements for construction, daily cover and final caps for Phases 2-8 
 (Assume an 8:1 Trash to soil ratio) 
 

 Soil needed for Construction =  502,298 cubic yards 
 Soil needed for Daily Cover =  425,104 cubic yards 
 Soil needed for Closure  =  398,066 cubic yards 
 

Overall Soil Requirements =  823,170 cubic yards (soil needed for closure and daily cover)  
  
There is no excess soil available on site.  The County also owns property which it will utilize for borrow 
material as needed.  There should be enough borrow material available to complete the landfill. If the need 
arises the County will purchase additional land to borrow from. 
 
The estimate of the maximum inventory of wastes, ever on-site over the active life to date of the landfill facility 
is 1,539,760 cubic yards. 
 
Estimated schedule of closure will be approximately 32 years. 
 
 
 
 
 
 
 
 
 
 
 



P:\solid waste\G06096 Wayne Co. PTC Ph. 3\documents\G06096-PTC ph.3.doc       lch     4/23/2010    rev. 12/15/2010   Rev.   2/1/2011   Rev. 3/17/11 9 

1.3 Containment and Environmental Control Systems 
 

The County MSWLF Phase 3 will be constructed with a Base Liner System consisting of a cohesive soil 

liner with a permeability no greater than 1.0 x 10
-7

 cm/sec. or 1.0 x 10
-5

 cm/sec. with a reinforced 
Geosynthetic clay liner, sixty (60) mil High Density Polyethylene (HDPE) liner, 3' of protective cover, 
250 mil composite drainage net and leachate collection system consisting of leachate trenches and 
pipes to collect the leachate. The leachate will be pumped into a leachate lagoon. The waste will be 
covered daily with on-site soils to control disease vectors. The cap system will consist of twelve inches 
(12") of bridging material (temporary cover), eighteen inches (18") of soil liner with a permeability no 

greater than 1.0 × 10
-5 

cm/sec, forty (40) mil Linear Low Density Polyethylene (LLDPE) flexible 
membrane liner, drainage layer, and twenty four inches (24") of protective/erosive layer. The cap will 
contain a gas venting system consisting of a series of washed stone trenches below the soil liner that 
will be vented through pipes that penetrate the cap.  The cap system will also include the proper 

seeding and mulching of the erosive layer and other erosion control devices. 
 

1.4 Leachate Management 
 

1.4.1 Performance and Design Concepts  
 

A HELP model has been created for the design of the leachate collection system, along with 
performance calculations which are located in Section 2.2.3 of this report.  Leachate is pumped directly 
to the City of Goldsboro sewerage facilities and the water is treated in the City’s wastewater regional 
treatment facility. There are limitations on the daily flow according to the non-significant industrial user 
pretreatment permit (attached) issued to the landfill by the City of Goldsboro.  Consequently, leachate is 
continuously pumped from the lagoon until the low water float turns off the pump(s).  
 

1.4.2 Normal Operating Conditions  
 

The average monthly values of leachate generation are located in the HELP model Section 2.2.3 of this 
report, and performance calculations are in Section 2.2.4 of this report. The average monthly flow 
collected from layer 4 (Drainage Net) per acre for a five year period is 1.86 inches for January, 1.90 
inches for February, 1.37 inches for March, 0.90 inches for April, 0.64 inches for May, 0.59 inches for 
June, 0.72 inches for July, 1.67 inches for August, 2.29 inches for September, 0.96 inches for October, 
0.93 inches for November and 0.83 inches for December.  
 

Surge Volumes created by storm events are calculated in the HELP model and performance 
calculations in Section 2.2.3 of this report. The surge or peak daily values for years one thru five are 
0.65 inches per acre collected from layer 4 (Drainage Net), average head on layer 5 (HDPE Liner) 0.02 
inches and the maximum head on layer 5 is 0.46 inches. 

 

1.4.3 Leachate Management System 
 

Leachate pipeline operation capacity is located in the performance calculations in Section 2.2.4 of this 
report. 
 

Capacity of the lagoon is located in the performance calculations in Section 2.1.7 of this report. 
 

Final Disposal plans and applicable discharge limits, including documented approval of the wastewater 
treatment plant. Appropriate documentation is located in Section 2.1.7 of this report. 
 

1.4.4 Contingency Plan  
 

In the event the Leachate Lagoon or the City of Goldsboro Wastewater Treatment Plant (WWTP) 
cannot handle a storm surge, the flow of leachate will be stopped from the MSWLF facility until such a 
time as the leachate can either be recirculated, held in the lagoon or sent to the Goldsboro WWTP.  In 
the case of extreme emergency situations the County will apply for acceptance into a private  
Treatment Plant and they will pump and haul the leachate to the private WWTP. Any abnormal storm 
events can be handled. If any rain or other event requires storage of leachate or storm water in the cell, 
the Division will be notified immediately followed by written communication. 
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1.5 Special Engineering Features 
  

There are no special engineering features. 
 
1.6 Facility Drawings 
 

1.6.1   Title Sheet 
1.6.2   Index and Vicinity Map 
1.6.3   Existing Conditions  
1.6.4   Proposed Subgrade 
1.6.5   Leachate Collection System 
1.6.6   Fill Remaining in Phase 2 
1.6.7   Phase 3 Fill 
1.6.8   Phase 4 Fill 
1.6.9   Phase 5 Fill 
1.6.10 Phase 6 Fill 
1.6.11 Phase 7 Fill 
1.6.12 Final Fill 
1.6.13 Baseline Profile and Cross Sections 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 





























P:\solid waste\G06096 Wayne Co. PTC Ph. 3\documents\G06096-PTC ph.3.doc       lch     4/23/2010    rev. 12/15/2010   Rev.   2/1/2011   Rev. 3/17/11 11 

SECTION 2.0 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

ENGINEERING PLAN 
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2.1 Analysis of the Facility Design 
 
The MSWLF unit shall be located a minimum of 300’ from the property lines, 500’ from existing 
residences/wells, and 50’ from any stream, river or lake, and the post settlement subbase elevation shall be 
prepared a minimum of four feet above the seasonal high groundwater table and bedrock.  The landfill 
subgrade shall be adequately free of organic material and consist of on site soils. 
 
The base liner system consists of a 60 mil HDPE geomembrane liner which is installed above and in direct 
uniform contact with a compacted clay liner. 
 
The alternate liner system consists of a 60 mil. HDPE geomembrane liner which is installed above and in 
direct contact with a geosynthetic clay liner (GCL) and a compacted clay liner.  
 
The County will cap their landfill within 180 days after the final receipt of solid waste. The cap system will 
consist of 12 inches bridging material (temporary cover), 18 inches of soil liner with a permeability no greater 

than 1.0 x 10
-5

 cm/sec, 40 mil. Linear Low Density Polyethylene (LLDPE), drainage layer, 24 inches of 
protective/erosive layer. The cap contains a gas venting system consisting of a series of washed stone 
trenches below the soil liner that will be vented through pipes that penetrate the cap. The cap system will also 
include the proper seeding and mulching of the erosive layer and other erosion control devices. 
 

2.1.1 Base Liner System Standards 
 

The base liner system consists of a geomembrane liner, which is installed above and in direct uniform 
contact with a compacted clay liner. 
 
1. The site shall meet the following design requirements for Landfill subgrade. 

 
The landfill subgrade shall be adequately free of organic material and consist of on site soils. 

 
2. The site shall meet the following material requirements for the Base Liner System: 

 
The soil materials used in construction of the compacted clay liner may consist of on-site sources 
and may posses adequate native properties or may require bentonite conditioning to meet the 
permeability requirement. However, if on-site soils are not available, the off site soils will be used.  
The soil shall be free of particles greater than ¾ inch in dimension. 
 
The compacted clay liner shall be 24 inches (0.61 m) thick with a permeability not to exceed 1.0 x 

10
-7

 cm/sec. 
 

The geomembrane liner material shall be high density polyethylene geomembrane with a thickness 

of 60 mils. which has a demonstrated water vapor transmission rate of not more than 0.03 gm/m
2

 
day. The liner and seaming materials shall have chemical and physical resistance not adversely 
affected by environmental exposure, waste placement and leachate generation. 
 

3. The site shall meet the following material requirements for the Alternate Liner System: 
 

The soil materials used in construction of the compacted clay liner may consist of on-site sources 
and may posses adequate native properties or may require bentonite conditioning to meet the 
permeability requirement. However, if on-site soils are not available, the off site soils will be used.  
The soil shall be free of particles greater than ¾ inch in dimension. 
 
The compacted clay liner shall be 18 inches thick with a permeability not to exceed 1.0 x 10

-5
 

cm/sec and a reinforced GCL. 
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The geomembrane liner material shall be high density polyethylene geomembrane with a thickness 

of 60 mils. which has a demonstrated water vapor transmission rate of not more than 0.03 gm/m2-
day. The liner and seaming materials shall have chemical and physical resistance not adversely 
affected by environmental exposure, waste placement and leachate generation. 
 

  4. The site shall meet the following design requirements for the Leachate Collection System: 
 

The design of the leachate collection system is to have path for leachate to move that does require 
it to flow thru any type of geotextile.  This allows for some redundancy in the system.  The leachate 
is going to follow the path of least resistance to the low point (sump) of the landfill.  The path will be 
vertical or near vertical flow thru the waste to the three feet of protective cover.  Some of the 
leachate will percolate thru the protective cover to the drainage net; however, the largest volume 
will flow along the interface of the protective cover and the in-place waste.  It will flow along this 
interface until the flow is intercepts by a leachate trench where the geotextile has been folded back 
to expose the stone in the trench.  The leachate flows vertically thru the rock to the drainage net.  A 
portion of the flow will be in the drainage net; but, the majority will flow on top of the net thru the 
stone until the flow is deep enough to flow thru the holes in the pipe that is part of the leachate 
collection line.  Once the leachate is deep enough in the trench to flow into the pipe, it will flow in 
the pipe to the sump.  In the times of low flow, this may not happen until the leachate is near or 
reaches the sump.  Once the leachate is in the sump, it will be stored until the pump is 
automatically turned on and the leachate is pumped to the lagoon. 

 
The leachate that is collect in the drainage net will also flow to the sump.  During low flows, the 
drainage net may convey the majority of the liquid until it reaches the sump.  Once it reaches the 
sump, it will flow back thru the geotextile covering the drainage net and fill the sump in the same 
manner as if the leachate flowed thru the stone and/or pipe network. 
 
The critical flow capacity of the system is not for leachate that has flowed thru waste but for storm 
water that has come in contact with waste.  The County landfill is divided into two drainage areas 
with two separate sumps.  Once waste is placed into one of the sumps, the storm water in the 
drainage area becomes leachate because there are no diversions for storm water until the height of 
the waste reaches the surrounding berm height.  Once the waste has reached the surrounding 
berm height, it can be diverted as surface runoff as long as it has not come in contact with waste. 
 
The geometry of the landfill shall control and contain the volume of leachate generated by the 24-
hour, 25-year storm. 
 
The collection pipe along with the drainage net flow capacity shall drain the critical volume of 
leachate generated by the 24-hour, 25-year storm.  
 
The Leachate Collection System includes a pipe network with clean-outs and geotextile and filter 
fabrics. 
 
The Leachate Collection Piping has a minimum nominal diameter of six inches. 
 
The chemical properties of the pipe and all materials used in installation shall not be adversely 
affected by waste placement or leachate generated by the landfill. 
 
The pipe provides adequate structural strength to support the maximum static and dynamic loads 
and stresses imposed by the overlying materials and any equipment used in construction and 
operation of the landfill. 
 
The Geosynthetic filter materials have adequate permeability and soil particle retention, and 
chemical and physical resistance which is not adversely affected by waste placement, and 
overlying material or leachate generated by the landfill.  
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2.1.2 Horizontal Separation Requirements 
 

 1. The MSWLF units are located a minimum of 300' from the property lines. 
 2. The MSWLF units are located a minimum of 500' from existing residences/wells. 
 3. The MSWLF units are located a minimum of 50' from any stream, river, or lake. 

 
2.1.3 Vertical Separation Requirements 

 
Phase 3 has a minimum vertical separation between waste and seasonal high ground water. 
Considering settlement of 1.5 ft. (18 ins.), the waste elevation exceeds the minimum requirement of four 
feet above the seasonal high ground-water table. 
 
2.1.4 Location Coordinates and Survey Control 
 

 Survey control coordinates are shown on the drawings and any additional information required will be 
 furnished upon request. 
 

2.1.5 Sedimentation and Erosion Control Plan 
 
The Sedimentation and Erosion control plan has been completed for the 24-hour, 25-year storm. A 
copy is submitted under Section 2.2.2 of this application. 
 
2.1.6 Cap System Standards 

 
The County will cap their landfill within 180 days after the final receipt of solid waste.  The cap system 
will consist of 12 inches bridging material (temporary cover), 18 inches of soil liner with a permeability 

no greater than 1.0 x 10
-5

 cm/sec, 40 mil. Linear Low Density Polyethylene (LLDPE), drainage layer, 24 
inches of protective/erosive layer.  The cap contains a gas venting system that consists of a series of 
washed stone trenches below the soil liner that will be vented through pipes with membrane boots that 
penetrate the cap. The cap system will also include the proper seeding and mulching of the erosive 
layer and other erosion control devices. 
  
Prior to beginning closure, the County will notify the Division that a notice of the intent to close the unit 
has been placed in the operating record.  The County will begin closure activities no later than thirty 
(30) days after the date on which the landfill receives the final wastes or if the landfill has remaining 
capacity and there is a reasonable likelihood that the landfill 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 County demonstrates that the landfill has the 
capacity to receive additional waste and the County has taken and will continue to take all steps 
necessary to prevent threats to human health and the environment from the closed landfill. 
 
The County will complete closure activities in accordance with the closure plan within 180 days 
following the final receipt of waste.  Extensions of the closure period may be granted by the Division if 
the County demonstrates that closure will, of necessity, take longer than one hundred eighty (180) days 
and the County has taken and will continue to take all steps to prevent threats of human health and 
environment from the enclosed landfill. 
 
Following closure of the landfill, the County will record a notation on the deed to the landfill property and 
notify the Division that the notation has been recorded and a copy has been placed in the operating 
record.  The notation on the deed will in perpetuity notify any potential purchaser of the property that the 
land has been used as a landfill and its use is restricted under the closure plan approved by the 
Division.  The County may request permission from the Division to remove the notation from the deed if 
all waste is removed from the landfill.   
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2.1.7 Leachate Storage Requirements 
 
The County’s existing leachate lagoon was designed and built with a minimum of two feet of freeboard.  
Odor and vector controls are practiced when necessary. A groundwater monitoring system has been 
installed. The lagoon is protected from external damage by an 8’ high chain link fence. 
 
The management of leachate is a major daily operational task.  The generation of leachate should 
always be kept to a minimum.  The leachate that is generated will be pumped to the City of Goldsboro 
Wastewater Treatment Plant.  The leachate is treated according to the pre-treatment agreement with 
the City of Goldsboro,  The reason for this testing is to assure the City that the leachate will not harm 
the biological processes in their treatment facility.   The County also records rainfall events as they 
occur and leachate generation to track the effect rainfall amounts have on the amount of leachate that 
is generated. 
 
The leachate will be collected in the existing double lined lagoon, which will hold approximately 
1,012,029 gallons at 8 feet deep.  The Lagoon is 10 feet deep which allows for 2 feet of free board.  In 
the event that the lagoon fills up faster than it can be pumped by forcemain to the City of Goldsboro 
WWTP, the control valves on the leachate lines can be turned off which will allow the lagoon to be 
drawn down.  Once the leachate levels have been lowered, the valves can be opened.  Leachate will be 
a management problem from the time the garbage is placed in the landfill until long after closure has 
taken place.  Consequently, it is imperative that stormwater be diverted away from any solid waste and 
managed properly. 
 
All stormwater falling outside of the existing lined areas will be diverted away from the lined section 
through the use of diversion berms and ditches.  Stormwater that falls within the lined area but does not 
come in contact with solid waste can be diverted to the perimeter areas of the landfill.  
 
The County will close the leachate lagoon within 180 days after liquid collection has ceased. 
 
All solid waste will be removed from the leachate lagoon, connecting sewer lines, and manholes.  All 
solid waste removed will be properly handled and disposed of according to Federal and State 
requirements. All connecting lines will be disconnected and securely capped or plugged. 
 
All waste residues, contaminated system components (composite liner system), contaminated subsoils, 
structures and equipment contaminated with waste will be removed and appropriately disposed.  If the 
groundwater surrounding the impoundment is contaminated, other corrective actions to remediate a 
contaminant plume will be performed if required by the Division.  If the groundwater, surrounding the 
lagoon is found not to be contaminated, the liner system may remain in place if drained and cleaned to 
remove all traces of waste, and both liners punctured so that drainage is allowed.  The lagoon is to be 
backfilled and re-graded to the surrounding topography.  

 

2.1.8 Existing Landfill Leachate Permit and Flow Data 
 

The County has pumped 2,985,257 gallons of leachate from January 1, 2010 thru October 31, 2010 to 
the City of Goldsboro Waste Water Treatment Plant. 
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2.2 Summary of the Facility Design 
 
Several factors have been looked at in the design and stability of the landfill.  The first is earthwork 
calculations to see if the facility will need to borrow material from another source. For the construction of 
Phase 3 the facility will need 420,898 cubic yards of off-site soil. An additional 68,586 cubic yards will be 
needed for daily cover and an additional 149,919 cubic yards will be needed for closure. An Erosion Control 
plan has been developed and approved by the Land Quality Section of NCDENR, and the calculations are in 
section 2.2.2.   

HELP Model Summary 
 

A Model, “Hydrologic Evaluation of Landfill Performance” (HELP) has been performed to simulate 
precipitation and leachate generation under certain conditions.  The output can be found in Section 2.2.3.  
The analysis is done through the landfill with 8 ft. of solid waste with no runoff for the 1

st
 year of operation and 

with 25 ft. of solid waste with no runoff for the 1
st
 through the 5

th
 year of operation. Simulation was also done 

on a closed landfill. The peak daily head on the liner of 0.372 inches occurs after 1 year of operation with 8 ft. 
of solid waste and no surface runoff.  The peak daily head on the liner for the 1

st
 five years is 0.370 inches.  

The drainage layer (layer 5) is a double bonded 250 mil thick drainage net. 
 

Leachate Collection System Calculations Summary 
 

The leachate collection system consists of a 250 mil double bonded drainage net that is the drainage layer, 
stone filled trenches and collection pipes. The adequacy of the drainage layer is demonstrated in the HELP 
models (see sec.2.2.3). 
 

Calculations have been performed for the Leachate Collection Pipes, and are located in Section 2.2.4.  The 
calculations uses Manning’s equation and the orifice equation to determine the adequacy of the leachate 
piping system to drain the leachate.  The system adequately drains the 24hr 25yr storm.  See calculations in 
section 2.2.4. 
 

Strength of the HDPE leachate pipe calculations have been done and are located in section 2.2.5.  The SDR 
17 HDPE pipe can handle the loads created by at least 250’ of waste.  See section 2.2.5 for calculations. 

 

Liner System Calculation Summary  
 

Several calculations were done for the stress on the textured flexible geomembrane liner during construction. 

The thermal stress on the liner created by the temperature changing 100°F is 0.67% which is well within the 
13% elongation yield limit. (see sec. 2.2.6) The self-weight stress on the textured flexible geomembrane liner 
shows that on a 3:1 slope the total length of slope allowed far exceeds the longest slope design (see sec. 
2.2.6).    
 
The Anchor trench has also been analyzed and the design depth of the Anchor trench is 4.0 ft. which allows 
pullout just prior to liner failure. (see sec. 2.2.6). An analysis of the drainage net for anchor trench 
requirements was analyzed and no anchor trench was required; however, the drainage net will be placed in 
the same anchor trench as the flexible membrane liner.(see sec.2.2.6). 
 

The factor of safety for the sliding of the protective soil cover was analyzed showing a factor of safety greater 
than 1 for the interface between the soil and double bonded drainage net. (see sec. 2.2.6). The stresses due 
to the placement of protective cover were also analyzed (see sec. 2.2.6). Soil placed on the 3:1 embankment 
50 ft. high does not effect the drainage net or the liner. The soil is buttressed enough at the base to have a 
negative effect on the slopes. 
 

The geotechnical evaluation report by ECS, Ltd. states that the proposed plan is suitable and falls within 
acceptable safety factors.  The report is located in Section 2.2.8. 
 
 
 
 



P:\solid waste\G06096 Wayne Co. PTC Ph. 3\documents\G06096-PTC ph.3.doc       lch     4/23/2010    rev. 12/15/2010   Rev.   2/1/2011   Rev. 3/17/11 41 

 
2.2.1 Earthwork Calculations 

 

Required soil for: 
 

*Subbase preparation Phase 3:   336,282 cubic yards 
*Composite Liner System Phase 3:     65,094 cubic yards  
*Protective Cover Phase 3:    100,922 cubic yards  
 

Total Soil required 
 for Construction Phase 3:    502,298 cubic yards  
  

Required soil for: 
 

Daily Cover Phase 3:      60,210 cubic yards 
Closure System Phase 3:    152,460 cubic yards 
   
Total Soil required 
To build, operate and close Phase 3:  714,968 cubic yards  
  
*Determined by AutoCADD computer program. 
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2.2.2 Erosion Control 
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REVISION TO APROVED 

EROSION CONTROL PLAN 
 

 
 

FOR 

 

WAYNE COUNTY 

MUNICIPAL SOLID WASTE LANDFILL 

FACILITY 

PHASE 3 

 

DUDLEY, NORTH CAROLINA 

 

G06096 
 
 
 
 
 

March 2009 
 
 
 
 
 
 
 
 

Prepared by: 
Municipal Engineering Services Co., PA 

Garner, NC ����  Boone, NC ����  Morehead City, NC 
Phone: (919)772-5393   Fax: (919)773-1176 
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DRAINAGE/DISTURBED   AREAS  
 

Stage 1 
(Clearing and Grubbing) 

 
Drainage/ Disturbed Areas 

Area Designation Acres            C factor  
 
   DA1   8.94  0.45  Drainage 
   DA2   3.79  0.25  Drainage 
   DA3   12.33  0.45  Re-Disturbed 
   DA4   3.12  0.25  Re-Disturbed 
   DA5   22.82  0.35  Re-Disturbed 
   DA6   6.39  0.35  Drainage  

P1   0.88  0.35  Drainage/Disturbed 
P2   1.08  0.35  Drainage/Disturbed 

           
Stage 2  

(Landfill Construction) 
 

Drainage/ Disturbed Areas 
 Area Designation          Area (ac.) C factor 

 
   ST1      2.38  0.45   Drainage/Disturbed 
   ST2      0.49   0.45  Drainage/Disturbed 
    

 
Total Disturbed 

41.23 acres 
(38.27 acres disturbed in previously approved plan 

 and 2.96 acres newly disturbed in this plan) 
 

Runoff Coefficient 
NC Erosion Control Manual Table 8.03b 

C = varies (see above) 
 

Rainfall Intensity 
 

NC Erosion Control Manual Fig. 8.03c 
Rainfall Intensity Chart for Raleigh 

 
I = 6.19  

 

 
 
 
 
 

 

USE 

6.19 
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STAGE 1   CALCULATIONS 
(Clearing and Grubbing) 

 
Check Existing Riser Basin 1 

 
Disturbed/Drainage area to Basin 1 

    
Area Designation Acres              C factor  

 
   DA1   8.94   0.45   
   DA2   3.79   0.25   
   DA3   12.33   0.45   
   DA4   3.12   0.25   
   DA5   22.82   0.35    
   DA6   6.39   0.35   
      57.39 
              

Find Composite C: 
 

      8.94 x 0.45  = 4.02 
    3.79 x 0.25  = 0.95 
  12.33 x 0.45  = 5.55 
       3.12 x 0.25  = 0.78 
    22.82 x 0.25  = 7.99 
    6.39 x 0.35  = 1.19  
        20.48 

    
Combined C factor  ÷ acreage = Composite C = 20.48  ÷ 57.39  =  0.36 = Composite C 
 

Q(25) = CIA= (.36)(6.19)(57.39) = 127.89 cfs  

 
 Storage Capacity: 
   

Capacity needed is 1800 ft3/acre(disturbed) 

  Capacity = (1800)(38.27) = 68,886 ft3 
   
 Due to the location and the shape of the basin the average end method of calculating the storage of 
 the basin is as follows: 
 
                   Exist. bottom area at elevation      138  =  12,247 
 Exist. Spillway area at elevation 140  =  53,711   
  
 therefore: 

    12,247 + 53,711 = 65,958 ÷ 2 = (32,979)(2’)  =  65,958 ft
3
 

   
     Storage volume Required  = 68,886 cubic feet 

               Provided  = 65,958 cubic feet 
 

 The actual storage capacity of the basin is not adequate to contain the runoff. Therefore,  the 
 basin shall be enlarged as shown on the plans. The total square feet of contour elevation 140 will be 
 increased to 61,263 square feet.   
 
 This gives a Storage Volume Provided = 73,510 cubic feet, which is adequate to contain runoff. 
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Check existing Emergency Spillway for Existing Basin #1: 
 

  Given:   18’ wide 
     3:1 side slope 
     1.5’ depth 
 
  Required Flow: Q25 = 127.89cfs 

 

  n = 0.03   

  B = 18.00    

  S = 0.005   

  Y = 1.5   

  M = 3   

  Depth = 1.5   

      

 W = 27    

 R = 1.227861 R value   

 Q = 135.5467 Flow   

 A = 33.75 Adjusted Area of flow  

 P = 27.48683 Adjusted Wetted Perimeter 

      

 V = 4.016199  Va =5.0  
  
 The Spillway is adequate to control emergency flow. 
 
 

Design Culvert  #1 : 
 

Area Draining Into Proposed Culvert #1  
 

P1 and P2 = 1.96 acs. 
i = 6.19 in/hr 

C = 0.35 
 
 

Q(10) = CiA = (0.35)(6.19)(1.96) = 4.25 cfs 
 

Size pipe for driveway: 
 

D = 16[Qn÷√s]
.375

 =  
 

D = 16[(4.25)(.013)÷ √.01]
.375 

= 12.81” required 
 

Use 18” RCP 
 
 

Outlet Protection:  
(sized for 10 cfs min.) 

 
L = 10' W = 11.5’   d50 = 6"    13.5" min. thickness 
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STAGE 2   CALCULATIONS 
(Landfill Construction) 

 

DESIGN SEDIMENT TRAP #1 
 

Areas Draining Into Sediment Trap  #1 
 

  Area Designation Acres              C factor  Intensity 
 

  ST1   2.38  0.45    6.19 
  

Q(25) = CIA= (.45)(6.19)(2.38) = 6.63 cfs  

  
 Surface Area Required:      435sq.ft./Peak cfs 
 

  Surface area S = 435(6.63) = 2884 sq.ft. 
  

 Storage Capacity: 
   

Capacity needed is 3600 ft3/acre(disturbed) 

  Capacity = (3600)(2.38) = 8568 ft3 
   

 Due to the location and the shape of the basin the average end method of calculating the storage of 
 the basin is as follows: 
 

                      bottom area        138.5  =  4,416 
 Spillway   140     =  7,815 
  

 therefore:  

  4416 + 7815 = 12,231 ÷ 2 = (6115.5)(1.5’)=    9,173 ft
3
 

   
     Storage volume required  =   8,568 cubic feet 

            Provided  =   9,173 cubic feet 
 

 The actual storage capacity of the basin is adequate to contain the runoff. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



P:\solid waste\G06096 Wayne Co. PTC Ph. 3\documents\G06096-PTC ph.3.doc       lch     4/23/2010    rev. 12/15/2010   Rev.   2/1/2011   Rev. 3/17/11 53 

Emergency Spillway:    
 

Must pass 25-year storm:     6.63 cfs 
 
Use:   6’ wide Spillway 3:1 Side Slope 18’ Top Width 

 
  n = 0.03 6” stone   

  B = 6.00     

  S = 0.005    

  Y = 2    

  M = 3    

  Depth = 2    

 W = 18     

 R = 1.286925 
R 
value    

 Q = 99.45559 Flow    

 A = 24 Adjusted Area of flow   

 P = 18.64911 Adjusted Wetted Perimeter  

 V = 4.143983  Va =8.0   

 Shear Stress 0.624  2.0 max = 6” stone  

      
  
 Elevations: 

  Top of Berm    142.0' 
  Emergency Spillway   140.0' 
  Bottom Elevation   138.5 
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DESIGN SEDIMENT BASIN #1 
 

Areas Draining Into Sediment Basin  #1 
 

    
Area Designation Acres              C factor  Intensity 

 
   ST2   4.49  0.45  6.19 
   DA6   6.39  0.35  6.19 
      10.88 

    
     Find Composite C: 

 
      4.49 x 0.45  = 2.02 
    6.39 x 0.35  = 2.24  
         4.26 

    
 Combined C factor  ÷ acreage = Composite C = 4.26  ÷ 10.88  =  0.39 = Composite C 

 
 

Q(25) = CIA= (.39)(6.19)(10.88) = 26.27 cfs  

 
 
 Surface Area Required:      435sq.ft./Peak cfs 
 
  Surface area S = 435(26.27) = 11,428 sq.ft. 
  
 Storage Capacity: 
   

Capacity needed is 1800 ft3/acre 

  Capacity = (1800)(10.88) = 19,584 ft3 
   
 
 Due to the location and the shape of the basin the average end method of calculating   the 
storage of the basin is as follows: 
 
                      bottom area        148  =  12,369 
    150  =  25,902 
 Spillway   152  =  40,349 
  
 therefore:  

  12369 + 25902 = 38,271 ÷ 2 = (19135.5)(2’)=       38,271 ft
3 

  25902 + 40349 = 66,251 ÷ 2 = (33125.5)(2’)=      66,251 ft
3
 

       104,522 ft
3
 

   
     Storage volume required  =     19,584 cubic feet 

            Provided  =   104,522 cubic feet 
 

 The actual storage capacity of the basin is adequate to contain the runoff. 
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Principal spillway barrel size: 
 
  Size for a 25 year storm: 
   C = 0.39 (composite C)  
    I = 6.19 
   A = 10.88 acres (total drainage area) 
   

Q(25) = CIA= (0.39)(6.19)(10.88) = 26.27 cfs  

 
Q = 26.27 cfs n = .024   s = .015 

 

  D = 16 (Q n ÷√s).375 Use  corrugated metal pipe 

  D = 16[(26.27)(.024)÷√.015].375 = 29.58"  Use 30” CMP  
 
 Outlet Protection 
  L = 18' W = 20.5’   d50 = 9"   20.25" min. thickness    

  
 Riser pipe for Principal spillway: 
  1.5 times the diameter of the barrel = 44.37”  Use 48” CMP 
  

Footing for riser pipe: 
 
 Given  :        r = 2.0’        h = 3.5’ 

  Weight of water: πr2h(62.4) = 2,745 

  Concrete: 150 lbs per ft3  

  18.3 ft3 of concrete needed 

  Use 25 ft3 of concrete  
  1' x 5' x 5' footing 
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Skimmer:   Use skimmer designed with 3” orifice diameter. (Determined by using 
chart  below found in NC Erosion Control Manual) Based on Basin Volume of 19,584 
cubic feet and 1 day dewatering time. 

 
 

Emergency Spillway:    
 

Must pass 25-year storm:     26.27 cfs 
 
Use:   12’ wide Spillway 3:1 Side Slope 24’ Top Width 
 

  n = 0.03 6” stone   

  B = 12.00     

  S = 0.005    

  Y = 2    

  M = 3    

  Depth = 2    

       

 W = 24     

 R = 1.460499 R value    

 Q = 162.3127 Flow    

 A = 36 Adjusted Area of flow   

 P = 24.64911 Adjusted Wetted Perimeter  

       

 V = 4.508687  Va =5.0   

       
 Shear Stress = 0.624 2.00 max 6” stone 

 
 Elevations: 
  Top of Berm    154.0' 
  Emergency Spillway   152.0' 
  Riser Crest    151.5’ 
  Barrel Inlet    148.0' 
  Barrel Outlet    147.5' 
  Bottom Elevation   148.0' 
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Design Diversion Ditch  #1 : 
 

Areas Draining Into Diversion Ditch  #1 
 

  Area Designation Acres              C factor  Intensity 
 
  P2   1.08  0.45    6.19 

    
 

Q(25) = CIA= (.45)(6.19)(1.08) = 3.01 cfs  

       

  n = 0.03 grass lined  

  B = 0.00     

  S = 0.018    

  Y = 1    

  M = 3    

  Depth = 1    

       

 W = 6     

 R = 0.474342 
R 
value    

 Q = 12.12595 Flow    

 A = 3 
Adjusted Area of 
flow   

 P = 6.324555 Adjusted Wetted Perimeter  

       

 V = 4.041985  Va =5.0 Allowable Grass lined channels 

       

 Shear Stress 1.1232  0-.45 jute netting 

    .46-1.45 straw with net 

    1.45-2.00 synthetic mat 
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Reference Materials 
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Drainage/Disturbed Areas 
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Drainage/Disturbed Areas 
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2.2.3 HELP Model 
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INSERT FIRST HELP MODEL  
STANDARD LINER SYSTEM (Alt. 1) 

PHASE 3 OPEN 1
st
 YEAR 
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INSERT SECOND HELP MODEL  
STANDARD LINER SYSTEM (Alt. 1) 

PHASE 3 OPEN 5 YEARS w/25 FT. OF SOLID WASTE 
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INSERT FINAL HELP MODEL  

STANDARD LINER SYSTEM (Alt. 1) 
PHASE 3 CLOSED 
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INSERT FIRST HELP MODEL  
ALTERNATE LINER SYSTEM (Alt. 2) 

PHASE 3 OPEN 1
st
 YEAR 
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INSERT SECOND HELP MODEL  
ALTERNATE LINER SYSTEM (Alt. 2) 

PHASE 3 OPEN 5 YEARS w/25 FT. OF SOLID WASTE 
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INSERT FINAL HELP MODEL  
ALTERNATE LINER SYSTEM (Alt. 2) 

PHASE 3 CLOSED 
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 2.2.4 Leachate Collection System Design Calculations 
 
Initial Calculations 

 
25 yr.  24 hr. Storm = 7.24" (NOAA Website) 
 
Lagoon storage capacity = 1,012,029 gallons 
 
Based on the HELP Model with the conservative waste characteristics (Texture No. 19), the 
average monthly flows collected from layer 4 for a 5 year period on a per acre basis are as 
follows: 
 
 Sample Calculation = in. from layer 4/12 in./ft. x 43,560 ft.

2
/acre x 7.48 gals/ft.

3
 = gals./acre 

 
 1. January  = 50,375 gallons/acre 
 2. February = 51,342 gallons/acre 
 3. March  =  37,125 gallons/acre 
 4. April  =  24,519 gallons/acre 
 5. May   =  17,285 gallons/acre 
 6. June  =           16,063 gallons/acre 
 7. July   =  19,463 gallons/acre 
 8. August  =  45,391 gallons/acre 
 9. September  =  62,060 gallons/acre 
 10. October  =  26,189 gallons/acre 
 11. November  =  25,341 gallons/acre 
 12. December  = 22,588 gallons/acre 
   Total  =         397,741 gallons/acre  

 
Annual Flow based on 20 acres = 7,954,820 gallons 
 

The lagoon holds 1,012,029 gallons of leachate. The HELP Model predicts 7,954,820 gallons of 
leachate per year for Phase 3 only.  Wayne Co. reports that they have pumped 2,985,257 gallons 
between January 1, 2010 and October 31, 2010 from Phase 1 and 2 which are as large as Phase 
3.  The annual total would be 3,582,308.  The pump station can pump at a minimum 288,000 
gallons per day; consequently, the lagoon can be emptied in approximately 3.5 days.  The annual 
total from Phases 1, 2, and 3, including the flow anticipated by the HELP Model, is 11,537,128 
gallons or approximately 11.4 lagoons full of leachate.  It will take approximately 40 days of 
pumping to empty the total flow from Phases 1 and 2 and what is anticipated from 3. 
 
It is obvious that the actual flow is much less than the anticipated flow (HELP Model).  Phases 1 
and 2 combined have generated approximately one half on the leachate that is anticipated from 
Phase 3 thru the HELP Model.  Phases 1 and 2 cover twice the acreage than Phase 3. This is the 
reason that the leachate lagoon is always virtually empty.  

 
Leachate Collection System Components 

 
  Leachate lagoon 

 
  Pipe and rock surrounding it  
      
  Pumps 
 

Drainage net    
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System Performance 
 
Assume a  annual worst case scenario for lagoon storage of 3,582,308 gals from Phases 1 and 2, 
the HELP model predicted flow for the entire landfill and one 25 yr. storm over half of the landfill 
with no waste. 
 
The largest area with no garbage will be approximately 10.0 acres which is approx. ½  of Phase 
2.. 
 

Q25 = (10 ac)(43,560 sq.ft./ac)(7.24”/12”)(7.48 gal/cu.ft.) = 1,965,834 gal./day 

Q25 = 81,910 gal./hr. 

   
Lagoon size without the 2 feet of freeboard = 1,012,029 gallons 
 
The annual worst case scenario for the lagoon is 3,582,308 from Phases 1 & 2, 
7,954,820 gallons predicted for Phase 3 and 1,965,834 gallons from a onetime storm 
event.  The total flow into the lagoon for this scenario is 13,502,962 gallons. 

 

∴  Lagoon will hold 1,012,029 and would have to be emptied 13.3 times in the year of the worst 
case scenario.  There is no maximum flow restriction from the Goldsboro WWTP and the pumps 
from the lagoon to the plant can pump a minimum of 200 gpm.  If the pump station was run 
twenty four hours a day, 7 days a week and 52 weeks a year, it could pump 104,832,000 gallons 
in one year.  Consequently, this system has considerable unused capacity. 

 
Flow Through the Rock in the Leachate trench  

 
Darcy’s Law 

Q = kiA 
 

Q= flow thru the stone 
k = hydraulic conductivity of the stone 

i = hydraulic gradient 
A = area over which flow occurs 

 
 

For vertical Flow: 
i = (h + D)/D 

h = leachate head over stone 
D = thickness of the stone 

 
For Horizontal Flow: 
i = Diff head/length 

  
 25 yr. 24 hr. storm = 7.24" 
 
  Assume no evaporation or soil retained water: 
  - everything is runoff 

- assume 7.24" rainfall in 24 hours. 

 ∴  24.0 acres lined x 43560 ft2/acres x 7.24"/12" 

  = 630,749 ft3  x 7.48 gal/ft
3
 = 4,718,003 gpd. 

  = 3,276 gpm 
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Vertical Flow in the Rock 
 

What is the required hydraulic conductivity (k) of trench is required to allow the 25 yr. storm to 
flow through the rock at the surface of the protective cover in 24 hours? 

 
k= Q/iA 

 
Total length of leachate trench available is 8,462 ft. and it is 2 ft. wide. 

  
.  Q = 630,749 ft

3
/day 

  A = 8,462 ft. x 2 ft. = 16,924 ft.
2 

  I = (0 + 3)/3 = 1 
 
 Required k = 630,749/16,924 = 37.27 ft./day = 0.002 in/sec 
 
  Permeability of stone in trench is approximately = 0.04 in/sec 
   
   Factor of Safety = 20  
 
 Flow (Q) for 8,462 ft. of trench 2 ft. wide with a k = 0.04 in./sec. 
 
   Q = 0.04 in,/sec/12in./ft. x 16,924 ft.

2
 x 1 = 56.41 cfs = 36,458,358 gpd 

 
Horizontal Flow in the Rock 

 
Flow thru a leachate trench 2 ft. by 3 ft. with a 2% slope and a k = 0.04 in./sec. 

 
Q= 0.04/12 x 2/100/100 x 6 = 0.04 ft

3
./sec = 25,900 gpd 

 
 

The horizontal flow thru the stone is restrictive; therefore, high flow will flow into the perforations 
of the pipes to the sump. 

 
Flow in the Pipe 

   
 
  r = Radius, a = 1.0' Head 
 

  C = r - rCos40° + 2" 
 

  BC = r -rCos80° + 2" 
 
  C6 = 2.70" BC6 = 4.48" 

  C8 = 2.94" BC8 = 5.31" 
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∴ Head on the 40° perforation @ 1.0 overall head on liner: 
 (6") = 12"-  2.70" = 9.30" 
 (8") = 12" - 2.94" = 9.06" 
 
 

∴ Head on the 80° perforation @ 1.0 overall head on liner: 
 (6") = 12"-  4.48" = 7.52" 
 (8") = 12" - 5.31" = 6.69" 
 
Use the orifice equation to determine the flow into the holes w/ 1.0' of head on the liner. 
 

 Q = CA √(2gh)  where:  C = 0.95 A = 0.0014ft2 g = 32.2 ft/sec. H = head (ft.)    
       Q = cfs 
Q40°

 

 Q6 = 0.95(0.0014) √ (2(32.2)((12-2.70)÷12)   =   0.0094 cfs 

 Q8 = 0.95(0.0014) √ (2(32.2)((12-2.94)÷12)   =   0.0093 cfs 

 

Q80°
 

 Q6 = 0.95(0.0014) √ (2(32.2)((12-4.48)÷12)   =   0.0084 cfs 

 Q8 = 0.95(0.0014) √ (2(32.2)((12-5.31)÷12)   =   0.0080 cfs 

  
Flow per foot of 6" leachate line: 
  4(0.0094) + 4(0.0084) = .0712 cfs 
 
Flow per foot of 8" leachate line: 
  4(0.0093) + 4(0.0080) = .0692 cfs 
 
Worst case scenario for entire 20 acres is the 25 year storm with no waste. 
 
   The 25 yr. 24 hr storm is  525,624 ft.

3
/day = 4.29 cfs: 

 
  The length of 6 inch line required = 4.29 cfs/0.0712 cfs/ft. = 60 ft. 
 
  The length of 8 inch line required = 4.29 cfs/0.0692 cfs/ft. = 62 ft.  
 

It would take 60 ft. of 6 inch line or 62 ft. of 8 in. to empty the landfill from the 25 yr 24 
hr. storm in one day.  There is a total of 8,462 ft. of perforated pipe in the landfill.  
This is more than ample pipe to drain all leachate generated. 

   
 Assume worst case scenario: 
 

7.24" rain on 10.0 acres and nothing is discharged from the landfill until rain has stopped. 
 

  ∴ Volume of water retained  = 7.24/12 x 10.0 x 43,560 

                                                    = 262,812 ft3 
                                                    = 1,965,833 gallons 
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The most restrictive component in the system other than the pump is the 8” leachate line at 
the lowest point which is designed w/ a slope of 2%. Consequently, the maximum water that 
can be discharged through this pipe is:  

 
Maximum Flow Through 8” pipe @2% (Manning’s Equation) 

 
  n = 0.009 s = 0.02 ft/ft A= 0.3110 ft

2
        P= 1.9774 ft R = A/P 

 
  Q = 1.486 (AR

2/3
s

1/2
)             

       n         
  Q = 1.486 (.3110)(.1573)

2/3
(.02)

1/2
             

    0.009     
      

Q = 2.12 cfs  =  950 gpm 
 

  Volume to Discharge = 1,965,833 gals. 
 

   1,965,833 gals ÷ 950 gpm  = 2,069 min.   = 34.5 hours 
 

This is an extreme condition that cannot happen because the storm event would be discharged 
as it was occurring and not after it happened. 

 
Pump Design 

 
Minimum Pump Flow = 75 gpm @ approximately 20 ft. TDH 

 
Worst case scenario is the 25 yr. 24 hr. storm w/ no runoff and no water retained within waste. 

There are two sumps within the landfill and the most that can affect one pump is 10 acres. 
 

25 yr. 24 hr. storm over 10 acres generates   ft.
3 
= 1,965,834 gals. 

 
It will take the pump 18.2 days to pump the water out from the 25 yr. storm. 

 
It will easily handle the flow predicted by the HELP Model, which is approx. 8,000,000 gals. annually. 

 
Divide the flow into two parts it is 4,000,000 annually = 16 gpm and the pump will remove 75 gpm. 

 
The Peak Daily Flow predicted by the HELP Model for years 1 thru 5 is 0.65 ins./acre. 

10 acres x 43,560 ft.
2
/acre x 0.65 ins/12 ins./ft. x 7.48 gals/ft.

3
 = 176,491 gals. 

 

The pump station will remove the peak flow predicted by the HELP Model in 16.3 hrs. 
 

Drainage Net and Geotextiles 
 

The non-woven geotextiles that are used in the landfill are there to protect drainage devices such as 
the stone around the leachate piping from sedimentation.  They are not intended to act as any filter 
under waste because filters will eventually become clogged with whatever they are filtering from the 
liquid.  The fabric around the stone is a light weight fabric with an Apparent Opening Size (AOS) of 70 
mm. that will allow water to pass thru it but filter out sediment that is carried by the runoff within the 
landfill prior to waste being place over the trench.  The fabric is folded back so that waste is indirect 
contact with the stone in the trench and/or sump.  Leachate that would flow thru the protective cover 
will not be carrying sediments because it will not have the scouring velocity to do so; consequently, 
this liquid can pass thru either the side of the leachate trench geotextile or the drainage net on the 
bottom of the landfill.  
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The drainage net is a minimum of  250 mil.  The Peak daily Value of maximum head on the liner for 
years 1 thru 5 as predicted by the HELP Model is 0.456 inches.   The maximum allowable head is 1.0 
ft.  The minimum transmissivity of the composite geonet is 3.0 x 10

-5
 m

2
/sec and using Darcy’s Law: 

 
Transmissivity (o) = permeability (k) x saturated thickness (t) 

 
Darcy’s Law 

 
Q= k I A  

A = t x 1 ft. unit width 
 

Q = o/t x i x t 
 

Q = o x i 
  

Q = 0.00003 m
2/
sec x 10.764 ft

2
/m

2
 x 2ft./100.ft./100 ft.(2% slope for 100 ft.) 

= 0.0006 ft.
3
/sec./ft. 

 
 
 

Peak daily Flow from HELP Model = 47,190 ft
3 

 
Drainage net 1 ft. wide 100 ft. long on a slope of 2% will take 78,650,000 seconds = 910 days to drain 
the Peak Day.  The entire landfill of 20 acres is covered with the composite drainage net, which is 
more than adequate to drain the peak flow predicted by the HELP Model.  It would take just over 910 
ft. of the drainage net to handle the peak daily flow in less than a day.  The only liquid that will reach 
the drainage net has to permeate thru the soil cover.  The other areas the liquid will flow in other parts 
of the leachate collection system.  They are adequate to handle a 25 yr. 24 hr. storm event. 
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2.2.5 Strength of Pipe 
 

 
Select the appropriate soil modulus Es (psi).  For crushed rock bedding use 3000 psi. 
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Maximum allowable safe deflection for flexible polyethylene pipe w/DR 17 is 5%. 
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Maximum allowable safe deflection for flexible polyethylene pipe w/DR 17 is 5%. 
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Maximum allowable safe deflection for flexible polyethylene pipe w/DR 17 is 5%. 
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2.2.6 Base Liner Calculations 
 
Reference: Designing w/ Geosynthetics  Robert M. Koerner 
 
Tallow = Fu + FL + 2Fat  

Tallow = σallow t  

σallow = the mobilized allowable geomembrane stress  =  σult÷FS 
FS = Factor of Safety 
t  = Geomembrane Thickness 

 Fu = the friction force above geomembrane(assumed to be negligible, since the cover soil 
probably moves along with the liner as it deforms) 

q  = the surcharge pressure = dcsγcs 
dcs = the depth of cover soil 

γcs = the unit weight of cover soil 

δ  = the friction angle between geomembrane and soil or geomembrane and drainage net 
LRO = length of runout 

FAT = (σh)ave tan δ(dat) 

σh = the average horizontal stress in anchor trench = K0σv 

σv = γHave 

γ  = the unit weight of backfill soil 
Have = the average depth of anchor trench (requires an estimate) 

K0 = 1-sinφ 

φ  = the angle of shearing resistance of backfill soil 
dat = the (unknown) depth of anchor trench 
 
Allowable Stress in Liner 

 

Tallow = σallowt 

σallow = σult/FS 

σult = 2,100 psi (from N.S.F. 54) 
 

σallow =  σult÷FS  = 2,100 psi ÷ 1.0 

∴Tallow  = 2,100 psi x 0.06 in. 
  = 126 lbs/in. 
  = 1,512 lbs/ft. 
 
Compute Forces below Liner (FL) 

 

FL = qtanδ(Lro) 
Lro = 3.0 ft. 
dcs = 3.0 ft. 

γcs = 110 pcf 

δ  = 25° textured liner 
 

q  = dcsγcs 
  = (3.0)(110) 
  = 330 lbs/ft

2
 

 

∴ FL  = (330)tan 25° (3.0) 
  = 461.64 lbs/ft. 
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Compute Forces Due to Anchor Trench (Fat) 
 

Fat = (σh)ave tan δ (dat) 

  = (1-sinφ)(γ)(Have)tan δ (dat) 

φ  = 30° 

γ  = 110 lbs/ft
3
 

Have = 5 ft. 

δ  = 25° 
 

∴Fat = (1-sin30°)(110 lbs/ft
3
)(5ft)(tan25°)(dat) 

  = 128.23dat 
   
Compute Required Anchor Trench Depth for FML 

 

Tallow = Fu + Fc + 2Fat 
 

1512 lbs/ft = 0 + 461.64 lbs/ft. + 2(128.23 dat) 

∴ dat = (1512.00-461.64)÷256.46 
  = 4.10ft  provide maximum 4.0 ft. deep anchor trench because the liner will fail before   
pull out if it exceeds 4.10 ft. 
 

Check Anchor Trench for Drainage Net 
 

Tallow = 75 lbs/in tensile strength per SKAPS Industries Transnet 270-2-7.1   F.S. = 1.3 
  = 75 lbs./in /1.3 = 58 lbs/in 
  = 696 lbs/ft. 
 

Compute Forces Below Drainage Net (FL) 
 

FL  = q tan δ(Lro) 

δ = 24° Friction angle between textured liner and double bonded geonet. 

   q = dγ = 3'(110lbs/ft
3
) 

= (3.0)(110)(tan24°)(3.0) 
 = 440.78 lbs/ft. 

 

Compute Forces Due to Anchor Trench 
 

Fat = (1-sin30°)(110)(5)(tan24°)(dat) 
 = 122.44 dat 
 

Compute Required Anchor Trench 
 

696 lbs./ft. = 0 + 440.78 lbs./ft. +122.24dat 

      ∴∴∴∴ dat = 2.09 ft. 
 

Note: The drainage net will be anchored in F.M.L. anchor trench @ 4.00 ft. 
 

Check Sliding Forces of Soil Cover 
 

F.S. = (tanδ)÷(tanβ) 

δ   = Friction Angle = 26° for soil to double bonded geonet 

β   = Slope Angle = 3:1 slope = 18.418° 
 

F.S. = (tanδ)÷(tanβ) 

    = (tan 26°)÷(tan18.418°) 

    = 1.46 > 1 ∴∴∴∴ O.K. 
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Check Stress Due to Placement of Protective Cover 
 

Ref: Giroud and Beech (1989) 
 

T = (γpΖ
2

p ÷ sin 2β)[((2Hpcosβ÷Ζp)-1)((sin(β-φcm)÷cosφcm)-(sinφpm÷cos(β+φpm))] 
 

T = Tension generated by placement of Cover (lbs/in width) 

γp = unit weight of protective cover (lbs/in
3
) 

Ζp = thickness of protective cover (in.) 

β = Slope angle of the liner (degrees) 
Hp = Vertical height of protective cover (in.) 

φcm = Critical mobilized interface friction angle of liner (degrees) = 26° 

φpm = mobilized internal friction angle of protective cover (degs.) = 30° 
 
  Assume worst case of 50 ft deep on a 3:1 slope with a factor of safety of 1.3 
 

   φcm = φc÷F.S. = 26°÷1.3 = 20° 

   φpm = φp÷F.S. = 30°÷1.3 = 23.1° 

   γp = 0.0637 lbs/in
3
. 

   Ζp = 36 in. 

   β = 18.418° (for 3:1 slope) 
   Hp = 600 in. 
 

T = (0.0637x36
2
) ÷ sin (2)18.418°)[((2x600cos18.418°÷36)-1)((sin(18.418°-  

       20.0°)÷cos20.0°)-(sin23.1°÷cos(18.418°+23.1°))] 
 
T = 137.70[(30.63)(-0.03)-0.52] 
 = 137.70(-092) - 0.52 

 = -127.20 lb/in. <<<< Tallow 50 ft. 3:1 Embankment O.K. 
 
Conclusion: Highest and steepest slope can have protective cover installed  

  during the construction of the cell. Therefore, any of the other 
  slopes will be o.k. 
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Self-Weight Stress during Construction 
 

Tensile stress due to self-weight of the Smooth 60mil HDPE liner 
 

 T  = γ x H x L x (sinβ - cosβtanδ)  
 

T = Tension due to self-weight (lbs/in.) 
 H = thickness of liner system component (in.) 

 L = length of liner system component (in.) 

 β = Slope angle of the liner (degrees) 

 δ = critical interface friction angle of liner system 

 γ = unit weight of liner system component (lbs/in
3
) 

 W = weight per square area of membrane (lbs/in
2
) 

 

   Assume worst condition: 
   The length of the liner on a 3:1 slope that would induce failure in the liner. 
     

 T = Fp = 126 lbs/in 
 

 Solve for L (Length) 
 

 L = T ÷ (γ x H x (sinβ-cosβtanδ)) 

 γ = W x .06 in = 0.00012 lbs/in
3
 

 H = 0.06 in. (60mil Smooth HDPE) 

 β = 18.418° (for 3:1 slope) 

 δ = 17°  
 

 L = 126 ÷((0.00012x0.06(sin18.418°-cos18.418°tan17°)) 
 

  = 67,628 in. 
 

  = 5,636ft. far exceeds any requirement 
 

  ∴∴∴∴Self Weight stress is O.K. 
 

Thermal Stress during Construction  
 

 ε  =  ∆L ÷ L  =  Strain 

 ε     =  Strain in the liner system (percent) 

 ∆L  =  Change in length of liner due to change in temperature 
 L    =  Length of liner before temperature change 

 ∆L  =  (α)L(∆T) 

 α    =  Coefficient of liner thermal expansion (°F
-1

) 

 ∆L  =  Change in length of liner due to change in temperature 

 ∆T  =  Change in Temperature (°F°) 
 

Assume: 
 

 α    =  Coefficient of liner thermal expansion (°F
-1

) = 6.7x10
-5

 °F 
-1

 

 ∆T  =  100°F  Conservative assumption 
 L    =  1 ft. 

 ε  =  αL∆T ÷ L 

  =  α∆T 
  =  0.0067 ft.  or 0.67% 

 
Allowable elongation @ yield = 13% 

∴∴∴∴allowable >>>> design thermal stress o.k. 
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2.2.7 Alternate Base Liner Calculations 
 
Geosynthetic Clay Liner (GCL) Calculations 
Ref: CETCO Design Manual Technical Notes 5 and 6 
 
FS = factor of safety 
T  = the allowable long-term tensile strength in the layer above the critical  
                    surface being analyzed. 
L  = the slope length. 
S  = the shear strength along the surface being analyzed. 

β  = slope angle (degrees). 

γ  = the unit weight of cover soil 
         z  = the thickness of the cover soil layer. 

φ  = the internal or interface friction angle along the surface being analyzed. 
C  = the apparent cohesion along the surface being analyzed. 
 

      FS = [(T÷L) + S]                                  S = (γ)(z)(cos β)(tan φ) + C 

             [(z)(γ)(sin β)] 
 

Check interface between cohesive soil liner and Bentomat (Reinforced GCL): 
 

φ = 13.5°                                       C = 500 lbs./ft
2
 

γ = 110 lbs./ft
3                                                                                 

T = 90 lbs./ft.
 

z = 3 ft.                                                     L = 150 ft. 

β = 18.4° (3:1 slopes) 
 

∴S = (110)(3)(0.9489)(0.2401) + 500 
   S = 575.18 lbs/ft

2
  

 

∴FS = (90 ÷ 150) + 575.18 

             (3)(110)(sin 18.4°) 
 
FS = 5.53 OK    
 
Check interface between Bentomat (Reinforced GCL) and 60 mil Textured HDPE Liner: 
 

      FS = [(T÷L) + S]                                               S = (γ)(z)(cos β)(tan φ) + C 

             [(z)(γ)(sin β)] 
 

φ = 13°                                        C = 200 lbs./ft
2
 

γ = 110 lbs./ft
3                                                                                 

T = 1,512 lbs./ft.
 

z = 3 ft.                                                     L = 150 ft. 

β = 18.4° (3:1 slopes) 
 

∴S = (110)(3)(0.9489)(0.2309) + 200 
   S = 272.29 lbs/ft

2
  

 

∴FS = (1,512 ÷ 150) + 272.29 

               (3)(110)(sin 18.4°) 
 

   FS = 2.71 OK 
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 2.2.8 Foundation, Settlement, and Slope Stability Analysis 
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 2.2.9 Capping Materials 
 
Geosynthetic capping materials consist of textured 40 mil. LLDPE liner and 250 mil. double bonded 
drainage net. 

 
Check Sliding Forces of Soil Cover and Geonet 

 

F.S. = (tanδ)÷(tanβ) 

δ   = Friction Angle = 26° for soil to double bonded geonet 

                               = 24° for double bonded geonet to textured liner 

β   = Slope Angle = 4:1 slope = 14.036° 
 

F.S. = (tanδ)÷(tanβ) (Soil and Geonet) 

    = (tan 26°)÷(tan18.418°) 

    = 1.95 > 1 ∴∴∴∴ O.K. 
 

          F.S. = (tanδ)÷(tanβ) (Geonet and Liner) 

    = (tan 24°)÷(tan18.418°) 

    = 1.78 > 1 ∴∴∴∴ O.K. 
 
         Transmissivity of Drainage Net 

 
Transmissivity (o) = permeability (k) x saturated thickness (t) 

 
Darcy’s Law 

 
Q= k I A  

A = t x 1 ft. unit width 
 

Q = o/t x i x t 
 

Q = o x i 
  

Q = 0.00001 m
2/
sec x 10.764 ft

2
/m

2
 x 5ft./100.ft./100 ft.(5% slope for 100 ft.) 

= 0.0005 ft.
3
/sec./ft. 

 
Peak daily drainage from HELP Model for 5 years thru drainage net (layer 2) is 2,323 ft.

3
/acre 

Total area of the capped landfill is approximately 60 acres = 2,613,600 ft.
2
 

Total Peak Daily Flow = 139,380 ft.
3
  

 
100 ft.

2
 of drainage net = 0.0005 ft.

3
/sec. 

2,613,600 ft.
2
/100 ft.

2 
x 0.0005 ft.

3
/sec.= 13.1 ft.

3
/sec. 

Drainage net at minimum slope of 5% over the entire foot print will drain the Peak Daily Volume in 
less than 3 hrs.. 
 

139,380 ft.
3
/13.1 ft.

3
/sec = 10,640 sec. = 177 mins. = 3hrs. 

 
Creep in the geonet composite is not considered because there is only two feet of soil over the geonet. 
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 2.2.10 Technical References 
 

 
1. "Lining of Waste Impoundment and Disposal Facilities", (U.S.)  
       Environmental Protection Agency, March 1983. 
 
2. "NSF International (NSF) Standard 54 Flexible Membrane Liner", The NSF  
       Joint Committee on Flexible Membrane Liners, 1991. 
 
3. "Geosynthetic Design Guidance for Hazardous Waste Landfill Cells and  
       Surface Impoundments", S & M E Inc. for the USEPA, December 1987,    
       pgs EPA III-21 to EPA III-49. 
 
4. James K. Mitchell, Raymond B. Seed, and H. Bolton Seed, "Kettleman Hill  
      Waste Landfill Slope Failure I: Liner-System Properties" in Journal of  
      Geotechnical Engineering, April 1 1990, pgs 647-668. 
 
5. Design, Construction and Monitoring of Landfills, Second Edition, Amalendu Bagchi, 

Wisconsin Department of Natural Resources, Pages 178- 238. 
 
2.2.11 Applicable Location Restriction Demonstrations 
 
All location restrictions, if any, were handled in the site study with the exception of the seismic impact 
zone.  See map in this section.  
 
The County Landfill is located in a seismic impact zone, all safety factors have been applied to insure 
site stability. 
 
There are no other features that impact the site. 

 
2.3 Engineering Drawings 

 
2.3.1 Title Sheet 
2.3.2 Index and Vicinity Map 
2.3.3 Existing Conditions 
2.3.4 Stage 1 Erosion Control Plan 
2.3.5 Stage 2 Erosion Control Plan 
2.3.6 Erosion Control Details 
2.3.7 Erosion Control Details 
2.3.8 Proposed Subgrade 
2.3.9 Top of Cohesive Soil Liner 
2.3.10 Top of Protective Cover 
2.3.11 Leachate Collection System 
2.3.12 Initial Placement of Waste 
2.3.13 Final Fill and Methane Venting System 
2.3.14 Operation Details 
2.3.15 Baseline Profile and Cross Sections 
2.3.16 Construction Details 
2.3.17 Sump, Pump, Riser, Pad and Details 
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SECTION 3.0 
 
 
 
 
 
 
 
 
 
 
 
 
 

MATERIALS 
 AND  

CONSTRUCTION 
 PRACTICES 
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All tests indicated in this section are described in Section 4.0 Construction Quality Assurance Plan.  Tests 
mentioned in this section are the same tests indicated in Section 4.0.  
 

3.1 Construction Sequence 
 

1. Clear all areas necessary for construction of Riser Basins. 
2. Construct Riser Basins. 
3. Permanently seed all disturbed areas. 
4. Prepare Subgrade. 
5.  Construct Base Liner System. 
6.  Construct Penetrations. 
7.  Construct Protective cover over the Base Liner System. 
8.  Excavate the Leachate Trenches. 
9.  Construct Leachate Collection System. 
10.  Construct the Sewer Line From Leachate Collection System to the Lagoon. 
11.  Permanently seed any disturbed areas 

 

3.2 Subbase 
 

The fill subgrade will be placed in 8” loose lifts and compacted to at least 95% of maximum dry density and 
near optimum moisture contents; as determined by Standard Proctor Compaction Test (ASTM D698)’ in 6” 
compacted lifts. Each compacted lift will be tested at one test per six inch (6”) lift for each 200 linear feet or 
fraction thereof of compacted berm(s) less than 50 feet in base width and one test per six (6) inch lift for each 
10,000 square feet or fraction thereof of compacted mass fill.   If an area fails, it shall be recompacted, 
reworked or replaced and retested. 
 

Before beginning construction of the base liner system, the Engineer shall visually inspect the exposed 
surface to evaluate the suitability of the subgrade and document that the surface is properly prepared and that 
the elevations are consistent with the Division approved engineering plans.  The elevations will be verified 
from survey data based on a 50 foot grid across the subbase. 
 

At a minimum, the subgrade shall be proof-rolled at cut sections utilizing a fully loaded tandem dump truck or 
equivalent.  If movement of the subbase is observed under the tires, the section of movement will be removed 
and replaced with suitable fill material.  This newly placed fill material will then be tested for proper density 
and moisture. 
 

3.3 Base Liner System (Alternate 1)  
 

3.3.1 Materials and Construction Practices for Cohesive Soil Liner 
 

All materials and equipment shall be new and shall be of first class ingredients and construction, 
designed and guaranteed to perform the service required and shall conform with the following standard 
specifications or shall be the product of the listed manufacturers or similar and equal thereto as 
approved by the Engineer. 
 

The soil for the cohesive soil liner shall consist of the red, orange, clayey silt on-site soils if the mica 
content is less than 0.5 percent by weight passing the No. 200 Sieve and a permeability of 1.0 x 10

-7 

cm/sec or less for the base liner system is achieved. Off-site cohesive soils may be used if approved by 
the Engineer and provides a permeability of 1.0 x 10

-7
 cm/sec or lower for the base liner system. 

Wyoming bentonite or an approved equivalent may be blended with the soil to lower the soil's 
permeability.  
 

A permeability “window” shall be developed for each type of soil from the borrow material that will be 
used for construction of the cohesive soil liner. The window is developed from the accepted remolded 
samples and moisture contents from the semi-log plot.  A straight line is typically drawn between the 
acceptable points on the moisture-density curve to indicate a range of probable acceptable permeability 
results.  The window will be used in the construction of the test strip to verify the laboratory remolded 
permeability results.  
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A test strip of compacted cohesive soil liner shall be prepared to create a permeability “window” prior to 
general installation of the cohesive soil liner.  The test strip will be used to verify the results from the 
remolded permeabilities from the borrow site utilizing the permeability window(s) for each soil type that 
is going to be used for construction of the cohesive soil liner. The test strip shall be approximately 2,500 
sq. ft. in surface area and constructed to conform geometrically to the site topography with a minimum 
lateral dimension in any direction of 25 ft.  The test strip shall consist of at least four compacted 6 inch 
lifts of cohesive soil liner.  The test strip may be used as an integral part of the overall cohesive soil liner 
if it meets the required specification for the liner.  
 
After the test strip passes, soil liner will be placed to the total thickness shown on the plans in maximum 
8-inch thick loose lifts with a maximum 6" compacted lift.  A sheepsfoot roller or approved alternative 
may be used to compact the soil liner provided the compaction and permeability requirements can be 
achieved.  Each lift shall be tested for permeability, moisture content, particle size distribution analysis, 
Atterberg limits, moisture-density-permeability relation, and if needed percent bentonite admixed with 
soil, prior to the placement of the succeeding lift and visually inspected to confirm that all soil clods 
have been broken and that the surface is sufficiently scarified so that adequate bonding can be 
achieved.  Soils for cohesive soil liner shall be screened, disked, or prepared using any other, approved 
method as necessary to obtain a homogeneous cohesive soil with clod sizes in a soil matrix no larger 
than about 1.5 inches in maximum diameter. The soil liner must be a minimum of 2.0 feet thick. No 
additional construction shall proceed on the soil liner at the area being tested until the Engineer has 
reviewed the results of the tests and judged the desired permeability is being achieved.  If the soil for 
the cohesive soil liner is incapable of achieving the required permeability when compacted, bentonite or 
approved alternative may be mixed with the soils to decrease the permeability.  The amount of additive 
required must be determined in the laboratory.  
 
The thickness and grade of the soil liner will be verified by the Engineer before placement of the 
geomembrane liner. The thickness and grade will be verified by surveying the clay at 50’ grid points 
where the elevations of the subbase will be checked with the top of soil liner to verify 2.0 feet of soil 
liner.  The grade will then be verified with the surveyed information. The survey will be performed by NC 
licensed surveyors.  
 
Surfaces to be lined shall be smooth and free of debris, roots, and angular or sharp rocks larger than 
three-eight (3/8) inches in diameter to a depth of six (6) inches.  The cohesive soil liner shall have no 
sudden sharp or abrupt changes in grade. The Contractor shall protect the cohesive soil liner from 
desiccation, flooding and freezing.  Protection, if required, may consist of a thin plastic protective cover, 
(or other material as approved by the Engineer) installed over the completed cohesive soil liner until 
such time as the placement of flexible membrane liner begins.  Areas found to have any desiccation 
cracks or which exhibit swelling, heaving or other similar conditions will be replaced or reworked by the 
contractor to remove these defects.   
 
The anchor trench shall be excavated by the Contractor to lengths and widths shown on the design 
drawings prior to geomembrane placement. Anchor trenches excavated in clay soils susceptible to 
desiccation cracks should be excavated only the distance required for that day’s liner placement to 
minimize the potential of desiccation cracking of the clay soils. Corners in the anchor trench shall be 
slightly rounded where the geomembrane adjoins the trench to minimize sharp bends in the 
geomembrane.  
 
The backfill for the anchor trench shall be compacted to 95% maximum proctor density, There is no 
grain size requirement, and on-site material shall be used.  The frequency of testing shall be for every 
six (6) inch lift and 500 feet of trench. There is no grain size requirement, and on-site material shall be 
used. 
 

 Upon request, the Flexible Membrane Liner manufacturer installer shall provide the Engineer with a 
written acceptance of the surface prior to commencing installation. Subsequent repairs to the cohesive 
soil liner and the surface shall remain the responsibility of the contractor. 
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3.3.2. Materials and Construction Practices for Flexible Membrane Liner  
 
All materials and equipment shall be furnished by an established and reputable manufacturer or 
supplier.  All materials and equipment shall be new and shall be of first class ingredients and 
construction, designed and guaranteed to perform the service required and shall conform with the 
following standard specifications or shall be the product of the listed manufacturers or similar and equal 
thereto as approved by the Engineer. 
 
60 mil High Density Polyethylene (HDPE) – Geosynthetic Research Institute (GRI) GM 13 – is to be 
placed in direct contact with moist cohesive soil liner. The Landfill itself is single lined and will only have 
a Textured Geomembrane.  The extrusion rods and/or brads used in seaming the rolls together shall be 
derived from the same base resin as the liner.  
 
Prior to commencement of liner deployment, layout drawings shall be produced to indicate the panel 
configuration and location of seams for the project.  Each panel used for the installation shall be given a 
numeric or alpha-numeric identification number consistent with the layout drawing.  This identification 
number shall be related to manufacturing roll number that identifies the resin type, batch number and 
date of manufacture. The Flexible Membrane Liner Manufacturer/Installer shall install field panels at the 
location indicated on the layout drawing.  If the panels are deployed in a location other than that 
indicated on the layout drawings, the revised location shall be noted in the field on a layout drawing, 
which will be modified at the completion of the project to reflect actual panel locations. 
 
Geomembrane deployment shall not be carried out during any precipitation, nor in the presence of 
excessive moisture (i.e. fog, dew), in an area of standing water, or during high winds.  The method and 
equipment used to deploy the panels must not damage the geomembrane or the supporting subgrade 
surface. No personnel working on the geomembrane will smoke, wear shoes that can damage the 
geomembrane, or engage in actions, which could result in damage to the geomembrane. Adequate 
temporary loading and/or anchoring, (i.e. sandbags, tires), which will not damage the geomembrane, 
will be placed to prevent uplift of the geomembrane by wind.  If uplift occurs, additional sandbags will be 
placed in necessary areas. The geomembrane will be deployed in a manner to minimize wrinkles. Any 
area of a panel seriously damaged (torn, twisted, or crimped) will be marked, cut out and removed from 
the work area with resulting seaming and/or repairs performed. In general, seams shall be oriented 
parallel to the slope, i.e., oriented along, not across the slope.  Whenever possible, horizontal seams 
should be located not less than five (5) feet from the toe of the slope.  Each seam made in the field 
shall be numbered in a manner that is compatible with the panel layout drawing for documentation of 
seam testing results. 
 
All personnel performing seaming operations shall be trained in the operation of the specific seaming 
equipment being used and will qualify by successfully welding a test seam. The project foreman will 
provide direct supervision of all personnel seaming to verify proper welding procedures are followed. 
Qualified liner installers, seamers, and the liner foreman shall meet a minimum requirement of 
1,000,000 square feet of geomembrane installation. There are no other minimum qualifications needed 
by other parties. 
 
The flexible membrane liner will be welded together by fusion and extrusion fillet welding methods.  
Fusion Welding consists of placing a heated wedge, mounted on a self propelled vehicular unit, 
between two (2) overlapped sheets such that the surface of both sheets are heated above the 
polyethylene's melting point.  After being heated by the wedge, the overlapped panels pass through a 
set of preset pressure wheels, which compress the two (2) panels together so that a continuous 
homogeneous fusion weld is formed.  The fusion welder is equipped with a temperature readout device 
which continuously monitors the temperature of the wedge.  Extrusion fillet welding consists of 
introducing a ribbon of molten resin along the edge of the seam overlap of the two (2) sheets to be 
welded.  The molten polymer causes some of the material of each sheet to be liquefied resulting in a 
homogeneous bond between the molten weld bead and the surfaces of the sheets.   
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The Flexible Membrane Liner Manufacturer/Installer will rely on the experience of the Flexible 
Membrane Liner Superintendent and the results of test seams to determine seaming restrictions by 
weather.  Many factors, such as ambient temperature, humidity, wind, sunshine, etc., can affect the 
integrity of field seams and must be taken into account when deciding whether or not seaming should 
proceed.  Responsibility for monitoring these conditions shall lie with the Flexible Membrane Liner 
Superintendent; however, the Engineer may suspend any seaming operation, which is, in his opinion, at 
the risk of providing the Owner with a quality product.  Test seams are required prior to daily production 
seaming to determine if the weather conditions will affect the Flexible Membrane Liner System's ability 
to produce quality seams. Additional non-destructive and destructive testing of production seams may 
substantiate the decision made by the Flexible Membrane Liner Superintendent to seam on any given 
day. Fusion Welding is done by first overlapping panels of geomembrane approximately four (4) inches, 
next clean the seam area prior to seaming to assure the area is clean and free of moisture, dust, dirt, 
debris of any kind.  No grinding is required for fusion welding. Next, adjust the panels so that seams are 
aligned with the fewest possible number of wrinkles and "fishmouths".  A movable protective layer may 
be used, at the discretion of the Flexible Membrane Liner Superintendent, directly below the overlap of 
geomembrane that is to be seamed to prevent build-up of moisture between the panels. 
 
Extrusion Welding is done by overlapping panels of geomembrane a minimum of three (3) inches and 
temporarily bond the panels of geomembrane to be welded taking care not to damage the 
geomembrane. Next grind seam overlap prior to welding within one (1) hour of welding operation in a 
manner that does not damage the geomembrane.  Limit grinding to ¼” outside of the extrusion weld 
area. Clean the seam area prior to seaming to assure the area is clean and free of moisture, dust, dirt, 
and debris of any kind. Purge the extruder prior to beginning the seam to remove all heat-degraded 
extrudate from the barrel. Keep welding rod clean and off the ground. 
 
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. Test seams shall be made on 
fragment pieces of the geomembrane liner and under the same conditions as actual seams.  The test 
seam shall be at least three (3) feet long and should be made by joining two (2) pieces of 
geomembrane at least 9" in width.  Visually inspect the seam for squeeze out, footprint, pressure and 
general appearance. Two random samples one (1) inch wide shall be cut from the test seam.  The 
specimens shall then be tested in peel using a field tensiometer and shall not fail in the seam.  If a 
specimen fails the entire procedure shall be repeated. If any of the second set of specimens fail, the 
seaming apparatus shall not be accepted and shall not be used for seaming until the deficiencies are 
corrected and a passing test seam is achieved. After completion of these tests, the remaining portion of 
test seam can be discarded.  Documentation of the test seams will be maintained listing seam 
identification number, welder's name, temperature control setting, and test results. Passing test results 
records shall be maintained. 
 
Seaming shall extend to the outside edge of panels to be placed in the anchor trench. While welding a 
seam, monitor and maintain the proper overlap. Inspect seam area to assure area is clean and free of 
moisture, dust, dirt, debris of any kind.  While welding a seam, monitor temperature gauges to assure 
proper settings are maintained and that the seaming apparatus is operating properly. Align wrinkles at 
the seam overlap to allow welding through the wrinkle. Fishmouths or wrinkles at seam and overlaps 
that cannot be welded through shall be cut along the ridge in order to achieve a flat overlap.  The cut 
fishmouth or wrinkle shall be seamed.  Any portion where the overlap is inadequate shall be patched 
with an oval or round patch of the same geomembrane extending a minimum of six (6) inches beyond 
the cut in all directions. All cross/butt seams between two (2) rows of seamed panels shall be welded 
during the coolest time of the day to allow for contraction of the geomembrane. All "T" joints shall have 
the overlap from the wedge welder seam trimmed back to allow an extrusion fillet weld.  Then grind two 
(2) inches minimum on either side of the wedge seam, then extrusion weld all of the area prepared by 
grinding. 

 
The installation crews will non-destructively test all field seams over their full length using air pressure 
testing, vacuum testing or other approved methods, to verify the continuity and integrity of the seams. 
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Air pressure testing will be conducted.  The welded seam created by double hot-wedge fusion welding 
process is composed of two distinct welded seams separated by an unwelded channel approximately 
3/8 of an inch between the two welded seams permits the double hot-wedge fusion seams to be tested 
by inflating the sealed channel with air to a predetermined pressure, and observing the stability of the 
pressurized channel over time.  An air pump with rubber hose and sharp hollow needle (manual or 
motor driven) capable of generating and sustaining a pressure between 25 to 30 psi will be used to test 
the seam. Seal both ends of the seam to be tested. Insert needle or other approved pressure feed 
device into the sealed channel created by the fusion weld. Inflate the test channel to a pressure 
between 27 to 30 psi, close valve, and observe initial pressure after approximately 2 minutes. For the 
60 mil HDPE liner the seam has to have a minimum initial pressure of 27 psi and a maximum initial 
pressure of 30 psi.   Initial pressure settings are read after a two minute "relaxing period".  The purpose 
of this "relaxing period" is to permit the air temperature and pressure to stabilize. Observe and record 
the air pressure five (5) minutes after "relaxing period" ends and when initial pressure setting is used.  If 
loss of pressure exceeds 3 psi or if the pressure does not stabilize, locate faulty area and repair. At the 
conclusion of the pressure test the end of the seam opposite the pressure gauge is cut.  A decrease in 
gauge pressure must be observed or the air channel will be considered "blocked" and the test will have 
to be repeated after the blockage is corrected. Remove needle or other approved pressure feed device 
and seal resulting hole by extrusion welding. 
 
In the event of a Non-Complying Air Pressure Test, check the seam end seals and retest seams. If 
non-compliance with specified maximum pressure differential re-occurs, repair the seam.  When two (2) 
passing samples are located, the seam between these two (2) locations will be considered 
non-complying.  Capping or removal  are the only two (2) acceptable methods of repairing failed seams.  
Non-destruct test the entire length of the repaired seam. 
 
Vacuum testing will be conducted when the geometry of the weld makes air pressure testing impossible 
or impractical or when attempting to locate the precise location of a defect believed to exist after air 
pressure testing. The penetration will be tested using this method. 
 
Vacuum box assembly consists of a rigid housing, a transparent viewing window, a soft neoprene 
gasket attached to the bottom, port hole or valve assembly, a vacuum gauge, vacuum pump assembly 
equipped with a pressure controller and pipe connection, a rubber pressure/vacuum hose with fittings 
and connections, a bucket and means to apply a soapy solution. 
 
The procedure for Vacuum Testing is to trim excess overlap from seam, if any. Turn on the vacuum 
pump to reduce the vacuum box to approximately 5 inch of mercury, i.e., 5 psi. Apply a generous 
amount of a solution of strong liquid detergent and water to the area to be tested. Place the vacuum 
box over the area to be tested and apply sufficient downward pressure to "seat" the seal strip against 
the liner. Close the bleed valve and open the vacuum valve.  Apply a minimum of 5 in. Hg vacuum to 
the area as indicated by the gauge on the vacuum box. Ensure that a leak tight seal is created. For a 
period of not less than 30 seconds, examine the geomembrane through the viewing window for the 
presence of soap bubbles. If no bubbles appear after 30 seconds, close the vacuum valve and open the 
bleed valve, move the box over the next adjoining area with a minimum 3 in. overlap, and repeat the 
process. The procedure for Non-Complying Testis to mark all areas where soap bubbles appear and 
repair the marked areas. Retest repaired areas. 
 
The procedure for Destructive Testing is to determine and evaluate seam strength.  These tests require 
direct sampling and thus subsequent patching.  Therefore destructive testing should be held to a 
minimum to reduce the amount of repairs to the geomembrane. All destructive tests will be done 
according to ASTM D4437.  The sample should be twelve (12) inches wide with a seam fourteen (14) 
inches long centered lengthwise in the sample.  The sample may be increased in size to accommodate 
independent laboratory testing by the owner at the owner's request or by specific project specifications. 
A one (1) inch sample shall be cut from each end of the test seam for field testing. The two (2), one (1) 
inch wide samples shall be tested in the field in a tensiometer for peel ASTM D4437.  Tensile strength 
is essentially a measurement of the greatest tension stress a substance can bear without tearing.  If the 
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liner tears before any part of the seam does the test is successful.  If any field sample fails to pass, it 
will be assumed the sample fails destructive testing.  Destructive samples will be taken every 500 ft. of 
seam.  
 
In the event of Destructive Test Failure, cut additional field samples for testing.  In the case of a field 
production seam, the samples must lie a minimum of ten (10) feet in each direction from the location of 
the failed sample.  Perform a field test for peel strength.  If these field samples pass, then laboratory 
samples can be cut and forwarded to the laboratory for full testing. All destructive seam samples sent to 
the Flexible Membrane Liner System's laboratory shall be numbered. If the laboratory samples pass 
then repair the seam between the two (2) passing samples locations. All passing seams must be 
bounded by two (2) locations from which samples passing laboratory destructive tests have been taken.  
Capping or removal of the failed seam, are the only two (2) acceptable methods for repairing failed 
seams. 

 
The Flexible Membrane Liner Superintendent shall conduct a detailed walk through and visually check 
all seams and non-seam areas of the geomembrane for defects, holes, blisters and signs of damage 
during installation. All other installation personnel shall, at all times, be on the lookout for any damaged 
areas.  Damaged areas shall be marked and repaired. 

 
Any portion of the geomembrane showing a flaw or failing a destructive or non-destructive test shall be 
repaired.  Several procedures exist for repair and the decision as to the appropriate repair procedure  
shall be made by the Flexible Membrane Liner Superintendent.  Repairs need to be made in a timely 
matter to protect the moist cohesive soil liner and flexible membrane liner. If inclement weather is 
approaching, steps need to be made to protect the cohesive soil liner such as a temporary cover.  If   
cohesive soil liner is damaged, it must be reworked.  Procedures available for repair are (1) Patching - 
used to repair large holes, tears and destructive sample locations.  All patches shall extend at least six 
(6) inches beyond the edges of the defect and all corners of patches shall be rounded, (2) Grinding and 
welding - used to repair sections of extruded seams, (3) Spot welding or seaming - used to repair small 
tears, pinholes or other minor localized flaws, (4) Capping - used to repair lengths of failed seams, (5) 
Removal of a bad seam and replacement with a strip of new material seamed into place. 

 
Every repair shall be non-destructively tested. Repairs, which pass the non-destructive test shall be 
deemed adequate. Large repairs may require a destructive test. Repair test results shall be logged.  
The repair location shall be recorded on an as-built drawing. 
 

3.4 Alternate Liner System (Alternate 2)  
 

3.4.1 Materials and Construction Practices for Cohesive Soil Liner 
 
All materials and equipment shall be new and shall be of first class ingredients and construction, 
designed and guaranteed to perform the service required and shall conform with the following standard 
specifications or shall be the product of the listed manufacturers or similar and equal thereto as 
approved by the Engineer. 
 

The soil for the cohesive soil liner shall consist of the red, orange, clayey silt on-site soils, if the mica 
content is less than 0.5 percent by weight passing the No. 200 Sieve and a permeability of 1.0 x 10

-5
 

cm/sec or less, is achieved. Off-site cohesive soils may be used if approved by the Engineer and 
provides a permeability of 1.0 x 10

-5
 cm/sec or lower. Wyoming bentonite or an approved equivalent 

may be blended with the soil to lower the soil's permeability.  
 

A permeability “window” shall be developed for each type of soil from the borrow material that will be 
used for construction of the cohesive soil liner. The window is   developed from the accepted remolded 
samples and moisture contents from the semi-log plot.  A straight line is typically drawn between the 
acceptable points on the moisture-density curve to indicate a range of probable acceptable permeability 
results.  The window will be used in the construction of the test strip to verify the laboratory remolded 
permeability results.  
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A test strip of compacted cohesive soil liner shall be prepared to create a  permeability “window” prior to 
general installation of the cohesive soil liner.  The test strip will be used to verify the results from the 
remolded permeabilities from the borrow site utilizing the permeability window(s) for each soil type that 
is going to be used for construction of the cohesive soil liner. The test strip shall be approximately 2,500 
sq. ft. in surface area and constructed to conform geometrically to the site topography with a minimum 
lateral dimension in any direction of 25 ft.  The test strip shall consist of at least three compacted 6 inch 
lifts of cohesive soil liner.  The test strip may be used as an integral part of the overall cohesive soil liner 
if it meets the required specification for the liner.  
 

After the test strip passes, soil liner will be placed to the total thickness shown on the plans in maximum 
8-inch thick loose lifts with a maximum 6" compacted lift.  A sheepsfoot roller or approved alternative 
may be used to compact the soil liner provided the compaction and permeability requirements can be 
achieved.  Each lift shall be tested for permeability, moisture content, particle size distribution analysis, 
Atterberg limits, moisture-density-permeability relation, and if needed percent bentonite admixed with 
soil, prior to the placement of the succeeding lift and visually inspected to confirm that all soil clods 
have been broken and that the surface is sufficiently scarified so that adequate bonding can be 
achieved.  Soils for cohesive soil liner shall be screened, disked, or  prepared  using  any  other, 
approved  method  as  necessary  to  obtain  a homogeneous cohesive soil with clod sizes in a soil 
matrix no larger than about 1.5 inches in maximum diameter. The soil liner must be a minimum of 1.5 
feet thick. No additional construction shall proceed on the soil liner at the area being tested until the 
Engineer has reviewed the results of the tests and judged the desired permeability is being achieved.  If 
the soil for the cohesive soil liner is incapable of achieving the required permeability when compacted, 
bentonite or approved alternative may be mixed with the soils to decrease the permeability.  The 
amount of additive required must be determined in the laboratory.  
 

The thickness and grade of the soil liner will be verified by the Engineer before placement of the 
geomembrane liner. The thickness and grade will be verified by surveying the clay at 50’ grid points 
where the elevations of the subbase will be checked with the top of soil liner to verify 1.5 feet of soil 
liner.  The grade will then be verified with the surveyed information. The survey will be performed by 
N.C.  Professional Surveyor.  
 

Surfaces to be lined shall be smooth and free of debris, roots, and angular or sharp rocks larger than 
three-eight (3/8) inches in diameter to a depth of six (6) inches.  The cohesive soil liner shall have no 
sudden sharp or abrupt changes in grade. The Contractor shall protect the cohesive soil liner from 
desiccation, flooding and freezing.  Protection, if required, may consist of a thin plastic protective cover, 
(or other material as approved by the Engineer) installed over the completed cohesive soil liner until 
such time as the placement of flexible membrane liner begins.  Areas found to have any desiccation 
cracks or which exhibit swelling, heaving or other similar conditions will be replaced or reworked by the 
contractor to remove these defects.   
 

The anchor trench shall be excavated by the Contractor to lengths and widths shown on the design 
drawings prior to geomembrane placement. Anchor trenches excavated in clay soils susceptible to 
desiccation cracks should be excavated only the distance required for that day’s liner placement to 
minimize the potential of desiccation cracking of the clay soils. Corners in the anchor trench shall be 
slightly rounded where the geomembrane adjoins the trench to minimize sharp bends in the 
geomembrane.  
 

 Upon request, the Flexible Membrane Liner manufacturer installer shall provide the Engineer with a 
written acceptance of the surface prior to commencing installation. Subsequent repairs to the cohesive 
soil liner and the surface shall remain the responsibility of the contractor. 
 

3.4.2. Materials and Construction Practices for Geosynthetic Clay Liner (GCL)  
 

 The Contractor shall furnish all labor, materials, supervision and equipment to complete the 
installation of the GCL, including, but not limited to, liner layout, seaming, patching, and all 
necessary and incidental items required to complete the Work, in accordance with the Contract 
Drawings and these Specifications. 



P:\solid waste\G06096 Wayne Co. PTC Ph. 3\documents\G06096-PTC ph.3.doc       lch     4/23/2010    rev. 12/15/2010   Rev.   2/1/2011   Rev. 3/17/11 216

 
 Sufficient liner material shall be furnished to cover all lined areas shown on the Drawings, 

including overlaps at field seams and anchor trenches. 
 
      The GCL Manufacturer must have produced at least 10 million square feet (1 million square 

meters) of GCL, with at least 8 million square feet (800,000 square meters) installed.  The 
manufacturer shall submit certification that GCL manufactured for the Project has been produced 
in accordance with these Specifications along with results from a quality control program.  This 
information must be submitted for review prior to material delivery.  The Engineer reserves the 
right to halt installation until proper certification is submitted and determined acceptable for use. 

 
The Contractor shall submit to the Engineer, six (6) full sets of panel layout construction 
drawings.  Drawings shall be submitted to the Engineer at least two (2) weeks prior to installation. 
 
The manufacturer of the GCL used in this work shall approve all shop drawings and a proposed 
liner layout to cover the lined area shown on the Drawings. 
 
Details shall be included to show the termination of the liner at the perimeter of lined areas, the 
methods of sealing around penetrations, and methods of anchoring.  A specific anchor trench 
detail shall be provided. 
 
The Contractor shall submit to the Engineer a physical sample of the liner to be used.  The 
sample shall be labeled with the manufacturer’s name, product identification, lot number and roll 
number. 

 
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.  The Contractor shall also submit to the 
Engineer inventory tickets, roll numbers or batch identifications, packing papers, and invoices for 
the liner used. 

 
As installation proceeds, the Contractor shall submit certificates of subgrade acceptance to the 
Engineer, signed by the Contractor and the GCL Installer for each area that is covered by the 
GCL. 

 
The Contractor shall provide personnel resumes demonstrating compliance with the following 
requirements. 
 

1.  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 (100,000 square meters) in size. 

 
2.  A minimum of one field superintendent per shift shall be designated by the Contractor 

and approved by the Engineer.  Each field superintendent shall have a minimum of 
three years and five million square feet of field experience in installing GCL’s.  Any 
change or replacement of superintendent during the Project must be approved by the 
Engineer. 

 
3.  Liner placement technicians shall have a minimum of one year and one million square 

feet of GCL placement experience. 
 
The GCLs shall consist of a layer of natural sodium bentonite clay encapsulated between two 
geotextiles and shall comply with all of the criteria listed in this Section.  Prior to using an 
alternate GCL, the Contractor must furnish independent test results demonstrating that the 
proposed alternate material meets all requirements of this specification.  The Contractor also 
must obtain prior approval of the alternative GCL by the Engineer. 
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Reinforced GCL must be used on all areas of the site. An acceptable GCL product is 

Bentomat
 
ST as manufactured by CETCO or an engineer-approved equal. All areas of the 

project requiring reinforced GCL will be furnished with Bentomat
 
ST or an engineer-approved 

equal.  The minimum acceptable dimensions of full-size GCL panels shall be 150 feet (45.7m) 
in length and 15 feet (4.6m) in width for Bentomat.  Short rolls [(those manufactured to a length 
greater than 70 feet (21m) but less than a full-length roll)] may be supplied at a rate of no 
greater than 3 per truckload or 3 rolls for every 36,000 square feet (3,500 square meters) of 
GCL, whichever is less.  A 6-inch (150mm) overlap guideline shall be imprinted on both edges 
of the upper geotextile component of the GCL as a means for providing assurance of the 
overlap dimension.  Lines shall be printed in easily visible, non-toxic ink. 
 
The GCL manufacturer/Contractor shall provide the Engineer with manufacturing QA/QC 
certifications for each shipment of GCL, prior to the deployment of GCL.  The certifications shall 
be signed by a responsible party employed by the GCL manufacturer, such as the QA/QC 
Manager, Production Manager, or Technical Services Manager, and shall include: 
 
A.  Certificates of analysis for the bentonite clay used in GCL production demonstrating 

compliance with the parameters swell index and fluid loss shown in CETCO’s Technical 
Data Sheet TR404bm. 

 
B.  Manufacturer’s test data for finished GCL products(s) of bentonite mass/area, GCL tensile 

strength, and GCL peel strength demonstrating compliance with the index parameters 
shown in CETCO’s Technical Data Sheet TR404bm. 

 
C.  GCL lot and roll numbers supplied for the project (with corresponding shipping information).  

 
D.  Manufacturer’s test data for finished GCL product(s) including GCL index flux, permeability, 

and hydrated internal shear strength data demonstrating compliance with the performance 
parameters shown in CETCO’s Technical Data Sheet TR404bm. 

 

Prior to shipment, the GCL manufacturer shall label each roll, identifying: product identification 
information (Manufacturer’s name and address, brand name, product code), lot number, roll 
number, roll length, width, and weight. 

 
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.  All rolls shall be labeled and bagged in packaging that is 
resistant to photodegradation by ultraviolet (UV) light. 

 
The granular bentonite or bentonite sealing compound used for seaming, penetration sealing, and 
repairs shall be made from the same natural sodium bentonite as used in the GCL and shall be 
as recommended by the GCL manufacturer. 
 
CETCO GCL’s are delivered in rolls weighing from 2,500 - 2,700 lbs (1,140-1,225 kg).  It is 
necessary to support this weight using an appropriate core pipe.  For any installation, the core 
pipe must not deflect more than 3 inches (75 mm) as measured from end to midpoint when a full 
GCL roll is lifted.  Lifting chains or straps rated for at least twice the load of the GCL should be 
used in combination with a spreader bar made from an I-beam.  The spreader bar ensures that 
the lifting chains or straps do not chafe against  the ends of the GCL roll, which must be able to 
rotate freely during installation. 
A front end-loader, backhoe, dozer, or other equipment can be furnished with the spreader bar 
and core bar.  Alternatively, a forklift with a “stinger” attachment may be used for on-site handling 
and, in certain cases, installation.  A forklift without a stinger attachment shall not be used to 
lift or handle the GCL rolls. 
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When installing over certain geosynthetic materials, a 4-wheel all-terrain vehicle (ATV) can be 
used to deploy the GCL from behind.  An ATV can be driven directly on the GCL provided that no 
sudden stops, starts, or turns are made. 

  
Additional equipment needed for installation of CETCO’s GCL's include: 

 

• Utility knife and spare blades (for cutting the GCL). 

• Granular bentonite or bentonite mastic (for overlapped seams of GCLs with needle 
punched non-woven geotextiles and for sealing around structures and details). 

 
• Waterproof tarpaulins (for temporary cover on installed material as well as or stockpiled 

rolls). 
 
• Optional chalk line marker to simplify bentonite placement at seams (when installing a 

GCL with needle punched non-woven geotextile components). 
 

• Optional flat-bladed vise grips (for positioning the GCL panel by hand). 
 

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, Installer, or other designated party.  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.  The packaging 
should be repaired prior to being placed in storage.  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. 

 
Storage of the GCL rolls shall be the responsibility of the installer.  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.  
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 or by use of the dunnage shipped between rolls.  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).  Rolls shall never be stacked on end.  All stored GCL 
materials and the accessory bentonite must be covered with a plastic sheet or tarpaulin until their 
installation.  The integrity and legibility of the labels shall be preserved during storage. 

 
Any 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 vegetation, any debris, sticks, sharp rocks, void spaces, ice, abrupt elevation 
changes, standing water, cracks larger than one-quarter inch (6mm) in width, and any other 
foreign matter that could contact the GCL.  Subgrade surfaces consisting of granular soils or 
gravel may not be acceptable due to their large void fraction and puncture potential.  Subgrade 
soils should possess a particle size distribution such that at least 80 percent of the soil is finer 
than a No. 60 sieve (0.250 mm).  Immediately prior to GCL deployment, the subgrade shall be 
final-graded to fill in all voids or cracks and then smooth-rolled to provide the best practicable 
surface for the GCL.  At completion of this activity, no wheel ruts, footprints or other irregularities 
shall exist in the subgrade.  Furthermore, all protrusions extending more than one-half inch 
(12mm) from the surface shall either be removed, crushed or pushed into the surface with a 
smooth-drum compactor.  On a continuing basis, the Contractor/GCL Installer shall submit 
certifications of subgrade acceptance to the Engineer, and the project Construction Observer 
shall verify acceptance of the subgrade before GCL placement. 

 
It shall be the installer’s responsibility thereafter to indicate to the Engineer any change in the 
condition of the subgrade that could cause the subgrade to be out of compliance with any of the 
requirements listed in this Section.  At the top of sloped areas of the job site, an anchor trench for 
the GCL shall be excavated in accordance with the project plans and specifications.  The 
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excavated trench shall be verified by the Construction Observer prior to GCL placement.  No 
loose soil shall be allowed at the bottom of the trench and no sharp corners or protrusions shall 
exist anywhere within the trench. 

 
Placement of the GCL shall be conducted in accordance with the manufacturer’s 
recommendations and with the direction provided herein.  Any deviations from these procedures 
must be pre-approved by the Engineer. 

 
The contractor shall not install any GCL on this project, at any time, in the absence of the 
Construction Observer.  During start-up of the GCL installation, an agent or representative of the 
Manufacturer shall provide on-site assistance and instruction to the Contractor and Engineer 
regarding the appropriate installation techniques.  The Construction Observer/Engineer shall 
inspect each panel, after placement and prior to seaming, for damage and/or defects.  All defects 
and deficiencies shall be properly documented by the GCL Installer and Construction Observer.  
Defective or damaged panels shall be replaced or repaired, as approved by the Construction 
Observer/Engineer.  The Contractor will correct defects and deficiencies to the satisfaction of the 
Engineer.  The Construction Observer shall observe and verify all repaired defects.  Reinforced 
GCL shall be placed on all areas of the site.  GCL rolls should be delivered to the working area of 
the site in their original packaging.  Immediately prior to deployment, the packaging should be 
carefully removed without damaging the GCL.  The orientation of the GCL (i.e., which side faces 
up) may be important if the GCL has two different geotextiles.  Unless otherwise specified, 
however, the GCL shall be placed with the white side (non-woven) geotextile facing down.  The 
GCL shall be properly weighted to avoid uplift due to wind.  Equipment which could damage the 
GCL shall not be allowed to travel directly on it.  Acceptable installation, therefore, may be 
accomplished such that the GCL is unrolled in front of the backwards-moving equipment.  If the 
installation equipment causes rutting of the subgrade, the subgrade must be restored to its 
originally accepted condition before placement continues.  Equipment necessary to perform the 
installation (generators, compressors, etc.) shall have a scrap GCL sheet placed underneath to 
protect the installed GCL from possible damage.  The GCL shall be kept free of debris, 
unnecessary tools and materials.  In general, the GCL area shall remain neat in appearance.  All 
damage shall be recorded and located in the record drawings.  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.  The GCL shall 
be placed so that seams are parallel to the direction of the slope.  End-of-roll seams should be 
located at least 3 feet (1m) from the toe and crest of slopes steeper than 4H:1V.  GCL rolls shall 
not be released on the slope and allowed to unroll freely by gravity.  All GCL panels shall be 
placed free of tension or stress and lie flat on the underlying surface, with no wrinkles or fold, 
especially at the exposed edges of the panels.  Similarly, the geomembrane placed over GCL 
shall lie flat and in contact with the underlying GCL with no wrinkles or fold.  The GCL shall not be 
installed in standing/ponded water, during rainy weather/precipitation, excessive moisture, and 
during extremely/excessive high wind.  Only as much GCL shall be deployed as can be covered 
at the end of the working day with the geomembrane.  In no case shall the GCL be exposed to 
the elements at the end of the day.  The GCL shall not be left uncovered overnight.  If the GCL is 
hydrated when no confining stress is present, it will be necessary to remove and replace the 
hydrated material.  The Engineer, Construction Observer, and GCL supplier should be consulted 
for specific guidance if premature hydration occurs.  The GCL shall not get wet before or during 
installation.  The GCL mat shall not be installed during periods of any precipitation.  If a 
precipitation event occurs after the installation of a GCL panel, but prior to covering with the 
geomembrane panel, a thin film plastic sheeting, may be used to cover and to temporarily protect 
the GCL from moisture, if approved by the Engineer. 
 
Panels shall be placed from the highest elevation to the lowest within the area to be lined, to 
facilitate drainage in the event of precipitation.  It is not permissible to stretch the GCL in order to 
fit a designated area.  Panels shall not be dragged across the subgrade into position except 
where necessary to obtain the correct overlap for adjacent panels. 
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As directed by the project drawings and specifications, the end of the GCL roll shall be placed in 
an anchor trench at the top of the slope.  The front edge of the trench should be rounded so as to 
eliminate any sharp corners.  The GCL should cover the entire trench floor but does not extend 
up the rear trench wall.  The amount of trench open at any time shall be limited to one day of GCL 
installation capacity.  The anchor trench shall be adequately drained to prevent water ponding 
and softening the adjacent soils.  Loose soil shall be removed from the floor of the trench.  The 
soil backfill should be placed in the trench to provide resistance against pullout.  The size and 
shape of the trench, as well as the appropriate backfill procedures, should be in accordance with 
the project drawings and specifications. 

 
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.  Supplemental 

bentonite is required for Bentomat ST. 
 
The minimum dimension of the longitudinal overlap should be 6 inches (150 mm).  End-of-roll 
overlapped seams should be similarly constructed, but the minimum overlap should measure 24 
inches (600 mm).  In the opinion of the Engineer/Construction Observer, any seam, or edge of 
GCL material exposed for more than 24 hours or considered partially hydrated when seaming 
occurs shall receive a 3-foot overlap (rainlap) from the adjoining GCL panel.  All seams shall have 
a seam number that corresponds with the panel layout numbers.  The numbering system shall be 
used in the development of the record drawings.  Seam numbers shall be derived from the 
combination of the two panel numbers that are to be seamed.  Seam areas or runs shall also be 
flat and clear of any large rocks, debris, or ruts.  Contacting surfaces shall be clean and clear of 
dirt or native soil with all edges pulled tight to maximize contact and to smooth out any wrinkles or 
creases.  All seams constructed on sloped surface shall be vertical seams.  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.  Bentonite-enhanced seams are 
constructed between the overlapping adjacent panels described above.  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 (150 mm) line.  A 
similar bead of granular sodium bentonite is applied at the end-of-roll overlap.  The bentonite 
shall be applied at a minimum application rate of one-quarter pound per lineal foot (0.4 kg/m). 

 
Cutting the GCL should be performed using a sharp utility knife.  Frequent blade changes are 
recommended to avoid irregular tearing of the geotextile components of the GCL during the 
cutting process.  The GCL shall be sealed around penetrations and structures embedded in the 
subgrade.  Granular bentonite or a bentonite mastic shall be used liberally (approximately 2 lbs/in 
ft or 3 kg/m) to seal the GCL to these structures.  When the GCL is placed over an earthen 
subgrade, a “notch” (approximately 3 inches wide and 8 inches deep) shall be cut against the 
edge of the subgrade area around the penetration.  The mat shall be brought up to the edge of 
the structure and trimmed to fit into the notch.  The Contractor shall then hand-apply a pure bead 
of bentonite into half the notch.  The mat shall then be inserted into the notch, with the remaining 
volume of the notch refilled with the pure bentonite and compacted.  A secondary collar of GCL 
should be placed around the penetration.  It is helpful to first trace an outline of the penetration on 
the GCL and then cut a “star” pattern in the collar to enhance the collar’s fit to the penetration.  
Vertical penetrations are prepared by notching into the subgrade.  The penetration is completed 
with two separate pieces of GCL.  A secondary collar is option in this case.  When the GCL is 
terminated at a structure or wall that is embedded into the subgrade, the subgrade should be 
notched as described in Items B and D above.  The notch is filled with granular bentonite, and the 
GCL should be placed over the notch and up against the structure.  The connection to the 
structure can be accomplished by placement of soil or stone backfill in this area. 

 
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 minimum overlap of 12 inches (300 mm) is achieved 
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around all of the damaged area.  Dry bentonite or bentonite mastic should be applied around the 
damaged area at the rate of one-half pound per lineal foot prior to placement of the patch.  Any 
epoxy-based adhesives shall be used to keep the patch in position during backfill operations. 

 
Although direct vehicular contact with the GCL is to be avoided, lightweight, low ground pressure 
vehicles [such as 4-wheel all-terrain vehicles (ATV)] may be used to facilitate the installation of 
any geosynthetic material placed over the GCL, provided the ATV makes no sudden stops, starts, 
or turns.  The GCL supplier or Engineer should be contacted with specific recommendations on 
the appropriate procedures in this situation.  When a textured geomembrane is installed over the 
GCL, a temporary geosynthetic covering known as a slip sheet or rub sheet should be used to 
minimize friction during placement and to allow the textured geomembrane to be more easily 
moved into its final position.  Any leading edge of panels left uncovered shall be protected at the 
end of the working day with a waterproof sheet, which is adequately secured with sandbags or 
other ballast.  Soil cover shall be placed over the GCL/geomembrane using low ground pressure 
construction equipment that minimizes stresses on the GCL/geomembrane, according to the 
existing project specification requirements for protective cover soil installation over geomembrane 
liner. 

 

3.4.3. Materials and Construction Practices for Flexible Membrane Liner  
 

All materials and equipment shall be furnished by an established and reputable manufacturer or 
supplier.  All materials and equipment shall be new and shall be of first class ingredients and 
construction, designed and guaranteed to perform the service required and shall conform with the 
following standard specifications or shall be the product of the listed manufacturers or similar and equal 
thereto as approved by the Engineer. 
 
The 60 mil. High Density Polyethylene (HDPE) – Geosynthetic Research Institute (GRI) GM 13 – is to 
be placed in direct contact with moist cohesive soil liner. The Landfill itself is single lined and will only 
have a Textured Geomembrane.  The extrusion rods and/or brads used in seaming the rolls together 
shall be derived from the same base resin as the liner.  
 
Prior to commencement of liner deployment, layout drawings shall be produced to indicate the panel 
configuration and location of seams for the project.  Each panel used for the installation shall be given a 
numeric or alpha-numeric identification number consistent with the layout drawing.  This identification 
number shall be related to manufacturing roll number that identifies the resin type, batch number and 
date of manufacture. The Flexible Membrane Liner Manufacturer/Installer shall install field panels at the 
location indicated on the layout drawing.  If the panels are deployed in a location other than that 
indicated on the layout drawings, the revised location shall be noted in the field on a layout drawing 
which will be modified at the completion of the project to reflect actual panel locations. 
 
Geomembrane deployment shall not be carried out during any precipitation, nor in the presence of 
excessive moisture (i.e. fog, dew), in an area of standing water, or during high winds.  The method and 
equipment used to deploy the panels must not damage the geomembrane or the supporting subgrade 
surface. No personnel working on the geomembrane will smoke, wear shoes that can damage the 
geomembrane, or engage in actions, which could result in damage to the geomembrane. Adequate 
temporary loading and/or anchoring, (i.e. sandbags, tires), which will not damage the geomembrane, 
will be placed to prevent uplift of the geomembrane by wind.  If uplift occurs, additional sandbags will be 
placed in necessary areas. The geomembrane will be deployed in a manner to minimize wrinkles. Any 
area of a panel seriously damaged (torn, twisted, or crimped) will be marked, cut out and removed from 
the work area with resulting seaming and/or repairs performed. In general, seams shall be oriented 
parallel to the slope, i.e., oriented along, not across the slope.  Whenever possible, horizontal seams 
should be located not less than five (5) feet from the toe of the slope.  Each seam made in the field 
shall be numbered in a manner that is compatible with the panel layout drawing for documentation of 
seam testing results. 
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All personnel performing seaming operations shall be trained in the operation of the specific seaming 
equipment being used and will qualify by successfully welding a test seam. The project foreman will 
provide direct supervision of all personnel seaming to verify proper welding procedures are followed. 
Qualified liner installers, seamers, and the liner foreman shall meet a minimum requirement of 
1,000,000 square feet of geomembrane installation. There are no other minimum qualifications needed 
by other parties. 
 
The flexible membrane liner will be welded together by fusion and extrusion fillet welding methods.  
Fusion Welding consists of placing a heated wedge, mounted on a self propelled vehicular unit, 
between two (2) overlapped sheets such that the surface of both sheets are heated above the 
polyethylene's melting point.  After being heated by the wedge, the overlapped panels pass through a 
set of preset pressure wheels, which compress the two (2) panels together so that a continuous 
homogeneous fusion weld is formed.  The fusion welder is equipped with a temperature readout device 
which continuously monitors the temperature of the wedge.  Extrusion fillet welding consists of 
introducing a ribbon of molten resin along the edge of the seam overlap of the two (2) sheets to be 
welded.  The molten polymer causes some of the material of each sheet to be liquefied resulting in a 
homogeneous bond between the molten weld bead and the surfaces of the sheets.   
 
The Flexible Membrane Liner Manufacturer/Installer will rely on the experience of the Flexible 
Membrane Liner Superintendent and the results of test seams to determine seaming restrictions by 
weather.  Many factors, such as ambient temperature, humidity, wind, sunshine, etc., can affect the 
integrity of field seams and must be taken into account when deciding whether or not seaming should 
proceed.  Responsibility for monitoring these conditions shall lie with the Flexible Membrane Liner 
Superintendent; however, the Engineer may suspend any seaming operation, which is in his opinion, at 
the risk of providing the Owner with a quality product.  Test seams are required prior to daily production 
seaming to determine if the weather conditions will affect the Flexible Membrane Liner System's ability 
to produce quality seams. Additional non-destructive and destructive testing of production seams may 
substantiate the decision made by the Flexible Membrane Liner Superintendent to seam on any given 
day. Fusion Welding is done by first overlapping panels of geomembrane approximately four (4) inches, 
next  clean the seam area prior to seaming to assure the area is clean and free of moisture, dust, dirt, 
debris of any kind.  No grinding is required for fusion welding. Next, adjust the panels so that seams are 
aligned with the fewest possible number of wrinkles and "fishmouths".  A movable protective layer may 
be used, at the discretion of the Flexible Membrane Liner Superintendent, directly below the overlap of 
geomembrane that is to be seamed to prevent build-up of moisture between the panels. 
 
Extrusion Welding is done by overlapping panels of geomembrane a minimum of three (3) inches and 
temporarily bond the panels of geomembrane to be welded taking care not to damage the 
geomembrane. Next grind seam overlap prior to welding within one (1) hour of welding operation in a 
manner that does not damage the geomembrane.  Limit grinding to ¼” outside of the extrusion weld 
area. Clean the seam area prior to seaming to assure the area is clean and free of moisture, dust, dirt, 
and debris of any kind. Purge the extruder prior to beginning the seam to remove all heat-degraded 
extrudate from the barrel. Keep welding rod clean and off the ground. 
 
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. Test seams shall be made on 
fragment pieces of the geomembrane liner and under the same conditions as actual seams.  The test 
seam shall be at least three (3) feet long and should be made by joining two (2) pieces of 
geomembrane at least 9" in width.  Visually inspect the seam for squeeze out, footprint, pressure and 
general appearance. Two random samples one (1) inch wide shall be cut from the test seam.  The 
specimens shall then be tested in peel using a field tensiometer and shall not fail in the seam.  If a 
specimen fails the entire procedure shall be repeated. If any of the second set of specimens fail, the 
seaming apparatus shall not be accepted and shall not be used for seaming until the deficiencies are 
corrected and a passing test seam is achieved. After completion of these tests, the remaining portion of 
test seam can be discarded.  Documentation of the test seams will be maintained listing seam 
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identification number, welder's name, temperature control setting, and test results. Passing test results 
records shall be maintained. 
 
Seaming shall extend to the outside edge of panels to be placed in the anchor trench. While welding a 
seam, monitor and maintain the proper overlap. Inspect seam area to assure area is clean and free of 
moisture, dust, dirt,  and debris of any kind.  While welding a seam, monitor temperature gauges to 
assure proper settings are maintained and that the seaming apparatus is operating properly. Align 
wrinkles at the seam overlap to allow welding through the wrinkle. Fishmouths or wrinkles at seam and 
overlaps that cannot be welded through shall be cut along the ridge in order to achieve a flat overlap.  
The cut fishmouth or wrinkle shall be seamed.  Any portion where the overlap is inadequate shall be 
patched with an oval or round patch of the same geomembrane extending a minimum of six (6) inches 
beyond the cut in all directions. All cross/butt seams between two (2) rows of seamed panels shall be 
welded during the coolest time of the day to allow for contraction of the geomembrane. All "T" joints 
shall have the overlap from the wedge welder seam trimmed back to allow an extrusion fillet weld.  
Then grind two (2) inches minimum on either side of the wedge seam, then extrusion weld all of the 
area prepared by grinding. 

 
The installation crews will non-destructively test all field seams over their full length using air pressure 
testing, vacuum testing or other approved methods, to verify the continuity and integrity of the seams. 
 
Air pressure testing will be conducted.  The welded seam created by double hot-wedge fusion welding 
process is composed of two distinct welded seams separated by an unwelded channel approximately 
3/8 of an inch between the two welded seams permits the double hot-wedge fusion seams to be tested 
by inflating the sealed channel with air to a predetermined pressure, and observing the stability of the 
pressurized channel over time.  An air pump with rubber hose and sharp hollow needle (manual or 
motor driven) capable of generating and sustaining a pressure between 25 to 30 psi will be used to test 
the seam. Seal both ends of the seam to be tested. Insert needle or other approved pressure feed 
device into the sealed channel created by the fusion weld. Inflate the test channel to a pressure 
between 27 to 30 psi, close valve, and observe initial pressure after approximately 2 minutes. For  the  
60 mil HDPE liner the seam has to have a minimum initial pressure of 27 psi and a maximum initial 
pressure of 30 psi.   Initial pressure settings are read after a two-minute "relaxing period".  The purpose 
of this "relaxing period" is to permit the air temperature and pressure to stabilize. Observe and record 
the air pressure five (5) minutes after "relaxing period" ends and when initial pressure setting is used.  If 
loss of pressure exceeds 3 psi or if the pressure does not stabilize, locate faulty area and repair. At the 
conclusion of the pressure test the end of the seam opposite the pressure gauge is cut.  A decrease in 
gauge pressure must be observed or the air channel will be considered "blocked" and the test will have 
to be repeated after the blockage is corrected. Remove needle or other approved pressure feed device 
and seal resulting hole by extrusion welding. 
 
In the event of a Non-Complying Air Pressure Test, check the seam end seals and retest seams. If 
non-compliance with specified maximum pressure differential re-occurs, repair the seam.  When two (2) 
passing samples are located, the seam between these two (2) locations will be considered 
non-complying.  Capping or removal, are the only two (2) acceptable methods of repairing failed seams.  
Non-destruct test the entire length of the repaired seam. 
 
Vacuum testing will be conducted when the geometry of the weld makes air pressure testing impossible 
or impractical or when attempting to locate the precise location of a defect believed to exist after air 
pressure testing. The penetration will be tested using this method. 
 
Vacuum box assembly consists of a rigid housing, a transparent viewing window, a soft neoprene 
gasket attached to the bottom, port hole or valve assembly, a vacuum gauge, vacuum pump assembly 
equipped with a pressure controller and pipe connection, a rubber pressure/vacuum hose with fittings 
and connections, a bucket and means to apply a soapy solution. 
 
The procedure for Vacuum Testing is to trim excess overlap from seam, if any. Turn on the vacuum 
pump to reduce the vacuum box to approximately 5 inch of mercury, i.e., 5 psi. Apply a generous 
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amount of a solution of strong liquid detergent and water to the area to be tested. Place the vacuum 
box over the area to be tested and apply sufficient downward pressure to "seat" the seal strip against 
the liner. Close the bleed valve and open the vacuum valve.  Apply a minimum of 5 in. Hg vacuum to 
the area as indicated by the gauge on the vacuum box. Ensure that a leak tight seal is created. For a 
period of not less than 30 seconds, examine the geomembrane through the viewing window for the 
presence of soap bubbles. If no bubbles appear after 30 seconds, close the vacuum valve and open the 
bleed valve, move the box over the next adjoining area with a minimum 3 in. overlap, and repeat the 
process. The procedure for Non-Complying Test is to mark all areas where soap bubbles appear and 
repair the marked areas. Retest repaired areas. 
 
The procedure for Destructive Testing is to determine and evaluate seam strength.  These tests require 
direct sampling and thus subsequent patching.  Therefore destructive testing should be held to a 
minimum to reduce the amount of repairs to the geomembrane. All destructive tests will be done 
according to ASTM D4437.  The sample should be twelve (12) inches wide with a seam fourteen (14) 
inches long centered lengthwise in the sample.  The sample may be increased in size to accommodate 
independent laboratory testing by the owner at the owner's request or by specific project specifications. 
A one (1) inch sample shall be cut from each end of the test seam for field-testing. The two (2), one (1) 
inch wide samples shall be tested in the field in a tensiometer for peel ASTM D4437.  Tensile strength 
is essentially a measurement of the greatest tension stress a substance can bear without tearing.  If the 
liner tears before any part of the seam does the test is successful.  If any field sample fails to pass, it 
will be assumed the sample fails destructive testing.  Destructive samples will be taken every 500 ft. of 
seam.  
 
In the event of Destructive Test Failure, cut additional field samples for testing.  In the case of a field 
production seam, the samples must lie a minimum of ten (10) feet in each direction from the location of 
the failed sample.  Perform a field test for peel strength.  If these field samples pass, then laboratory 
samples can be cut and forwarded to the laboratory for full testing. All destructive seam samples sent to 
the Flexible Membrane Liner System's laboratory, shall be numbered. If the laboratory samples pass 
then repair the seam between the two (2) passing samples locations. All passing seams must be 
bounded by two (2) locations from which samples passing laboratory destructive tests have been taken.  
Capping or removal of the failed seam are the only two (2) acceptable methods for repairing failed 
seams. 

 
The Flexible Membrane Liner Superintendent shall conduct a detailed walk through and visually check 
all seams and non-seam areas of the geomembrane for defects, holes, blisters and signs of damage 
during installation. All other installation personnel shall, at all times, be on the lookout for any damaged 
areas.  Damaged areas shall be marked and repaired. 

 
Any portion of the geomembrane showing a flaw or failing a destructive or non-destructive test shall be 
repaired.  Several procedures exist for repair and the decision as to the appropriate repair procedure 
shall be made by the Flexible Membrane Liner Superintendent.  Repairs need to be made in a timely 
matter to protect the moist cohesive soil liner and flexible membrane liner. If inclement weather is 
approaching, steps need to be made to protect the cohesive soil liner such as a temporary cover.  If   
cohesive soil liner is damaged, it must be reworked.  Procedures available for repair are (1) Patching - 
used to repair large holes, tears and destructive sample locations.  All patches shall extend at least six 
(6) inches beyond the edges of the defect and all corners of patches shall be rounded, (2) Grinding and 
welding - used to repair sections of extruded seams, (3) Spot welding or seaming - used to repair small 
tears, pinholes or other minor localized flaws, (4) Capping - used to repair lengths of failed seams, (5) 
Removal of a bad seam and replacement with a strip of new material seamed into place. 

 
Every repair shall be non-destructively tested. Repairs which pass the non-destructive test, shall be 
deemed adequate. Large repairs may require a destructive test. Repair test results shall be logged.  
The repair location shall be recorded on an as-built drawing. 
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3.5 HDPE Double Bonded Drainage Net  
 

3.5.1 Materials and Construction Practices 
 
The geonets will be handled in such a manner as to ensure the geonets are not damaged in any way.  
On slopes, the geonets will be secured in the anchor trench and then rolled down the slope in such a 
manner as to continually keep the geonet sheet in tension.  If necessary, the geonet will be positioned 
by hand after being unrolled to minimize wrinkles.  Geonets can be placed in the horizontal direction 
(i.e., across the slope) in some special locations (e.g., where extra layers are required or where slope is 
less than 10:1).  

 
Geonets will not be welded to the geomembrane.  Geonets will be cut using approved cutters,(i.e., hook 
blade, scissors, etc.)  Care should be taken to prevent damage to underlying layers.  Care must be 
taken not to entrap dirt in the geonet that could cause clogging of the drainage system, and or stones 
that could damage the adjacent geomembrane. 

 
Adjacent rolls of geonet will be overlapped by at least four inches and securely tied.  Tying,  can be 
achieved by plastic fasteners.  Tying devices will be white or yellow for easy inspection.  Metallic 
devices are not allowed.  Tying will be five to ten feet along the bottom of the slope. Tying will be every 
five feet along the slope, every two feet across the slope and at the top of the berm.  Tying in the 
anchor trench will be done in one (1) foot intervals.  In the corners of the side slopes where overlaps 
between perpendicular geonet strips are required, an extra layer of geonet will be unrolled along the 
slope, on top of the previously installed geonets, from the top to bottom of the slope. 
 
Any holes or tears in the geonet will be repaired by placing a patch extending two feet beyond edges of 
the hole or tear.  The patch will be secured to the original geonet by tying every twelve inches.  If the 
hole or tear width across the roll is more than 50% the width of the roll, the damaged area will be cut 
out and the two portions of the geonet will be joined.   
 

3.6 Protective Cover  
 

3.6.1. Materials and Construction Practices 
 
The soil for the select site backfill shall consist of suitable site soil free of debris, roots, rocks and 
organics.  The soil shall contain no particles or objects greater than 3/4 inch in largest dimension, which 
has been screened. No permeability, grain size, or other tests are required for this material.  This 
material is not being used as a drainage media, leachate collection lines are installed every fifty feet 
and designed to collect water flowing on top of the protective cover. 
 
Leachate that may permeate thru the protective cover will flow into the composite geonet.  The velocity 
of the leachate thru the protective cover will not be adequate to carry sediment.  However, the 
geotextiles that are bonded to the drainage net are intended to filter out sediment so that it will clog the 
geonet.  The Apparent Opening Size (AOS) of the geotextile is large enough to let water pass but small 
enough to filter out soil particles greater than the number 100 sieve or 0.15 mm.  

 
Installation of the protective cover shall be the responsibility of the contractor.  Before proceeding with 
placement of the protective cover over the liner, the Contractor shall furnish to the Engineer with the 
manufacturer's certification that the lining has been satisfactorily installed in accordance with the 
manufacturer's recommendations. 
 
The protective cover shall be composed of select backfill and backfill.  The cover shall be installed 
using low ground pressure equipment such as a Caterpillar D6H LGP, or approved equal, with ground 
pressure not exceeding 4.71 psi until the depth of cover exceeds three feet. 

 
A minimum of 12 inches of cover between low ground pressure equipment such as the Caterpillar D6H 
LGP, or approved equal, and the liner is required at all times.  Roadways for entering and for 
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transporting material over slopes and floor shall have a minimum depth of four feet. Avoid undue stress 
on the liner at all times.  Cover material must be pushed up side slopes, never down to help minimize 
wrinkles.  A worker must walk along side earth moving equipment and remove all rocks, stones, roots 
or other debris that could cause damage to the liner.  Material must be placed to minimize wrinkles, 
wrinkles in excess of two feet in height are unacceptable.  If a wrinkle is more than two feet in height, 
soil will be placed on top of the wrinkle to decrease the height.  Equipment operators must avoid sharp 
turns or quick stops that could pinch and tear the liner. If damage does occur, report it to the Project 
Manager immediately so that repairs can be performed without needless delay. Cover shall be placed 
and maintained in a uniform thickness, free of ruts and irregularities. Do not work wet cover material 
that cannot support equipment. Equipment operators and all other personnel must be qualified and 
must exercise good judgment and common sense at all times. 

 
3.7 Liner Tie-In 

 
3.7.1. Materials and Construction Practices 
 

 The edge of the existing HDPE liner shall be exposed.  The HDPE liner will be rolled back to expose 
the cohesive soil.  The existing cohesive soil will be keyed into to each subsequent lift of the next 
phase’s cohesive soil.  If geosynthetic clay liner (GCL) is used, the GCL shall cover the keyed in area of 
both the existing and new cohesive soil liners and be in direct contact with the existing and new HDPE 
liners. 

 
 The new HDPE liner shall be overlapped over the existing HDPE liner and an extrusion or fusion weld 

completed along the entire length of the overlapped liners at the tie in and then non-destructively 
tested.  Once the extrusion weld has been completed, a three foot cap will be placed over entire tie in 
seam and the seams non-destructively tested. 

 
3.8 Leachate Collection System  

 
3.8.1. Materials and Construction Practices 
 
All materials and equipment,  shall be furnished by an established and reputable manufacturer, or 
supplier.  All materials and equipment, shall be new and shall be of first class ingredients and 
construction, designed and guaranteed to perform the service required and shall conform with the 
following standard specifications, or shall be the product of the listed manufacturers, or similar and 
equal; thereto, as approved by the Engineer. 
 
The Leachate Collection System consists of No. 5 stone, 4.5 oz. Non-woven Geotextile fabric,  and 
SDR 17 HDPE pipe will be used in the construction of the Leachate Collection System. 
 
A 2’ wide by 3’ deep trench will be dug out of the protective cover as indicated on the operation 
drawings located in section 5 of this document. Excavation for the leachate collection shall be done only 
after the three foot of protective cover has been installed over the flexible membrane liner. Mechanical 
equipment can be used for the first two and one-half feet of excavation.  The remaining one-half foot or 
whatever protective cover remains above the flexible membrane liner shall be excavated by hand so as 
to not damage the liner.  If damage occurs to the liner the Engineer or Owner shall be notified 
immediately and the repair shall take place shortly thereafter.  
 
The 4.5oz non-woven geotextile fabric will be placed in the trench such that it can completely surround 
the trench. No. 5 stone will be placed at a depth of 2” in the whole length of the trench.   Next the butt 
fused perforated SDR 17 6” or 8” HDPE pipe will be placed on top of the 2” thick stone and then 
covered with the No. 5 stone. After the placement of the stone the 4.5oz geotextile will be closed over 
top of the trench. All the leachate collection pipe, as shown on the operation drawings, is connected in a 
way such that all leachate runs to the low spot in the landfill where it will be gravity fed into the sewer 
line. 
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Butt Fusion for HDPE pipe. Clean pipe ends inside and outside with a clean cloth to remove dirt, water, 
grease and other foreign materials. Square (face) the pipe ends using facing tool of the fusion machine. 
Check line-up of pipe ends in fusion machine to see that pipe ends meet squarely and completely over 
the entire surface to be fused.  This is commonly referred to as "adjusting high-low".  It is advisable at 
this point to make sure the clamps are tight so that the pipe does not slip during the fusion process. 
Insert clean heater plate between aligned ends, and bring ends firmly in contact with plate, but do not 
apply pressure while achieving melt pattern.  Carefully move the pipe ends away from the heater plate 
and remove the plate.  (If the softened material sticks to the heater plate, discontinue the joint.  Clean 
heater plate, re-square pipe ends and start over.) 
 
Note:  One pipe end usually moves away from the heater plate first.  It is good practice to "bump" the 
plate away from the other side and then lift it out.  Never drag or slide it over the melted pipe end. 
Bring melted ends together rapidly.  Do not slam.  Apply enough pressure to form a double roll back to 
the body of the pipe brad around the entire circumference of the pipe about 1/8" to 3/16" wide.  
Pressure is necessary to cause the heated material to flow together. Allow the joint to cool and solidify 
properly.  This occurs when the brad feels hard and your finger can remain comfortably on the brad.  
Remove the pipe from the clamps and inspect the joint appearance. 
 
Knife Gate Valves will be placed in several places to control stormwater and leachate as indicated in 
the operation drawings.  

 
3.9 Sewer Line  

 
3.9.1. Materials and Construction Practices 
 
The sewer line consists of a SDR 17 HDPE dual containment pipe, 8” carrier by 12” containment, 
Polyethylene manholes are placed along the sewer line. The sewer line runs to the Leachate Lagoon 
where it is aerated as needed, recirculated or pumped to its appropriate location.  

 
All Gravity Flow Pipeline shall be installed using a laser for control of vertical and horizontal alignment.  
The Contractor shall follow accepted practices in the utilization of the laser.  A certified laser operator 
shall be present on the job at all times.  Care shall be exercised to assure that the alignment control 
range of the instrument is not exceeded; but in no case, shall the range exceed 500 feet.  Care shall be 
taken to prevent vibration of or direct sunlight on the instrument.  Where present, a blower shall be 
provided to purge glue vapors from the pipe.  An air velocity meter shall be provided so that the velocity 
of air in the pipe will not be great enough to cause the light beam to be distorted.  The Contractor shall 
coordinate the work to minimize the number of take downs and set ups at each point.  Periodic checks 
of the laser shall be made to assure that alignment is maintained. 

 
Each pipe shall be laid on an even, firm bed, so that no uneven strain will come to any part of the pipe. 
Before each piece of pipe is lowered into the trench, it shall be thoroughly inspected to insure it’s being 
clean.  Each piece of pipe shall be lowered separately.  No piece of pipe or fitting which is known to be  
defective, shall be laid or placed in the lines.  If any defective pipe or fitting shall be discovered after the 
pipe is laid it shall be removed and replaced with a satisfactory pipe or fitting without additional charge.  
In case a length of pipe is cut to fit in a line, it shall be so cut as to leave a smooth end at right angles to 
the longitudinal axis of the pipe. 

 
Butt Fusion for HDPE pipe. Clean pipe ends inside and outside with a clean cloth to remove dirt, water, 
grease and other foreign materials. Square (face) the pipe ends using facing tool of the fusion machine. 
Check line-up of pipe ends in fusion machine to see that pipe ends meet squarely and completely over 
the entire surface to be fused.  This is commonly referred to as "adjusting high-low".  It is advisable at 
this point to make sure the clamps are tight so that the pipe does not slip during the fusion process. 
Insert clean heater plate between aligned ends, and bring ends firmly in contact with plate, but do not 
apply pressure while achieving melt pattern.  Carefully move the pipe ends away from the heater plate 
and remove the plate.  (If the softened material sticks to the heater plate, discontinue the joint.  Clean 
heater plate, re-square pipe ends and start over.) 
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Note:  One pipe end usually moves away from the heater plate first.  It is good practice to "bump" the 
plate away from the other side and then lift it out.  Never drag or slide it over the melted pipe end. 
 
Bring melted ends together rapidly.  Do not slam.  Apply enough pressure to form a double roll back to 
the body of the pipe brad around the entire circumference of the pipe about 1/8" to 3/16" wide.  
Pressure is necessary to cause the heated material to flow together. Allow the joint to cool and solidify 
properly.  This occurs when the brad feels hard and your finger can remain comfortably on the brad.  
Remove the pipe from the clamps and inspect the joint appearance. 

 

 HDPE Dual Containment Force main - ASTM D3350. All HDPE pipe shall be tested at its rated working 

pressure. In no case shall there be any visible leakage, nor shall there be leakage between any section 

of pipe. 
 

3.10 Closure Cohesive Soil Cap  
 

3.10.1. Materials and Construction Practices 
 

All materials and equipment shall be new and shall be of first class ingredients and construction, 
designed and guaranteed to perform the service required and shall conform with the following standard 
specifications or shall be the product of the listed manufacturers or similar and equal thereto as 
approved by the Engineer. 
 
The soil for the cohesive soil cap shall consist of on-site soils if a permeability of 1.0 x 10

-5
 cm/sec or 

less is achieved. Off-site cohesive soils may be used if approved by the Engineer and provides a 
permeability of 1.0 x 10

-5
 cm/sec or lower Wyoming bentonite or an approved equivalent may be 

blended with the soil to lower the soil's permeability.  
 
A permeability “window” shall be developed for each type of soil from the borrow material that will be 
used for construction of the cohesive soil cap.  The window shall be plotted on a semi-log plot with 
moisture content versus density.  Laboratory testing to develop the window shall include a series of 
remolded samples compacted to various dry densities and moisture contents utilizing the same 
compactive effort (ASTM D 698 or D 1557).  The remolded samples shall be tested for permeability to 
determine whether or not the particular soil type will provide the maximum permeability (1.0 x 10

-5
 

cm/sec) at various dry densities and moisture contents.  The window is then developed from the 
accepted remolded samples and moisture contents from the semi-log plot.  A straight line is typically 
drawn between the acceptable points on the moisture-density curve to indicate a range of probable 
acceptable permeability results.  The window will be used in the construction of the test strip to verify 
the laboratory remolded permeability results. 
 
A test strip of compacted cohesive soil cap shall be prepared to verify the permeability “window” prior to 
general installation of the cohesive soil cap.  The test strip will be used to verify the results from the 
remolded permeabilities from the borrow site utilizing the permeability window(s) for each soil type that 
is going to be used for construction of the cohesive soil cap.  At a minimum, the verification will consist 
of three moisture density tests, one Atterberg limits test, one grain size distribution test (ASTM D2487, 
D4318, and D422), and one Shelby Tube sample for each lift constructed in the test pad. Laboratory 
permeability tests shall be performed on tube (Shelby or drive tubes) samples of the cohesive soil cap 
after placement and compaction. The permeability must be a maximum of 1.0 x10

-5
cm/sec. Tests shall 

be performed in accordance with the ASTM D5084. The test strip shall be approximately 2,500 sq. ft. in 
surface area and constructed to conform geometrically to the site topography with a minimum lateral 
dimension in any direction of 25 ft.  The test strip shall consist of at least three compacted 6 inch lifts of 
cohesive soil cap.  Placement and testing of the test strip shall be in conformance with the construction 
specifications and requirements for general installation of the cohesive soil cap.  Test results from the 
test strip shall be used to guide placement and achievement of the required maximum permeability of 
1.0 x 10

-5
 cm/sec of the cohesive soil cap.  The test strip may be used as an integral part of the overall 

cohesive soil cap if it meets the required specification for the cap.  All results shall be given to the 
Construction Observer (CO). 
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After the test strip passes, soil will be placed to the total thickness shown on the plans in maximum 8-
inch thick loose lifts with a maximum 6" compacted lift.  A sheepsfoot roller or approved alternative may 
be used to compact the soil cap provided the compaction and permeability requirements can be 
achieved.  Each lift shall be tested for permeability, moisture content, particle size distribution analysis, 
Atterberg limits, moisture-density-permeability relation, and if needed percent bentonite admixed with 
soil, prior to the placement of the succeeding lift and visually inspected to confirm that all soil clods 
have been broken and that the surface is sufficiently scarified so that adequate bonding can be 
achieved.  Soils for cohesive soil cap shall be screened, disked, or prepared using any other, approved 
method as necessary to obtain a homogeneous cohesive soil with clod sizes in a soil matrix no larger 
than about 1.5 inches in maximum diameter. The clay cap must be a minimum of 1.5 feet thick. No 
additional construction shall proceed on the soil cap at the area being tested until the Engineer has 
reviewed the results of the tests and judged the desired permeability is being achieved.  If the soil for 
the cohesive soil cap is incapable of achieving the required permeability when compacted, bentonite or 
approved alternative may be mixed with the soils to decrease the permeability.  The amount of additive 
required must be determined in the laboratory.  

 
The thickness and grade of the clay cap will be verified by the engineer before placement of the 
geomembrane liner. The thickness and grade will be verified by surveying the cap at 50’ grid points 
where the elevations of the subbase will be checked with the top of soil cap to verify 1.5 feet of cap. 
The grade will then be verified with the surveyed information. The survey will be performed by N.C.  
Professional Surveyors.  

 
Surfaces to be lined shall be smooth and free of debris, roots, and angular or sharp rocks larger than 
three-eight (3/8) inches in diameter to a depth of six (6) inches.  The cohesive soil cap shall have no 
sudden sharp or abrupt changes in grade. The Contractor shall protect the cohesive soil cap from 
desiccation, flooding and freezing.  Protection, if required, may consists of a thin plastic protective 
cover, (or other material as approved by the engineer) installed over the completed cohesive soil cap 
until such time as the placement of flexible membrane liner begins.  Areas found to have any 
desiccation cracks or which exhibit swelling, heaving or other similar conditions will be replaced or 
reworked by the contractor to remove these defects.   
 
The anchor trench shall be excavated by the Contractor to lengths and widths shown on the design 
drawings prior to geomembrane placement. Anchor trenches excavated in clay soils susceptible to 
desiccation cracks should be excavated only the distance required for that days liner placement to 
minimize the potential of desiccation cracking of the clay soils. Corners in the anchor trench shall be 
slightly rounded where the geomembrane adjoins the trench to minimize sharp bends in the 
geomembrane.  
 
 Upon request, the Flexible Membrane Liner manufacturer installer shall provide the Engineer with a 
written acceptance of the surface prior to commencing installation. Subsequent repairs to the cohesive 
soil cap and the surface shall remain the responsibility of the contractor. 

 
3.11 Closure Flexible Membrane Liner  

 
3.11.1 Materials and Construction Practices 
 
All materials and equipment shall be furnished by an established and reputable manufacturer or 
supplier.  All materials and equipment shall be new and shall be of first class ingredients and 
construction, designed and guaranteed to perform the service required and shall conform with the 
following standard specifications or shall be the product of the listed manufacturers or similar and equal 
thereto as approved by the Engineer. 

 
The 40 mil Linear Low Density Polyethylene (LLDPE) is to be placed in direct contact with moist 
cohesive soil cap.  The extrusion cap and/or brads used in seaming the rolls together shall be derived 
from the same base resin as the liner.  
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Prior to commencement of liner deployment, layout drawings shall be produced to indicate the panel 
configuration and location of seams for the project.  Each panel used for the installation shall be given a 
numeric or alpha-numeric identification number consistent with the layout drawing.  This identification 
number shall be related to manufacturing roll number that identifies the resin type, batch number and 
date of manufacture. The Flexible Membrane Liner Manufacturer/Installer shall install field panels at the 
location indicated on the layout drawing.  If the panels are deployed in a location other than that 
indicated on the layout drawings, the revised location shall be noted in the field on a layout drawing, 
which will be modified at the completion of the project to reflect actual panel locations. 

 
Geomembrane deployment shall not be carried out during any precipitation, nor in the presence of 
excessive moisture (i.e. fog, dew), in an area of standing water, or during high winds.  The method and 
equipment used to deploy the panels must not damage the geomembrane or the supporting subgrade 
surface. No personnel working on the geomembrane will smoke, wear shoes that can damage the 
geomembrane, or engage in actions, which could result in damage to the geomembrane. Adequate 
temporary loading and/or anchoring, (i.e. sandbags, tires), which will not damage the geomembrane, 
will be placed to prevent uplift of the geomembrane by wind.  If uplift occurs, additional sandbags will be 
placed in necessary areas. The geomembrane will be deployed in a manner to minimize wrinkles. Any 
area of a panel seriously damaged (torn, twisted, or crimped) will be marked, cut out and removed from 
the work area with resulting seaming and/or repairs performed. In general, seams shall be oriented 
parallel to the slope, i.e., oriented along, not across the slope.  Whenever possible, horizontal seams 
should be located not less than five (5) feet from the toe of the slope.  Each seam made in the field 
shall be numbered in a manner that is compatible with the panel layout drawing for documentation of 
seam testing results. 

 
All personnel performing seaming operations shall be trained in the operation of the specific seaming 
equipment being used and will qualify by successfully welding a test seam. The project foreman will 
provide direct supervision of all personnel seaming to verify proper welding procedures are followed. 
Qualified liner installers, seamers, and the liner foreman shall meet a minimum requirement of 
1,000,000 square feet of geomembrane installation. There are no other minimum qualifications needed 
by other parties. 

 
The flexible membrane liner will be welded together by fusion and extrusion fillet welding methods.  
Fusion Welding consists of placing a heated wedge, mounted on a self propelled vehicular unit, 
between two (2) overlapped sheets such that the surface of both sheets are heated above the 
polyethylene's melting point.  After being heated by the wedge, the overlapped panels pass through a 
set of preset pressure wheels, which compress the two (2) panels together so that a continuous 
homogeneous fusion weld is formed.  The fusion welder is equipped with a temperature readout device, 
which continuously monitors the temperature of the wedge.  Extrusion fillet welding consists of 
introducing a ribbon of molten resin along the edge of the seam overlap of the two (2) sheets to be 
welded.  The molten polymer causes some of the material of each sheet to be liquefied resulting in a 
homogeneous bond between the molten weld bead and the surfaces of the sheets.   

 
The Flexible Membrane Liner Manufacturer/Installer will rely on the experience of the Flexible 
Membrane Liner Superintendent and the results of test seams to determine seaming restrictions by 
weather.  Many factors, such as ambient temperature, humidity, wind, sunshine, etc., can affect the 
integrity of field seams and must be taken into account when deciding whether or not seaming should 
proceed.  Responsibility for monitoring these conditions shall lie with the Flexible Membrane Liner 
Superintendent; however, the Engineer may suspend any seaming operation, which is, in his opinion, at 
the risk of providing the Owner with a quality product.  Test seams are required prior to daily production 
seaming to determine if the weather conditions will affect the Flexible Membrane Liner System's ability 
to produce quality seams. Additional non-destructive and destructive testing of production seams may 
substantiate the decision made by the Flexible Membrane Liner Superintendent to seam on any given 
day. Fusion Welding is done,  by first overlapping panels of geomembrane approximately four (4) 
inches, next clean the seam area prior to seaming to assure the area is clean and free of moisture, 
dust, dirt, debris of any kind.  No grinding is required for fusion welding. Next, adjust the panels so that 
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seams are aligned with the fewest possible number of wrinkles and "fishmouths".  A movable protective 
layer may be used, at the discretion of the Flexible Membrane Liner Superintendent, directly below the 
overlap of geomembrane that is to be seamed to prevent build-up of moisture between the panels. 
 
Extrusion Welding is done by overlapping panels of geomembrane a minimum of three (3) inches and 
temporarily bond the panels of geomembrane to be welded taking care not to damage the 
geomembrane. Next grind seam overlap prior to welding within one (1) hour of welding operation in a 
manner that does not damage the geomembrane.  Limit grinding to ¼” outside of the extrusion weld 
area. Clean the seam area prior to seaming to assure the area is clean and free of moisture, dust, dirt, 
and debris of any kind. Purge the extruder prior to beginning the seam to remove all heat-degraded 
extrudate from the barrel. Keep welding rod clean and off the ground. 

 
Test seams shall be performed at the beginning of each seaming period and at approximately every 4-
working hour intervals for each seaming apparatus used that day.  Test seams shall be made on 
fragment pieces of the geomembrane liner and under the same conditions as actual seams.  The test 
seam shall be at least three (3) feet long and should be made by joining two (2) pieces of 
geomembrane at least 9" in width.  Visually inspect the seam for squeeze out, footprint, pressure and 
general appearance. Two random samples one (1) inch wide shall be cut from the test seam.  The 
specimens shall then be tested in peel using a field tensiometer and shall not fail in the seam.  If a 
specimen fails the entire procedure shall be repeated. If any of the second set of specimens fail, the 
seaming apparatus shall not be accepted and shall not be used for seaming until the deficiencies are 
corrected and a passing test seam is achieved. After completion of these tests, the remaining portion of 
test seam can be discarded.  Documentation of the test seams will be maintained listing seam 
identification number, welder's name, temperature control setting, and test results. Passing test results 
records shall be maintained. 

 
Seaming shall extend to the outside edge of panels to be placed in the anchor trench. While welding a 
seam, monitor and maintain the proper overlap. Inspect seam area to assure area is clean and free of 
moisture, dust, dirt, and debris of any kind. While welding a seam, monitor temperature gauges to 
assure proper settings are maintained and that the seaming apparatus is operating properly. Align 
wrinkles at the seam overlap to allow welding through the wrinkle. Fishmouths or wrinkles at seam and 
overlaps that cannot be welded through shall be cut along the ridge in order to achieve a flat overlap.  
The cut fishmouth or wrinkle shall be seamed.  Any portion where the overlap is inadequate shall be 
patched with an oval or round patch of the same geomembrane extending a minimum of six (6) inches 
beyond the cut in all directions. All cross/butt seams between two (2) rows of seamed panels shall be 
welded during the coolest time of the day to allow for contraction of the geomembrane. All "T" joints 
shall have the overlap from the wedge welder seam trimmed back to allow an extrusion fillet weld.  
Then grind two (2) inches minimum on either side of the wedge seam, then extrusion weld all of the 
area prepared by grinding. 

 
The installation crews will non-destructively test all field seams over their full length using air pressure 
testing, vacuum testing or other approved methods, to verify the continuity and integrity of the seams. 

 
Air pressure testing will be conducted.  The welded seam created by double hot-wedge fusion welding 
process is composed of two distinct welded seams separated by an unwelded channel approximately 
3/8 of an inch between the two welded seams permits the double hot-wedge fusion seams to be tested 
by inflating the sealed channel with air to a predetermined pressure, and observing the stability of the 
pressurized channel over time.  An air pump with rubber hose and sharp hollow needle (manual or 
motor driven) capable of generating and sustaining a pressure between 25 to 30 psi will be used to test 
the seam. Seal both ends of the seam to be tested. Insert needle or other approved pressure feed 
device into the sealed channel created by the fusion weld. Inflate the test channel to a pressure 
between 25 to 30 psi, close valve, and observe initial pressure after approximately 2 minutes. For the  
40 mil LLDPE liner the seam has to have a minimum initial pressure of 25 psi and a maximum initial 
pressure of 30 psi.   Initial pressure settings are read after a two-minute "relaxing period".  The purpose 
of this "relaxing period" is to permit the air temperature and pressure to stabilize. Observe and record 
the air pressure five (5) minutes after "relaxing period" ends and when initial pressure setting is used.  If 
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loss of pressure exceeds 4 psi or if the pressure does not stabilize, locate faulty area and repair. At the 
conclusion of the pressure test the end of the seam opposite the pressure gauge is cut.  A decrease in 
gauge pressure must be observed or the air channel will be considered "blocked" and the test will have 
to be repeated after the blockage is corrected. Remove needle or other approved pressure feed device 
and seal resulting hole by extrusion welding. 

 
In the event of a Non-Complying Air Pressure Test, check the seam end seals and retest seams. If 
non-compliance with specified maximum pressure differential re-occurs, repair the seam.  When two (2) 
passing samples are located, the seam between these two (2) locations will be considered 
non-complying.  Capping or removal,  of the non-complying seam are the only two (2) acceptable 
methods for repairing failed seams.  Non-destruct test the entire length of the repaired seam. 

 
Vacuum testing will be conducted when the geometry of the weld makes air pressure testing impossible 
or impractical or when attempting to locate the precise location of a defect believed to exist after air 
pressure testing. The penetration will be tested using this method. 

 
Vacuum box assembly consists of a rigid housing, a transparent viewing window, a soft neoprene 
gasket attached to the bottom, port hole or valve assembly, a vacuum gauge, vacuum pump assembly 
equipped with a pressure controller and pipe connection, a rubber pressure/vacuum hose with fittings 
and connections, a bucket and means to apply a soapy solution. 
 
The procedure for Vacuum Testing is to trim excess overlap from seam, if any. Turn on the vacuum 
pump to reduce the vacuum box to approximately 5 inch of mercury, i.e., 5 psi gauge. Apply a generous 
amount of a solution of strong liquid detergent and water to the area to be tested. Place the vacuum 
box over the area to be tested and apply sufficient downward pressure to "seat" the seal strip against 
the liner. Close the bleed valve and open the vacuum valve.  Apply a minimum of 5 in. Hg vacuum to 
the area as indicated by the gauge on the vacuum box. Ensure that a leak tight seal is created. For a 
period of not less than 30 seconds, examine the geomembrane through the viewing window for the 
presence of soap bubbles. If no bubbles appear after 30 seconds, close the vacuum valve and open the 
bleed valve, move the box over the next adjoining area with a minimum 3 in. overlap, and repeat the 
process. The procedure for Non-Complying Test is to mark all areas where soap bubbles appear and 
repair the marked areas. Retest repaired areas. 

 
The procedure for Destructive Testing is to determine and evaluate seam strength.  These tests require 
direct sampling and thus subsequent patching.  Therefore destructive testing should be held to a 
minimum to reduce the amount of repairs to the geomembrane. All destructive tests will be done 
according to ASTM D4437.  The sample should be twelve (12) inches wide with a seam fourteen (14) 
inches long centered lengthwise in the sample.  The sample may be increased in size to accommodate 
independent laboratory testing by the owner at the owner's request or by specific project specifications. 
A one (1) inch sample shall be cut from each end of the test seam for field-testing. The two (2), one (1) 
inch wide samples shall be tested in the field in a tensiometer for peel ASTM D4437.  Tensile strength 
is essentially a measurement of the greatest tension stress a substance can bear without tearing.  If the 
liner tears before any part of the seam does the test is successful.  If any field sample fails to pass, it 
will be assumed the sample fails destructive testing.  Destructive samples will be taken every 500 ft. of 
seam.  

 
In the event of Destructive Test Failure, cut additional field samples for testing.  In the case of a field 
production seam, the samples must lie a minimum of ten (10) feet in each direction from the location of 
the failed sample.  Perform a field test for peel strength.  If these field samples pass, then laboratory 
samples can be cut and forwarded to the laboratory for full testing. All destructive seam samples sent to 
the Flexible Membrane Liner System's laboratory, shall be numbered. If the laboratory samples pass 
then repair the seam between the two (2) passing samples locations. All passing seams must be 
bounded by two (2) locations from which samples passing laboratory destructive tests have been taken. 
Capping or removal,  of the failed seam are the only two (2) acceptable methods for repairing failed 
seams. 
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The Flexible Membrane Liner Superintendent shall conduct a detailed walk through and visually check 
all seams and non-seam areas of the geomembrane for defects, holes, blisters and signs of damage 
during installation. All other installation personnel shall, at all times, be on the lookout for any damaged 
areas.  Damaged areas shall be marked and repaired. 
 
Any portion of the geomembrane showing a flaw or failing a destructive or non-destructive test shall be 
repaired.  Several procedures exist for repair and the decision as to the appropriate repair procedure,  
shall be made by the Flexible Membrane Liner Superintendent.  Repairs need to be made in a timely 
matter to protect the moist cohesive soil cap and flexible membrane liner. If inclement weather is 
approaching, steps need to be made to protect the cohesive soil cap such as a temporary cover.  If 
cohesive soil cap is damaged, it must be reworked.  Procedures available for repair are (1) Patching - 
used to repair large holes, tears and destructive sample locations.  All patches shall extend at least six 
(6) inches beyond the edges of the defect and all corners of patches shall be rounded, (2) Grinding and 
welding - used to repair sections of extruded seams, (3) Spot welding or seaming - used to repair small 
tears, pinholes or other minor localized flaws, (4) Capping - used to repair lengths of failed seams, (5) 
Removal of a bad seam and replacement with a strip of new material seamed into place. 
 
Every repair shall be non-destructively tested. Repairs, which pass the non-destructive test, shall be 
deemed adequate. Large repairs may require a destructive test. Repair test results shall be logged.  
The repair location shall be recorded on an as-built drawing. 
 

3.12 Closure HDPE Double Bonded Drainage Net  
 

3.12.1 Materials and Construction Practices 
 
The geonets will be handled in such a manner as to ensure the geonets are not damaged in any way.  
On slopes, the geonets will be secured in the anchor trench and then rolled down the slope in such a 
manner as to continually keep the geonet sheet in tension.  If necessary, the geonet will be positioned 
by hand after being unrolled to minimize wrinkles.  Geonets can be placed in the horizontal direction 
(i.e., across the slope) in some special locations (e.g., where extra layers are required or where slope is 
less than 10:1).  

 
Geonets will not be welded to the geomembrane.  Geonets will be cut using approved cutters,(i.e., hook 
blade, scissors, etc.)  Care should be taken to prevent damage to underlying layers.  Care must be 
taken not to entrap dirt in the geonet that could cause clogging of the drainage system, and or stones 
that could damage the adjacent geomembrane. 

 
Adjacent rolls of geonet will be overlapped by at least four inches and securely tied.  Tying can be 
achieved,  by plastic fasteners.  Tying devices will be white or yellow for easy inspection.  Metallic 
devices are not allowed.  Tying will be five to ten feet along the bottom of the slope. Tying will be every 
five feet along the slope, every two feet across the slope and at the top of the berm.  Tying in the 
anchor trench will be done in one-foot intervals.  In the corners of the side slopes where overlaps 
between perpendicular geonet strips are required, an extra layer of geonet will be unrolled along the 
slope, on top of the previously installed geonets, from the top to bottom of the slope. 

 
Any holes or tears in the geonet will be repaired by placing a patch,  extending two feet beyond edges 
of the hole or tear.  The patch will be secured to the original geonet by tying every twelve inches.  If the 
hole or tear width across the roll is more than 50% the width of the roll, the damaged area will be cut 
out and the two portions of the geonet will be joined.   
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3.13 Closure Protective Cover  
 

3.13.1 Materials and Construction Practices 
 

The soil for the select site backfill shall consist of suitable site soil free of debris, roots, rocks and 
organics.  The soil shall contain no particles or objects greater than 3/4 inch in largest dimension, which 
has been screened. No permeability, grain size, or other tests are required for this material.   

 

Installation of the protective cover shall be the responsibility of the contractor.  Before proceeding with 
placement of the protective cover over the liner, the Contractor shall furnish to the Engineer with the 
manufacturer's certification that the lining has been satisfactorily installed in accordance with the 
manufacturer's recommendations. 

 

The protective cover shall be composed of 24” of select backfill. The cover shall be installed using low 
ground pressure equipment such as a Caterpillar D6H LGP, or approved equal, with ground pressure 
not exceeding 4.71 psi until the depth of cover exceeds three feet. 
 

A minimum of 12 inches of cover between low ground pressure equipment such as the Caterpillar D6H 
LGP, or approved equal, and the liner is required at all times.  Roadways for entering and for 
transporting material over slopes and floor shall have a minimum depth of four feet. Avoid undue stress 
on the liner at all times.  Cover material must be pushed up side slopes, never down to help minimize 
wrinkles.  A worker must walk along side earth moving equipment and remove all rocks, stones, roots 
or other debris that could cause damage to the liner.  Material must be placed to minimize wrinkles, 
wrinkles in excess of two feet in height are unacceptable.  If a wrinkle is more than two feet in height, 
soil will be placed on top of the wrinkle to decrease the height.  Equipment operators must avoid sharp 
turns or quick stops that could pinch and tear the liner. If damage does occur, report it to the Project 
Manager immediately so that repairs can be performed without needless delay. Cover shall be placed 
and maintained in a uniform thickness, free of ruts and irregularities. Do not work wet cover material 
that cannot support equipment. Equipment operators and all other personnel must be qualified and 
must exercise good judgment and common sense at all times. 

 

3.14 Closure Methane Venting System 
 
3.14.1 Materials and Construction Practices 
 
The Methane Gas Venting System will consist of No. 5 stone, 8 oz. Geotextile fabric, and 8" PVC pipe 
will be used in the construction of the Gas venting system.  

 
A 2’ wide by 1’ deep trench will be dug out of the intermediate cover as indicated on the operation 
drawings located in section 5 of this document.  An 8oz geotextile fabric will be placed inside the trench 
such that it can completely surround the trench.  No. 5 stone will be placed solely in the whole length of 
the trench except for the first 10’ in all directions of the 10” PVC solid walled vent pipe, where 8” PVC 
pipe shall be placed and covered with the No. 5 stone. After the placement of the stone the 8oz 
geotextile will be closed over top of the trench.  
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SECTION 4.0 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

CONSTRUCTION 
QUALITY ASSURANCE 

PLAN 
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4.1 Introduction 
 

The Division of Waste Management (Division) requires that the Engineer certify the constructed landfill is built 
according to approved plans and specifications.  The Engineer that will accomplish this task is the one who 
did the planning and has written the specifications.   
 

Before construction can begin a pre-construction meeting will be held and the responsibilities and duties of 
each party will be discussed. 
 

The parties involved in the construction of the landfill are the Owner, Contractor and Engineer.  The 
Contractor is contractually responsible to the Owner.  The Engineer is the Owner’s representative during the 
construction period.  The duties and responsibilities and the limitations of authority of the Engineer as the 
Owner’s representative are set forth in the Contract Document and will not be changed without written 
consent of the Owner and Engineer. 
 

The Contactor will purchase and supply all materials that are part of the landfill construction.  They will employ 
subcontractors who will install and non-destructively test all flexible membrane liners.  They will also employ a 
North Carolina licensed geotechnical engineer and land surveyor.  The geotechnical engineer will test, report 
and certify the results for all structural and cohesive soils that are incorporated in the landfill. The surveyor will 
report and certify elevations of the as-built sub-grade, top of clay and protective cover. 
 

The Contractor is responsible for following and meeting the requirements set forth in the contract documents. 
The Contractors will provide to the Owner of the landfill and the Engineer a completed landfill constructed by 
Division approved plans and specifications. The Contractor will give the Engineer a schedule for completion of 
the landfill including dates for expected construction of the clay test pad, base liner system installation, 
installation of protective cover, installation of leachate collection system, construction of final cover system, 
gas venting system and estimated time for project completion. The contractor is responsible for providing a 
foreman to remain on site at all times during construction, provide qualified personnel to conduct quality 
control, scheduling and coordinating the subcontractors, provide progress reports and as-built drawings, and 
coordinating construction activities with the Engineer.  The foreman is responsible for supervising and 
coordinating with his crew, subcontractors, quality control personnel, attending all meetings and notifying the 
Engineer’s Construction Observer when any discrepancies occur. The Contractor will meet with the 
Construction Observer on a daily basis to discuss the days construction activities.  The results of all tests and 
any change in schedule shall be given to the Construction Observer as soon they are known by the 
contractor.  The Contractor must be registered in the state of North Carolina. 
 

As the owner’s representative, the Engineer will employ the onsite construction observer.  The Engineer will 
also employ all third party laboratories for conformance testing of the geosynthetics, destructive flexible 
membrane liner tests and random cohesive soil permeability tests. 
 

The Engineer is responsible for providing the engineering design, drawings and specifications, contract 
documents and CQA needed for construction of the landfill.  The Engineer is responsible for conduction of the 
pre-construction meeting, which will lay out the foundation for the project.  The engineer will approve any 
design changes and certify to the Division that the landfill was constructed according to the requirements of 
Rule .1621 Construction Quality Assurance Plan and .1624 Construction requirements for MSWLF Facilities, 
and Division approved plans and specifications.  This will be accomplished by on site observation, 
independent laboratory soil testing to test site specific soil properties including permeability and independent 
material testing laboratories for destructive testing of the flexible membrane liner. The Engineer will be 
providing Quality Assurance by spot testing along side the contractor, who will be providing the Quality 
Control.  The Engineer will certify that the construction was completed in accordance with the CQA manual.  
The Engineer must be a professional engineer registered in North Carolina. 
 

The Construction Observer (CO) is the Engineer’s representative on-site. It is the CO’s responsibility to know 
and interpret the plans and specifications of the project. On a daily basis the CO will coordinate with the 
Foreman to help ensure a quality product for the Owner. The CO will keep a daily log on the activities of the 
Contractor, keep notes on all meetings, and handle all quality assurance activities indicated in this document. 
The CO will keep a log of all material delivered on site and ensure the materials meets or exceeds the 
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specifications indicated in this report.  If the need arises additional meetings will be scheduled as seen fit by 
the CO. 
 

4.2  Inspection Activities and Sampling Strategies  
 

Each component of the liner system shall have the interface friction angle conformance test (ASTM D5321) 
and shall have a minimum passing value of 26 degrees. Test frequency shall be 1 test per every 200,000 
square feet of material. 
  

4.2.1. Base Liner System Subbase 
 

The fill subgrade will be placed in 8” loose lifts and compacted to at least 95% of maximum dry density 
and near optimum moisture contents; as determined by Standard Proctor Compaction Test (ASTM 
D698) in 6” compacted lifts. No aggregate particles greater than 6” in any direction will be allowed in the 
subgrade or berm/embankment.  Each compacted lift will be tested at one test per six inch (6”) lift for 
each 200 lineal feet or fraction thereof of compacted berm(s) less than 50 feet in base width and one 
test per six (6) inch lift for each 10,000 square feet or fraction thereof of compacted mass fill.   If an area 
fails, it shall be recompacted, reworked or replaced and retested. 
 

Before beginning construction of the base liner system, the Engineer shall visually inspect the exposed 
surface to evaluate the suitability of the subgrade and document that the surface is properly prepared 
and that the elevations are consistent with the Division approved engineering plans.  The elevations will 
be verified from survey data based on a 50 foot grid across the subbase. 

 

At a minimum, the subgrade shall be proof-rolled at cut sections utilizing a fully loaded tandem dump 
truck or equivalent.  If movement of the subbase is observed under the tires, the section of movement 
will be removed and replaced with suitable fill material.  This newly placed fill material will then be 
tested for proper density and moisture. 
 

4.2.2 Base Liner System Cohesive Soil Liner 
 

All materials and equipment shall be new and shall be of first class ingredients and construction, 
designed and guaranteed to perform the service required and shall conform with the following standard 
specifications or shall be the product of the listed manufacturers or similar and equal thereto as 
approved by the Engineer. 
 

Cohesive Soil Liner Borrow Material 
 

Test Name Test Method Contractor/Engineer 
Frequency 

   

Moisture/Density ASTM D698/D1557 1 per 5000 c.y.  
Remolded Permeability ASTM D5084 1 per 5000 c.y. 

Atterberg Limits ASTM D4318 1 per 5000 c.y. 
Visual Classification ASTM D2487 1 per 5000 c.y. 

Grain Size Distribution ASTM D422 1 per 5000 c.y. 
   

Cohesive Soil Liner Test Pad 
 

Test Name Test Method Contractor/Engineer 
Frequency 

   

Field Moisture/Density ASTM D1556 (sand cone)  
  ASTM D2922/D3017 (nuclear gauge)  

ASTM D2937 (drive cylinder) 

3 per lift  

Permeability ASTM D5084 1 per lift 
Remolded Permeability ASTM D5084 1 per lift 

Atterberg Limits ASTM D4318 1 per lift  
Visual Classification ASTM D2487 1 per lift  

Grain Size Distribution ASTM D422 1 per lift  
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 In-Place Cohesive Soil Liner 
 

Test Name Test Method Contractor/Engineer 
Frequency 

   
Field Moisture/Density ASTM D1556 (sand cone) 

 ASTM D2922/D3017 (nuclear gauge)  
ASTM D2937 (drive cylinder) 

1 per lift per acre 

Permeability ASTM D5084 1 per lift per acre 
Atterberg Limits ASTM D4318 1 per lift per acre 

Visual Classification ASTM D2487 1 per lift per acre 
Grain Size Distribution ASTM D422 1 per lift per acre 

 
(a) Suitable on-site and/or off-site soils may be used as cohesive soil liner if it can achieve an in-place 
permeability of 1.0 x 10

-7
 cm/sec or less for the base liner system or 1.0 x 10

-5
 cm/sec or less for the 

alternate base liner system and meets all testing requirements indicated in the material testing 
paragraph in this section. Wyoming bentonite or an approved equivalent may be blended with the soil 
to lower the soil's permeability. 

 
(b) A permeability “window” shall be developed for each type of soil from the borrow material that will 
be used for construction of the cohesive soil liner.  The window shall be plotted on a semi-log plot 
with moisture content versus density.  Laboratory testing to develop the window shall include a series 
of remolded samples compacted to various dry densities and moisture contents utilizing the same 
compactive effort (ASTM D 698 or D 1557).  The remolded samples shall be tested for permeability to 
determine whether or not the particular soil type will provide the maximum permeability (1.0 x 10

-7
 

cm/sec or 1.0 x 10
-5

 cm/sec) at various dry densities and moisture contents.  The window is then 
developed from the accepted remolded samples and moisture contents from the semi-log plot.  A 
straight line is typically drawn between the acceptable points on the moisture-density curve to indicate 
a range of probable acceptable permeability results.  The window will be used in the construction of 
the test strip to verify the laboratory remolded permeability results.   

 
(c) Atterberg limits and grain size distribution shall also be conducted on the bulk samples used to 
prepare the permeability window ASTM D2487, D4318, D422.  These tests can be used as indices on 
random samples collected from the borrow site during construction to verify the soil type is the same 
as was used to develop the “window”. As a minimum, sufficient visual classifications and Atterberg 
limits shall be conducted in association with each permeability test to verify that the construction 
materials meet specifications.  

 
(d) A test strip of compacted cohesive soil liner shall be prepared to verify the permeability “window” 
prior to general installation of the cohesive soil liner.  The test strip will be used to verify the results 
from the remolded permeabilities from the borrow site utilizing the permeability window(s) for each 
soil type that is going to be used for construction of the cohesive soil liner.  At a minimum, the 
verification will consist of three moisture density tests, one Atterberg limits test, one grain size 
distribution test (ASTM D698, ASTM D2487, D4318, and D422), and one Shelby Tube sample for 
each lift constructed in the test pad. Laboratory permeability tests shall be performed on tube (Shelby 
or drive tubes) samples of the cohesive soil liner after placement and compaction. The permeability 
must be a maximum of 1.0 x10

-7
cm/sec or 1.0 x10

-5
 cm/sec for alternate liner systems. Tests shall be 

performed in accordance with the ASTM D5084. The test strip shall be approximately 2,500 sq. ft. in 
surface area and constructed to conform geometrically to the site topography with a minimum lateral 
dimension in any direction of 25 ft.  The test strip shall consist of at least four compacted 6 inch lifts of 
cohesive soil liner.  Placement and testing of the test strip shall be in conformance with the 
construction specifications and requirements for general installation of the cohesive soil liner.  Test 
results from the test strip shall be used to guide placement and achievement of the required 
maximum permeabilities of the cohesive soil liners.  The test strip may be used as an integral part of 
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the overall cohesive soil liner if it meets the required specification for the liner.  All results shall be 
given to the Construction Observer. 

 
(e) The soils shall be placed to the total thickness shown on the plans in maximum 8-inch thick loose 
lifts with a maximum 6" compacted lift compacted preferably at a moisture content between 0 to 3% 
above optimum moisture content to 95% standard Proctor maximum dry density (ASTM Test 
Designation D698). A sheepsfoot roller or approved alternative may be used to compact the soil liner 
provided the compaction and permeability requirements can be achieved.  Each lift shall be tested for 
permeability, moisture content, particle size distribution analysis, Atterberg limits, moisture-density-
permeability relation, and if needed percent bentonite admixed with soil, prior to the placement of the 
succeeding lift and visually inspected to confirm that all soil clods have been broken and that the 
surface is sufficiently scarified so that adequate bonding can be achieved.  Soils for cohesive soil liner 
shall be screened, disked, or prepared using any other approved method as necessary to obtain a 
homogeneous cohesive soil with clod sizes in a soil matrix no larger than about 1.5 inches in 
maximum diameter.  After each lift, the surface shall be scarified prior to the placement of the next lift 
to provide good bonding from one lift to the next.  

 
(f) The cohesive soil liner shall be tested to evaluate the coefficient of permeability.  The coefficient of 
permeability of the soil liner shall be equal to or less than 1.0 x 10

-7
 cm/sec (1.0 x 10

-5
 cm/sec for 

alternate base liner) after placement and compaction.  The soil liner must be a minimum of 2.0 feet 
thick (1.5 feet thick for alternate base liner).  

 
(g) Laboratory permeability tests shall be performed on tube (Shelby or drive tubes) samples of the 
cohesive soil liner  after placement and compaction.  The permeability must be a maximum of 1.0 
x10

-7 
cm/sec (1.0 x 10

-5
 cm/sec for alternate base liner). Tests shall be performed in accordance with 

the ASTM D5084 with a hydraulic gradient of 20 and confining pressure of 10 psi. 
 

(h) The soil liner shall be tested a minimum of one soil sample per lift per acre for laboratory 
permeability. All permeability testing will be on random samples judged by the Engineer to be 
representative of the most permeable soil conditions for the area being tested.  The Engineer shall 
certify that the materials used in construction were tested according to the Division approved plans. If 
after placement of the soil liner it fails the required tests, the material will either be reworked or 
replaced and retested. The soil liner must remain moist at all times, if any section becomes dry, 
rework the dry area and moisten.  

 
(i) A minimum of two (2) inches of soil shall be removed prior to securing each sample for 
permeability testing.  The sampling tube shall be advanced vertically into the soil with as little soil 
disturbance as possible and should be pushed using a uniform pressure.  The sampling tube (Shelby 
tube), when extracted, shall be free of dents, and the ends shall not be distorted.  A backhoe or 
approved alternative should be used to advance the sampling tube (Shelby tube) as long as 
disturbance is minimized.  Drive tube samples of the liner may be obtained for permeability testings.  
If the Engineer judges the sample to be too disturbed, another sample shall be taken.  Once an 
acceptable sample has been secured and properly prepared, all sample excavations or other holes 
created by survey stakes, etc. shall be backfilled to grade with a 50% mixture of bentonite and similar 
soils in maximum 3-inch loose lifts and hand tamped with a blunt tool to achieve a tight seal 
equivalent to the original density.   

 
(j) No additional construction shall proceed on the soil layers at the area being tested until the 
Engineer has reviewed the results of the tests and judged the desired permeability is being achieved. 

 
(k) As a minimum, sufficient visual classifications (ASTM Test Designation D2487), gradation 
analyses (ASTM Test Designation D422) and Atterberg limits (ASTM Test Designation D4318) shall 
be conducted in association with each permeability test to verify that the construction materials meet 
specifications. The minimum number of tests will be 1 per lift per acre. 
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(l) If the soil for the cohesive soil liner is incapable of achieving the required permeability when 
compacted, bentonite or approved alternative may be mixed with the soils to decrease the 
permeability.  The amount of additive required must be determined in the laboratory and mixed in the 
field using either a pug mill or a soil stabilizer.  Where additives are required, the soil shall be placed 
in maximum 8-inch thick loose lifts and compacted preferably between 0 to +3% optimum moisture 
content to 95% standard Proctor maximum dry density (ASTM Test Designation D698) for the soil-
additive mixture.  All other compaction procedures for the soil apply.   

  
(m) Surfaces to be lined shall be smooth and free of debris, roots, and angular or sharp rocks larger 
than three-eight (3/8) inches in diameter to a depth of six (6) inches.  The cohesive soil liner shall 
have no sudden sharp or abrupt changes in grade such as tire ruts. 

 
(n) The Contractor shall protect the cohesive soil liner from desiccation, flooding and freezing. 
Protection, if required, may consist of a thin plastic protective cover, (or other material as approved by 
the engineer) installed over the completed cohesive soil liner until such time as the placement of 
flexible membrane liner begins.  Areas found to have any desiccation cracks or which exhibit swelling, 
heaving or other similar conditions shall be replaced or reworked by the contractor to remove these 
defects. Areas where the cohesive soil has been replaced, desiccation cracks and/or heaving is 
deeper than two (2) inches shall be retested. 
 
(o) The thickness and grade of the soil liner will be verified by the surveyor before placement of the 
geomembrane liner.  The soil liner will be surveyed at 50’ grid points where the elevations of the 
subbase will be checked with the top of soil liner to verify 2.0 feet of soil liner (1.5 feet of soil liner for 
the alternate base liner). The grade will then be verified with the surveyed information. The survey will 
be performed by N.C. Professional Surveyors. 

 
(p) The anchor trench shall be excavated by the Contractor to lengths and widths shown on the 
design drawings prior to geomembrane placement. Anchor trenches excavated in cohesive soils 
susceptible to desiccation cracks should be excavated only the distance required for that days liner 
placement to minimize the potential of desiccation cracking of the cohesive soils. Corners in the 
anchor trench shall be slightly rounded where the geomembrane adjoins the trench to minimize sharp 
bends in the geomembrane. 

 
(q) The tie in of the cohesive soil to the adjoining Phases will be stepped into the adjoining cohesive 
soil as the lifts of the constructed Phase are being compacted.  The flexible membrane liner and 
drainage net will be folded back so that the adjoining cohesive liner is exposed so that the tie in can 
be completed.   
 
(r) Surface Acceptance.  Upon request, the Flexible Membrane Liner manufacturer installer shall 
provide the Engineer with a written acceptance of the surface prior to commencing installation. 
Subsequent repairs to the cohesive soil liner and the surface shall remain the responsibility of the 
contractor. 
 

 4.2.3  Alternate Base Liner System Specifications  
 

 (1.1) General 
 

 This specification covers the technical requirements for the furnishing   and installation of the 
 Geosynthetic Clay Liner (GCL) described herein.  All materials used shall meet the requirements 

 of this specification, and all work shall be performed in accordance with the procedures provided 
herein and the contract drawings. 

 

   The Contractor shall furnish all labor, materials, supervision and equipment to complete the 
installation of the GCL, including, but not limited to, liner layout, seaming, patching, and all 
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necessary and incidental items required to complete the Work, in accordance with the Contract 
Drawings and these Specifications. 

 Sufficient liner material shall be furnished to cover all lined areas shown on the Drawings, 
including overlaps at field seams and anchor trenches. 

 
      It is the intent of these Specifications to ensure a quality finished product.  It shall be the 

responsibility of the Contractor to ensure that this requirement is met.   
 

  (1.2) Definitions 
 
  For the purposes of this specification guideline, the following terms are defined below: 
 
  Geosynthetic Clay Liner (GCL) - A manufactured hydraulic barrier consisting of clay bonded to 

a layer or layers of geosynthetics.  The GCL may be reinforced or unreinforced as required by 
site conditions.  This site will require reinforced GCL over the entire area. 

 
Geomembrane - An essentially impermeable geosynthetic composed of one or more 
geosynthetic sheets. 
 
Geotextile - Any permeable textile used with foundation, soil, rock, earth, or any other 
geotechnical engineering related material as an integral part of a human-made project, 
structure, or system. 
 
Minimum Average Roll Value - The minimum average value of a particular physical property of 
a material, for 95 percent of all the material in the lot. 
 
Overlap - Where two adjacent GCL panels contact, the distance measuring perpendicular from 
the overlying edge of one panel to the underlying edge of the other. 
 

 (1.3) Submittals/Qualifications 
 

A.  The GCL Manufacturer must have produced at least 10 million square feet (1 million square 
meters) of GCL, with at least 8 million square feet (800,000 square meters) installed.  The 
manufacturer shall submit certification that GCL manufactured for the Project has been 
produced in accordance with these Specifications along with results from a quality control 
program.  This information must be submitted for review prior to material delivery.  The 
Engineer reserves the right to halt installation until proper certification is submitted and 
determined acceptable for use. 

 
B.  The Contractor shall submit to the Engineer, six (6) full sets of panel layout construction 

drawings.  Drawings shall be submitted to the Engineer at least two (2) weeks prior to 
installation. 

 
C.  The manufacturer of the GCL used in this work shall approve all shop drawings and a 

proposed liner layout to cover the lined area shown on the Drawings. 
 

D.  Details shall be included to show the termination of the liner at the perimeter of lined areas, 
the methods of sealing around penetrations, and methods of anchoring.  A specific anchor 
trench detail shall be provided. 

 
E.  The Contractor shall submit to the Engineer a physical sample of the liner to be used.  The 
 sample shall be labeled with the manufacturer’s name, product identification, lot number 
 and roll number. 
 
F.  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 
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project are in accordance with the requirements of this specification.  The Contractor shall 
also submit to the Engineer inventory tickets, roll numbers or batch identifications, packing 
papers, and invoices for the liner used. 

 
G.  As installation proceeds, the Contractor shall submit certificates of subgrade acceptance to 

the Engineer, signed by the Contractor and the GCL Installer for each area that is covered 
by the GCL. 

 
H.  The Contractor shall provide personnel resumes demonstrating compliance with the 

following requirements. 
 

4.  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 (100,000 square meters) in size. 

 
5.  A minimum of one field superintendent per shift shall be designated by the Contractor 

and approved by the Engineer.  Each field superintendent shall have a minimum of 
three years and five million square feet of field experience in installing GCL’s.  Any 
change or replacement of superintendent during the Project,  must be approved by the 
Engineer. 

 
6.  Liner placement technicians shall have a minimum of one year and one million square 

feet of GCL placement experience. 
 

 (1.4) Construction Quality Assurance (CQA) 
 

A.  The Engineer shall provide an construction observer (CO) for CQA of the GCL installation. 
The inspector shall be responsible for observing and documenting activities related to the 
CQA of the GCL.  The contractor shall not install any GCL on this project, at any time, in 
the absence of the CQA construction observer. 

 
B.  Testing of the GCL,  as necessary to support the CQA effort,  shall be performed by a third 

party laboratory retained by the Engineer and independent from the GCL manufacturer and 
installer.  The laboratory shall be accredited by the Geosynthetic Accreditation Institute’s 
Laboratory Accreditation Program (GAI-LAP). 

 

(2) Products 
 

(2.1) General 
 

A.  The GCLs shall consist of a layer of natural sodium bentonite clay encapsulated between 
two geotextiles and shall comply with all of the criteria listed in this Section.  Prior to using 
an alternate GCL, the Contractor must furnish independent test results demonstrating that 
the proposed alternate material meets all requirements of this specification.  The Contractor 
also must obtain prior approval of the alternative GCL by the Engineer. 

 

B.  Reinforced GCL must be used on all areas of the site. 
 
(2.2) Materials 

 

A.  An acceptable GCL product is Bentomat
 
ST as manufactured by CETCO or an engineer-

approved equal. 
 

B.  All areas of the project requiring reinforced GCL will be furnished with Bentomat
 
ST or an 

engineer-approved equal.   
 

C.  The GCL(s) and their components shall have the properties shown in the attached CETCO’s 
Technical Data Sheet (TR404bm). 
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D.  The minimum acceptable dimensions of full-size GCL panels shall be 150 feet (45.7m) in 
length and 15 feet (4.6m) in width for Bentomat.  Short rolls [(those manufactured to a length 
greater than 70 feet (21m) but less than a full-length roll)] may be supplied at a rate of no 
greater than 3 per truckload or 3 rolls for every 36,000 square feet (3,500 square meters) of 
GCL, whichever is less. 

 

E.  A 6-inch (150mm) overlap guideline shall be imprinted on both edges of the upper geotextile 
component of the GCL as a means for providing assurance of the overlap dimension.  Lines 
shall be printed in easily visible, non-toxic ink. 

 

 (2.3) Product Quality Documentation 
   

The GCL manufacturer/Contractor shall provide the Engineer with manufacturing QA/QC 
certifications for each shipment of GCL, prior to the deployment of GCL.  The certifications shall 
be signed by a responsible party employed by the GCL manufacturer, such as the QA/QC 
Manager, Production Manager, or Technical Services Manager, and shall include: 
 

A. Certificates of analysis for the bentonite clay used in GCL production demonstrating 
 compliance with the parameters swell index and fluid loss shown in CETCO’s Technical Data 
 Sheet TR404bm. 
 

B. Manufacturer’s test data for finished GCL products(s) of bentonite mass/area, GCL tensile 
 strength, and GCL peel strength demonstrating compliance with the index parameters shown 
 in CETCO’s Technical Data Sheet TR404bm. 
 

C. GCL lot and roll numbers supplied for the project (with corresponding shipping information).  
 

D. Manufacturer’s test data for finished GCL product(s) including GCL index flux, permeability, 
 and hydrated internal shear strength data demonstrating compliance with the performance 
 parameters shown in CETCO’s Technical Data Sheet TR404bm. 
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(2.4) Material Conformance Testing 
 
 The Engineer/Contractor shall perform the material conformance tests listed in Table 1. 
 
 

 Table 1:  QA Testing Program for GCL Material Conformance 
 

 
PROPERTY 

 
TEST METHOD 

 
UNITS 

 
VALUE

1
 

TEST 
FREQUENCY 

 

Hydraulic 

Conductivity 

 

ASTM D5084
2
 

 

cm/s 

 

≤ 5.0 x 10
-9

 

  

100,000 ft
2
  

 

 

Bentonite Content 

 

ASTM D3776
3
 

 

psf 

0.75 

(@0% moisture) 

 

100,000 ft
2
  

 

 

Thickness 

 

ASTM D1777 

 

inch 

 

0.20 

 

 100,000 ft
2
  

 

 

Grab Tensile 

Strength 

 

ASTM D4632 

 

lbs 

 

90 

  

100,000 ft
2
  

 

 

Interface Friction 

Test 

 

ASTM D5321
6
 

 

degrees 

 

≥ 25.0
4
 

 

2 

 

Interface Friction 

Test 

 

ASTM D5321
6
 

 

degrees 

 

≥ 21.0
5
 

 

2 

 

Shear Strength 

 

ASTM D5321 

 

psf 

 

500 

 

2 

 
 

1
 Minimum Average Roll Values (MARV). 

2
  Conduct test at 5 psi effective stress. 

3
 Alternatively, use ASTM D5993 for measuring the mass per unit area of GCL. 

4
 GCL against the soil liner (peak value). 

5
 GCL (woven geotextile) against the textured FML (peak value). 

6
Conduct test at 3 psi effective stress and hydrate the GCL. 

 
 Samples for material conformance testing shall be obtained upon delivery of the GCL.  Samples shall 

be taken across the entire width of the roll.  Samples shall be 1 foot to 3 feet long by the roll width.  All 
material conformance testing,  shall be performed by a third party Geosynthetics Laboratory retained 
by the Engineer.  All test results must be available at the Engineer’s office prior to the deployment of 
any GCL roll at the site.  The Engineer will examine all results from laboratory testing. 

 

 (2.5) Product Labeling 
 

A.  Prior to shipment, the GCL manufacturer shall label each roll,  identifying: 
 

1.  Product identification information (Manufacturer’s name and address, brand name, 
product code). 

2.  Lot number and roll number. 
3.  Roll length, width, and weight. 
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(2.6) 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. 
 

(2.7) Accessory Bentonite 
 

A.  The granular bentonite or bentonite sealing compound used for seaming, penetration sealing, 
and repairs shall be made from the same natural sodium bentonite as used in the GCL and 
shall be as recommended by the GCL manufacturer. 

 
(2.8) Equipment Requirements 

 
A. CETCO GCLs are delivered in rolls weighing from 2,500 - 2,700 lbs (1,140-1,225 kg).  It is 

necessary to support this weight using an appropriate core pipe.  For any installation, the 
core pipe must not deflect more than 3 inches (75 mm) as measured from end to midpoint 
when a full GCL roll is lifted. 

 
B. Lifting chains or straps rated for at least twice the load of the GCL should be used in 

combination with a spreader bar made from an I-beam.  The spreader bar ensures that the 
lifting chains or straps do not chafe against  the ends of the GCL roll, which must be able to 
rotate freely during installation. 

 
C. A front end-loader, backhoe, dozer, or other equipment can be furnished with the spreader 

bar and core bar.  Alternatively, a forklift with a “stinger” attachment may be used for on-site 
handling and, in certain cases, installation.  A forklift without a stinger attachment shall 
not be used to lift or handle the GCL rolls. 

 
D. When installing over certain geosynthetic materials, a 4-wheel all-terrain vehicle (ATV) can 

be used to deploy the GCL from behind.  An ATV can be driven directly on the GCL provided 
that no sudden stops, starts, or turns are made. 

  
E. Additional equipment needed for installation of CETCO’s GCLs includes: 

 

• Utility knife and spare blades (for cutting the GCL). 

• Granular bentonite or bentonite mastic (for overlapped seams of GCLs with needle 
punched non-woven geotextiles and for sealing around structures and details). 

 
• Waterproof tarpaulins (for temporary cover on installed material as well as or stockpiled 

rolls). 
 
• Optional chalk line marker to simplify bentonite placement at seams (when installing a 

GCL with needle punched non-woven geotextile components). 
 

• Optional flat-bladed vise grips (for positioning the GCL panel by hand). 
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(3) EXECUTION 
 
 (3.1) 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, Installer, or other designated party. 

 
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.  The packaging should be repaired prior to being placed in storage. 

 
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. 

 
(3.2) Storage 

 
A.  Storage of the GCL rolls shall be the responsibility of the installer.  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 or by use of the dunnage shipped between rolls.  
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).  Rolls shall never be stacked on end. 

 
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. 
 

(3.3) Earthwork/Subgrade Preparation 
 

A.  Any 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 vegetation, any debris, sticks, sharp rocks, void spaces, ice, abrupt 
elevation changes, standing water, cracks larger than one-quarter inch (6mm) in width, and 
any other foreign matter that could contact the GCL. 

 
B.  Subgrade surfaces consisting of granular soils or gravel may not be acceptable due to their 

large void fraction and puncture potential.  Subgrade soils should possess a particle size 
distribution such that at least 80 percent of the soil is finer than a No. 60 sieve (0.250 mm). 

 
C.  Immediately prior to GCL deployment, the subgrade shall be final-graded to fill in all voids or 

cracks and then smooth-rolled to provide the best practicable surface for the GCL.  At 
completion of this activity, no wheel ruts, footprints or other irregularities shall exist in the 
subgrade.  Furthermore, all protrusions extending more than one-half inch (12mm) from the 
surface shall either be removed, crushed or pushed into the surface with a smooth-drum 
compactor. 

 
D.  On a continuing basis, the Contractor/GCL Installer shall submit certifications of subgrade 

acceptance to the Engineer, and the project Construction Observer shall verify acceptance of 
the subgrade before GCL placement. 
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E.  It shall be the installer’s responsibility thereafter to indicate to the Engineer any change in the 
condition of the subgrade that could cause the subgrade to be out of compliance with any of 
the requirements listed in this Section. 

 
F.  At the top of sloped areas of the job site, an anchor trench for the GCL shall be excavated in 

accordance with the project plans and specifications.  The excavated trench shall be verified 
by the Construction Observer prior to GCL placement.  No loose soil shall be allowed at the 
bottom of the trench and no sharp corners or protrusions shall exist anywhere within the 
trench. 

 
(3.4) GCL Placement 

 
  Placement of the GCL shall be conducted in accordance with the manufacturer’s 

recommendations and with the direction provided herein.  Any deviations from these procedures 
must be pre-approved by the CQA Engineer. 

 
A.  The contractor shall not install any GCL on this project, at any time, in the absence of the 

Construction Observer.  During start-up of the GCL installation, an agent or representative of 
the Manufacturer shall provide on-site assistance and instruction to the Contractor and CQA 
Engineer regarding the appropriate installation techniques. 

 
B.  The Construction Observer/Engineer shall inspect each panel, after placement and prior to 

seaming, for damage and/or defects.  All defects and deficiencies shall be properly 
documented by the GCL Installer and Construction Observer.  Defective or damaged panels 
shall be replaced or repaired, as approved by the Construction Observer/Engineer.  The 
Contractor will correct defects and deficiencies to the satisfaction of the Engineer.  The 
Construction Observer shall observe and verify all repaired defects. 

 
C.  Reinforced GCL shall be placed on all areas of the site. 
 
D.  GCL rolls should be delivered to the working area of the site in their original packaging.  

Immediately prior to deployment, the packaging should be carefully removed without 
damaging the GCL.  The orientation of the GCL (i.e., which side faces up) may be important if 
the GCL has two different geotextiles.  Unless otherwise specified, however, the GCL shall 
be placed with the white side (non-woven) geotextile facing down. 

 
E.  The GCL shall be properly weighted to avoid uplift due to wind. 
 
F.  Equipment which could damage the GCL shall not be allowed to travel directly on it.  

Acceptable installation, therefore, may be accomplished such that the GCL is unrolled in front 
of the backwards-moving equipment.  If the installation equipment causes rutting of the 
subgrade, the subgrade must be restored to its originally accepted condition before 
placement continues.  Equipment necessary to perform the installation (generators, 
compressors, etc.) shall have a scrap GCL sheet placed underneath to protect the installed 
GCL from possible damage. 

 
G.  The GCL shall be kept free of debris, unnecessary tools and materials.  In general, the GCL 

area shall remain neat in appearance.  All damage shall be recorded and located in the 
record drawings. 

 
H.  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. 
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I.  The GCL shall be placed so that seams are parallel to the direction of the slope.  End-of-roll 
seams should be located at least 3 feet (1m) from the toe and crest of slopes steeper than 
4H:1V.  GCL rolls shall not be released on the slope and allowed to unroll freely by gravity. 

 
J.  All GCL panels shall be placed free of tension or stress and lie flat on the underlying surface, 

with no wrinkles or fold, especially at the exposed edges of the panels.  Similarly, the 
geomembrane placed over GCL shall lie flat and in contact with the underlying GCL with no 
wrinkles or fold. 

 
K.  The GCL shall not be installed in standing/ponded water, during rainy weather/precipitation, 

excessive moisture, and during extremely/excessive high wind.  Only as much GCL shall be 
deployed as can be covered at the end of the working day with the geomembrane.  In no 
case shall the GCL be exposed to the elements at the end of the day.  The GCL shall not be 
left uncovered overnight.  If the GCL is hydrated when no confining stress is present, it will be 
necessary to remove and replace the hydrated material.  The Engineer, Construction 
Observer, and GCL supplier should be consulted for specific guidance if premature hydration 
occurs. 

 
L.  The GCL shall not get wet before or during installation.  The GCL mat shall not be installed 

during periods of any precipitation.  If a precipitation event occurs after the installation of a 
GCL panel, but prior to covering with the geomembrane panel, a thin film plastic sheeting 
may be used to cover and to temporarily protect the GCL from moisture, if approved by the  
Engineer. 

 
M.  Panels shall be placed from the highest elevation to the lowest within the area to be lined, to 

facilitate drainage in the event of precipitation. 
 
N.  It is not permissible to stretch the GCL in order to fit a designated area.  Panels shall not be 

dragged across the subgrade into position except where necessary to obtain the correct 
overlap for adjacent panels. 

 

(3.5) Anchorage 
 

A.  As directed by the project drawings and specifications, the end of the GCL roll shall be placed 
in an anchor trench at the top of the slope.  The front edge of the trench should be rounded 
so as to eliminate any sharp corners.  The GCL should cover the entire trench floor but does 
not extend up the rear trench wall. 

 

B.  The amount of trench open at any time shall be limited to one day of GCL installation 
capacity.  The anchor trench shall be adequately drained to prevent water ponding and 
softening the adjacent soils.  Loose soil shall be removed from the floor of the trench.  The 
soil backfill should be placed in the trench to provide resistance against pullout.  The size and 
shape of the trench, as well as the appropriate backfill procedures, should be in accordance 
with the project drawings and specifications. 

 

C. The backfill for the anchor trench shall be compacted to 95% maximum proctor density. 
 There is no grain size requirement, and on-site material shall be used.  The frequency of 
 testing shall be for every six (6) inch lift and 500 feet of trench. There is no grain size 
 requirement, and on-site material shall be used. 

 

(3.6) 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.  

Supplemental bentonite is required for Bentomat ST. 
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B. The minimum dimension of the longitudinal overlap should be 6 inches (150 mm).  End-of-roll 
overlapped seams should be similarly constructed, but the minimum overlap should measure 
24 inches (600 mm).  In the opinion of the CQA Engineer/Inspector, any seam, or edge of 
GCL material exposed for more than 24 hours or considered partially hydrated when seaming 
occurs shall receive a 3-foot overlap (rainlap) from the adjoining GCL panel. 

 
C. All seams shall have a seam number that corresponds with the panel layout numbers.  The 

numbering system shall be used in the development of the record drawings.  Seam numbers 
shall be derived from the combination of the two panel numbers that are to be seamed. 

 
D. Seam areas or runs shall also be flat and clear of any large rocks, debris, or ruts.  Contacting 

surfaces shall be clean and clear of dirt or native soil with all edges pulled tight to maximize 
contact and to smooth out any wrinkles or creases. 

 
E. All seams constructed on sloped surface shall be vertical seams. 
 
F. 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. 
 
G. Bentonite-enhanced seams are constructed between the overlapping adjacent panels 

described above.  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 6inch (150 mm) line.  A similar bead of granular sodium 
bentonite is applied at the end-of-roll overlap.  The bentonite shall be applied at a minimum 
application rate of one-quarter pound per lineal foot (0.4 kg/m). 

 
(3.7) Detail Work/Sealing Around Penetration and Structures 

 
A. Cutting the GCL should be performed using a sharp utility knife.  Frequent blade changes are 

recommended to avoid irregular tearing of the geotextile components of the GCL during the 
cutting process.  The GCL shall be sealed around penetrations and structures embedded in 
the subgrade.  Granular bentonite or a bentonite mastic shall be used liberally (approximately 
2 lbs/in ft or 3 kg/m) to seal the GCL to these structures. 

 
B. When the GCL is placed over an earthen subgrade, a “notch” (approximately 3 inches wide 

and 8 inches deep) shall be cut against the edge of the subgrade area around the 
penetration.  The mat shall be brought up to the edge of the structure and trimmed to fit into 
the notch.  The Contractor shall then hand-apply a pure bead of bentonite into half the notch.  
The mat shall then be inserted into the notch, with the remaining volume of the notch refilled 
with the pure bentonite and compacted. 

 
C. A secondary collar of GCL should be placed around the penetration.  It is helpful to first trace 

an outline of the penetration on the GCL and then cut a “star” pattern in the collar to enhance 
the collar’s fit to the penetration. 

 
D. Vertical penetrations are prepared by notching into the subgrade.  The penetration is 

completed with two separate pieces of GCL.  A secondary collar is option in this case. 
 
E. When the GCL is terminated at a structure or wall that is embedded into the subgrade, the 

subgrade should be notched as described in Items B and D above.  The notch is filled with 
granular bentonite, and the GCL should be placed over the notch and up against the 
structure.  The connection to the structure can be accomplished by placement of soil or stone 
backfill in this area. 
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(3.8) Damage Repair 
 

A.  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 minimum overlap of 12 inches 
(300 mm) is achieved around all of the damaged area.  Dry bentonite or bentonite mastic 
should be applied around the damaged area at the rate of one-half pound per lineal foot prior 
to placement of the patch.  Any epoxy-based adhesives shall be used to keep the patch in 
position during backfill operations. 

 

 (3.9) Placement of Overlaying Materials 
 

A. Although direct vehicular contact with the GCL is to be avoided, lightweight, low ground 
pressure vehicles [such as 4-wheel all-terrain vehicles (ATV)] may be used to facilitate the 
installation of any geosynthetic material placed over the GCL, provided the ATV makes no 
sudden stops, starts, or turns.  The GCL supplier or CQA engineer should be contacted with 
specific recommendations on the appropriate procedures in this situation. 

 

B. When a textured geomembrane is installed over the GCL, a temporary geosynthetic covering 
known as a slip sheet or rub sheet should be used to minimize friction during placement and 
to allow the textured geomembrane to be more easily moved into its final position. 

 

C. Any leading edge of panels left uncovered shall be protected at the end of the working day 
with a waterproof sheet, which is adequately secured with sandbags or other ballast. 

 

  D.  Soil cover shall be placed over the GCL/geomembrane using low ground pressure 
construction equipment that minimizes stresses on the GCL/geomembrane, according to the 
existing  project specification requirements for protective cover soil installation over 
geomembrane liner. 

 
4.2.4. Base Liner System Flexible Membrane Liner Method of Deployment 

 
All materials and equipment,  shall be furnished by an established and reputable manufacturer or 
supplier.  All materials and equipment shall be new and shall be of first class ingredients and 
construction, designed and guaranteed to perform the service required and shall conform with the 
following standard specifications or shall be the product of the listed manufacturers or similar and 
equal thereto as approved by the Engineer. 
 

Flexible Membrane Liner Tests 
 

Test Name Description Test Method Frequency 
    

Air Test  Air Test Seams  Every Seam  
Vacuum Test Every welded area  Where air test 

impossible 
Destructive Tests Seam Strength ASTM D4437 Every 500’ of seam 

 
Qualified liner installers, seamers, and the liner foreman shall meet a minimum requirement of 
1,000,000 square feet of geomembrane installation. There are no other minimum qualifications 
needed by other parties. 
 
The 60  mil High Density Polyethylene (HDPE) - Geosynthetic Research Institute (GRI) GM13, is 
to be placed in direct contact with moist cohesive soil liner or Geosynthetic Clay Liner (GCL). The 
Landfill itself is single lined and will only have a single Textured Geomembrane.  The extrusion 
rods and/or brads used in seaming the rolls together shall be derived from the same base resin 
as the liner and shall meet the following minimum properties: 
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 (1) Preparation for Geomembrane Deployment 

 
(a) Panel Layout 
 

Prior to commencement of liner deployment, layout drawings shall be produced to indicate the 
panel configuration and location of seams for the project. 
 

(b) Identification 
 

Each panel used for the installation shall be given a numeric or alpha-numeric identification 
number consistent with the layout drawing.  This identification number shall be related to 
manufacturing roll number that identifies the resin type, batch number and date of manufacture. 
 
(c) Verification 
 

Prior to site delivery, the manufacturer’s quality certification for each roll will be delivered to the 
Engineer.  The Engineer will inspect all certifications.  If a certification does not meet minimum 
requirements outlined on GRI Test Method GM13 Table 2(a) for 60 mil, the individual roll will be 
rejected.  
 

The Engineer will remove a sample from 1 out of 4 rolls delivered to the site and have a third 
party lab test for thickness, density, carbon black content, carbon black dispersion and tensile 
properties.  The lab will have been accredited by the Geosynthetic Accreditation Institute (GAI).  
 

(2) Field Panel Placement 
 

(a) Location 
 

The Flexible Membrane Liner Manufacturer/Installer shall install field panels at the location 
indicated on the layout drawing.  If the panels are deployed in a location other than that indicated 
on the layout drawings, the revised location shall be noted in the field on a layout drawing which 
will be modified at the completion of the project to reflect actual panel locations. 
 

(b) Weather Conditions 
 
Geomembrane deployment shall not be carried out during any precipitation, nor in the presence 
of excessive moisture (i.e. fog, dew), in an area of standing water, or during high winds. 
 

(c) Method of Deployment shall follow the manufacturer’s recommendations and sound, 
accepted engineering practices. 

 

(1) The method and equipment used to deploy the panels must not damage the 
  geomembrane or the supporting subgrade surface. 

 

(2) No personnel working on the geomembrane will smoke, wear shoes that 
can damage the geomembrane, or engage in actions which could result in damage to the 
geomembrane. 

 

(3) Adequate temporary loading and/or anchoring, (i.e. sandbags, tires), which  
will not damage the geomembrane, will be placed to prevent uplift of the geomembrane 
by wind.  If uplift occurs, additional sandbags will be placed in necessary areas. 

 

(4) The geomembrane will be deployed in a manner to minimize wrinkles.  The 
 geomembrane will have no fold overs. 

 
(5) Any damage to a panel of the geomembrane will be repaired.  Any area of a panel 

seriously damaged (torn, twisted, or crimped) will be marked, cut out and removed from 
the work area with resulting seaming and/or repairs performed. 
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(3) Field Seaming 
 
(a) Layout 
 
In general, seams shall be oriented parallel to the slope, i.e., oriented along, not across the slope.  
Whenever possible, horizontal seams should be located not less than five (5) feet from the toe of 
the slope.  Each seam made in the field shall be numbered in a manner that is compatible with 
the panel layout drawing for documentation of seam testing results. 
 
(b) Personnel 
 
All personnel performing seaming operations shall be trained in the operation of the specific 
seaming equipment being used and will qualify by successfully welding a test seam. The project 
foreman will provide direct supervision of all personnel seaming to verify proper welding 
procedures are followed. Qualified liner installers, seamers, and the liner foreman shall meet a 
minimum requirement of 1,000,000 square feet of geomembrane installation. There are no other 
minimum qualifications needed by other parties. 
 

(c) Equipment 
 

(1) Fusion Welding 
 

Fusion Welding consists of placing a heated wedge, mounted on a self propelled vehicular 
unit, between two (2) overlapped sheets such that the surface of both sheets are heated 
above the polyethylene's melting point.  After being heated by the wedge, the overlapped 
panels pass through a set of preset pressure wheels which compress the two (2) panels 
together so that a continuous homogeneous fusion weld is formed.  The fusion welder is 
equipped with a temperature readout device which continuously monitors the temperature of 
the wedge. 
 

(2) Extrusion Fillet Welding 
 

Extrusion fillet welding consists of introducing a ribbon of molten resin along the edge of the 
seam overlap of the two (2) sheets to be welded.  The molten polymer causes some of the 
material of each sheet to be liquefied resulting in a homogeneous bond between the molten 
weld bead and the surfaces of the sheets.  The extrusion welder is equipped with gauges 
giving the temperature in the apparatus and the preheat temperature at the nozzle. 

 

(d) Weather Conditions 
 

The Flexible Membrane Liner Manufacturer/Installer will rely on the experience of the Flexible 
Membrane Liner Superintendent and the results of test seams to determine seaming 
restrictions by weather.  Many factors, such as ambient temperature, humidity, wind, 
sunshine, etc., can effect the integrity of field seams and must be taken into account when 
deciding whether or not seaming should proceed.  Responsibility for monitoring these 
conditions shall lie with the Flexible Membrane Liner Superintendent; however, the Engineer 
may suspend any seaming operation which is, in his opinion, at the risk of providing the 
Owner with a quality product.  Test seams are required prior to daily production seaming to 
determine if the weather conditions will effect the Flexible Membrane Liner System's ability to 
produce quality seams. Additional non-destructive and destructive testing of production 
seams substantiate the decision made by the Flexible Membrane Liner Superintendent to 
seam on any given day. 

 

(4)  Seam Preparation 
 

(a) Fusion Welding 
 

(1) Overlap the panels of geomembrane approximately four (4) inches. 
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(2)  Clean the seam area prior to seaming to assure the area is clean and free of  

moisture, dust, dirt, debris of any kind.  No grinding is required for fusion welding. 
 
(3) Adjust the panels so that seams are aligned with the fewest possible number of  

wrinkles and "fishmouths". 
 
(4) A movable protective layer may be used, at the discretion of the Flexible  

Geomembrane Liner Superintendent, directly below the overlap of geomembrane 
that is to be seamed to prevent build-up of moisture between the panels. 

 

(b) Extrusion Welding 
 

(1)  Overlap the panels of geomembrane a minimum of three (3) inches. 
 
(2) Temporarily bond the panels of geomembrane to be welded taking care  
       not to damage the geomembrane. 
 
(3) Grind seam overlap prior to welding within one (1) hour of welding 
      operation in a manner that does not damage the geomembrane. Limit 
      grinding to ¼” outside of the extrusion weld area.   
 
(4) Clean the seam area prior to seaming to assure the area is clean and free 
      of moisture, dust, dirt, and debris of any kind. 
 
(5) Purge the extruder prior to beginning the seam to remove all 
      heat-degraded extrudate from the barrel. 
 
(6) Keep welding rod clean and off the ground. 

 
(5) Test Seams 

 
Test seams shall be performed at the beginning of each seaming period and at approximately 
every 4-working hour intervals for each seaming apparatus used that day.  Test seams shall be 
made on fragment pieces of the geomembrane liner and under the same conditions as actual 
seams. 
 
(a) Test Seam Length 
 
The test seam shall be at least three (3) feet long and should be made by joining two (2) pieces of 
geomembrane at least 9" in width. 
 
(b) Sample Procedure 

 
(1) Visually inspect the seam for squeeze out, footprint, pressure and general appearance. 
 
(2) Two random samples one (1) inch wide shall be cut from the test seam.  

The specimens shall then be tested in peel using a field tensiometer and shall not fail in 
the seam.  If a specimen fails the entire procedure shall be repeated. 
 

(3) The two (2), one (1) inch wide samples shall be tested in the field in a tensiometer that 
has a constant separation of 2.0 in/min for peel and shear.  The passing destructive test 
requirements for a 60-mil liner seam is:  minimum peel adhesion of 91 ppi for hot wedge 
and 78 ppi for extrusion fillet seams, minimum shear strength of 120 ppi for hot wedge 
and extrusion fillet seams, and a maximum of 25% peel separation of the seam.  If a 
specimen fails, the entire procedure shall be repeated. 
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(4) After completion of these tests, the remaining portion of test seam can be discarded.  
Documentation of the test seams will be maintained listing seam identification number, 
welder's name, temperature control setting, and test results. 

 
(5) Passing test results records shall be maintained. 

 
(6) General Seaming Procedures 

 
(a) Seaming shall extend to the outside edge of panels to be placed in the anchor 

 trench. 
 
(b) While welding a seam, monitor and maintain the proper overlap.  
 
(c) Inspect seam area to assure area is clean and free of moisture, dust, dirt, debris 

 of any kind. 
 
(d) While welding a seam, monitor temperature gauges to assure proper settings 

 are maintained and that the seaming apparatus is operating properly. 
 

(e) Align wrinkles at the seam overlap to allow welding through the wrinkle. 
 
(f) Fishmouths or wrinkles at seam and overlaps that cannot be welded through 

shall be cut along the ridge in order to achieve a flat overlap.  The cut fishmouth or wrinkle 
shall be seamed.  Any portion where the overlap is inadequate shall be patched with an oval 
or round patch of the same geomembrane extending a minimum of six (6) inches beyond the 
cut in all directions. 
 

 (g) All cross/butt seams between two (2) rows of seamed panels shall be welded during the 
coolest time of the day to allow for contraction of the geomembrane. 
 

 (h)  All "T" joints shall have the overlap from the wedge welder seam trimmed back 
to allow an extrusion fillet weld.  Then grind ¼ of an inch minimum on either side of the 
wedge seam, then extrusion weld all of the area prepared by grinding. 

 
4.2.5  Base Liner System Flexible Membrane Liner Tests 

 
The installation crews will non-destructively test all field seams over their full length using air 
pressure testing, vacuum testing or other approved methods, to verify the continuity and integrity 
of the seams. 
 

(a) Air Pressure Testing 
 
The welded seam created by double hot-wedge fusion welding process is composed of two 
distinct welded seams separated by an unwelded channel approximately 3/8 of an inch between 
the two welded seams permits the double hot-wedge fusion seams to be tested by inflating the 
sealed channel with air to a predetermined pressure, and observing the stability of the 
pressurized channel over time. 

 

(1) Equipment for Air Testing 
 

An air pump (manual or motor driven) capable of generating and sustaining a pressure 
between 25 to 30 psi. 
 

A rubber hose with fittings and connections. 
 

A sharp hollow needle, or other approved pressure feed device with a pressure gauge 
capable of reading and sustaining a pressure between 25 to 30 psi. 
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(2) Procedure for Air Testing 
 

Seal both ends of the seam to be tested. 
 

Insert needle or other approved pressure feed device into the sealed channel created by the 
fusion weld. 
 

Inflate the test channel to a pressure between 25 to 30 psi, in accordance with the following 
schedule, close valve, and observe initial pressure after approximately 2 minutes. 
 

INITIAL PRESSURE SCHEDULE * 
 Material (Mil)              Min. Psi      Max. Psi 
 

 40 25 30 
 60 27 30 
 80 30 30 
  100 30 30 
 

* Initial pressure settings are read after a two minute "relaxing period".  The purpose of this 
"relaxing period" is to permit the air temperature and pressure to stabilize. 
 
Observe and record the air pressure five (5) minutes after "relaxing period" ends and when 
initial pressure setting is used.  If loss of pressure exceeds the following or if the pressure 
does not stabilize, locate faulty area and repair. 
 

MAXIMUM PERMISSIBLE PRESSURE DIFFERENTIAL 
AFTER 5 MINUTES - HDPE 

 

   Material (Mil)         Pressure Diff. 
 
  40 4 psi 
 60 3 psi 
 80 3 psi 
  100 3 psi 

 

At the conclusion of the pressure test the end of the seam opposite the pressure gauge is 
cut.  A decrease in gauge pressure must be observed or the air channel will be considered 
"blocked" and the test will have to be repeated after the blockage is corrected. 
 

Remove needle or other approved pressure feed device and seal resulting hole by extrusion 
welding. 
 

(3) In the event of a Non-Complying Air Pressure Test, the following procedure shall be 
followed: 

 

Check seam end seals and retest seams. 
 

If non-compliance with specified maximum pressure differential re-occurs, repair the seam.  
Capping or removal/reseam of the non-complying seam are the only two (2) acceptable 
methods of repairing failed seams.   
 
Non-destruct test the entire length of the repaired seam. 
 

(b) Vacuum Testing 
 
This test is used when the geometry of the weld makes air pressure testing impossible or 
impractical or when attempting to locate the precise location of a defect believed to exist after air 
pressure testing. The penetration will be tested using this method. 
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(1) Equipment for Vacuum Testing 
 

Vacuum box assembly consisting of a rigid housing, a transparent viewing window, a soft 
neoprene gasket attached to the bottom, port hole or valve assembly, and a vacuum gauge. 
 

Vacuum pump assembly equipped with a pressure controller and pipe connection. 
 

A rubber pressure/vacuum hose with fittings and connections. 
 

A bucket and means to apply a soapy solution. 
 

A soapy solution. 
 

(2) Procedure for Vacuum Testing 
 

Trim excess overlap from seam, if any. 
 

Turn on the vacuum pump to reduce the vacuum box to approximately 5 inch of mercury, i.e., 
5 psi gauge. 
 
Apply a generous amount of a solution of strong liquid detergent and water to the area to be 
tested. 
 
Place the vacuum box over the area to be tested and apply sufficient downward pressure to 
"seat" the seal strip against the liner. 
 

Close the bleed valve and open the vacuum valve. 
 
Apply a minimum of 5 in. Hg vacuum to the area as indicated by the gauge on the vacuum 
box. 
 
Ensure that a leak tight seal is created. 
 
For a period of not less than 30 seconds, examine the geomembrane through the viewing 
window for the presence of soap bubbles. 
If no bubbles appear after 30 seconds, close the vacuum valve and open the bleed valve, 
move the box over the next adjoining area with a minimum 3 in. overlap, and repeat the 
process. 
 
(3) Procedure for Non-Complying Test 
 
Mark all areas where soap bubbles appear and repair the marked areas. 
 
Retest repaired areas. 

 
(c) Destructive Testing 

 
(1) Concept 
 
The purpose of destructive testing is to determine and evaluate seam strength.  These tests 
require direct sampling and thus subsequent patching.  Therefore destructive testing should 
be held to a minimum to reduce the amount of repairs to the geomembrane. 
(2) Procedure for Destructive Testing 
 

All Destructive tests will be done according to GRI test method GM19. Destructive test 
samples shall be marked and cut out randomly at a minimum average frequency of one test 
location every 500 feet of seam length. 
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Additional destructive tests may be taken in areas of contamination, offset welds, visible 
crystallinity or other potential cause of faulty welds at the discretion of the Flexible Membrane 
Liner Superintendent and Engineer. 
 

Sample Size 
 

The sample should be twelve (12) inches wide with a seam fourteen (14) inches long 
centered lengthwise in the sample.  The sample may be increased in size to accommodate 
independent laboratory testing by the owner at the owner's request or by specific project 
specifications. 
 

A one (1) inch sample shall be cut from each end of the test seam for field testing. 
 

The two (2), one (1) inch wide samples shall be tested in the field with a tensiometer, that has 
a constant separation rate of 2.0 inch per minute for peel and shear. The passing destructive 
test requirements for a 60-mil liner seam is:  minimum peel adhesion of 91 ppi for hot wedge 
and 78 ppi for extrusion fillet seams, minimum shear strength of 120 ppi for hot wedge and 
extrusion fillet seams, and a maximum of 25% peel separation of the seam. 
 

(3) Procedure in the event of Destructive Test Failure 
 

Cut additional field samples for testing.  In the case of a field production seam, the samples 
must lie a minimum of ten (10) feet in each direction from the location of the failed sample.  
Perform a field test for peel strength.  If these field samples pass, then laboratory samples 
can be cut and forwarded to the laboratory for full testing. 
 

If the laboratory samples pass then repair the seam between the two (2) passing samples 
locations. 
 

Capping or removal,  of the failed seam are the only two (2) acceptable methods for repairing 
failed seams. 
 

All destructive seam samples sent to the Engineer’s laboratory shall be numbered. 
 

(d) Quality Assurance Laboratory Testing 
 

(1) Destructive samples sent to the laboratory will be tested for shear/peel strength, 
elongation, and peel separation according to table 1(a) of GRI Test Method GM19. 
Five (5) specimens shall be tested for each test method with data recorded.  Four (4) 
out of the five (5) specimens must pass and the fifth specimen must be 80% of the 
passing test values.  The passing test values are as follows: 

 

Hot Wedge Seams 
   Shear Strength-120 ppi 
   Shear elongation at break – 50% 
   Peel Strength- 91 ppi 
   Peel separation-25% 
 Extrusion Fillet Seams 
   Shear Strength-120 ppi 
   Shear Elongation at break-50% 
   Peel Strength- 78 ppi 
   Peel separation-25% 

 

(2) Defects and Repairs 
 

(a) The Flexible Membrane Liner Superintendent shall conduct a detailed walk 
through and visually check all seams and non-seam areas of the geomembrane 
for defects, holes, blisters and signs of damage during installation. 
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(b) All other installation personnel shall, at all times, be on the lookout for any 

damaged areas.  Damaged areas shall be marked and repaired. 
 

(c) Repair Procedures 
 

Any portion of the geomembrane showing a flaw or failing a destructive or 
non-destructive test shall be repaired.  Several procedures exist for repair and 
the decision as to the appropriate repair procedure,  shall be made by the 
Flexible Membrane Liner Superintendent.  Repairs need to be made in a timely 
manner to protect the moist cohesive soil liner and flexible membrane liner. If 
inclement weather is approaching, steps need to be made to protect the cohesive 
soil liner or geosynthetic clay liner (GCL) such as a temporary cover.  If cohesive 
soil liner is damaged, it must be reworked.  If the GCL is damage, it must be 
replaced with non-hydrated GCL.  Procedures available for liner repair: 

 

Patching - used to repair large holes, tears and destructive sample locations.  All 
patches shall extend at least six (6) inches beyond the edges of the defect and 
all corners of patches shall be rounded. 

 

Grinding and welding - used to repair sections of extruded seams.  
 

Spot welding or seaming - used to repair small tears, pinholes or other minor 
localized flaws. 

 

Capping - used to repair lengths of failed seams. 
 

Removal of a bad seam and replacement with a strip of new material seamed 
into place. 

 

(d) Verification of Repairs 
 

Every repair shall be non-destructively tested. Repairs which pass the 
non-destructive test shall be deemed adequate. Large repairs may require a 
destructive test. Repair test results shall be logged.  The repair location shall be 
recorded on an as-built drawing. 

 

 (e) Liner Acceptance 
 

 The constructed liner will be accepted when all non-destruct and destruct tests 
 have passed their respective tests and the results have been verified by the 
  Engineer. Geocomposite can be installed over the liner once it has been 
 accepted. 
 

4.2.6 Protective Cover for Landfill Construction 
 
HPDE Geocomposite Drainage Netting manufactured by SKAPS Industries, or approved equal.  Q/C 
testing information/certification for each property on geocomposite will be provided by the 
contractor/manufacture for the rolls delivered. The thickness, transmissivity and ply adhesion will be 
tested by the Engineer’s third party laboratory for quality assurance.  One roll from every 200,000 ft.

2
 of 

material delivered to the site will be tested. 
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The geocompsite will be handled in such a manner as to ensure the geocomposite are not damaged in 
any way.  On slopes, the geocomposite will be secured in the anchor trench and then rolled down the 
slope in such a manner as to continually keep the geocomposite sheet in tension.  If necessary, the 
geocomposite will be positioned by hand after being unrolled to minimize wrinkles.  Geocomposite can 
be placed in the horizontal direction (i.e., across the slope) in some special locations (e.g., where extra 
layers are required or where slope is less than 10:1).  

 

Geocomposite will not be welded to the geomembrane.  Geocomposite will be cut using approved 
cutters,(i.e., hook blade, scissors, etc.)  Care should be taken to prevent damage to underlying layers.  
Care must be taken not to entrap dirt in the geocomposite that could cause clogging of the drainage 
system, and or stones that could damage the adjacent geomembrane. 
 

Adjacent rolls of geocomposite will be overlapped by at least four inches and securely tied.  Tying can 
be achieved by plastic fasteners.  Tying devices will be white or yellow for easy inspection.  Metallic 
devices are not allowed.  Tying will be five to ten feet along the bottom of the slope. Tying will be every 
five feet along the slope, every two feet across the slope and at the top of the berm.  Tying in the 
anchor trench will be done in one foot intervals.  In the corners of the side slopes where overlaps 
between perpendicular geocomposite strips are required, an extra layer of geocomposite will be 
unrolled along the slope, on top of the previously installed geocomposite, from the top to bottom of the 
slope. 
 

Any holes or tears in the geocomposite will be repaired by placing a patch, utilizing the same 
geocomposite material,  extending two feet beyond edges of the hole or tear.  The patch will be secured 
to the original geocomposite by tying every twelve inches.  If the hole or tear width across the roll is 
more than 50% the width of the roll, the damaged area will be cut out and the two portions of the 
geocomposite will be joined.   
 

The engineer will visually inspect the drainage layer before placement of the protective soil, if any 
defects are detected they will be repaired before placement of protective soil.  
 

Protective Cover Soil  
 

The soil for the protective cover shall consist of suitable soil, free of debris, roots, rocks and organics.  
The soil shall contain no particles or objects greater than 3/4 inch in largest dimension.  The soil will be 
screened in the presence of the Engineer.  The screening can be either on or off site.  If screened soil is 
not used, the only acceptable alternate is a  N.C. DOT approved sand.  The borrow site for sand will be 
NCDOT approved for sand of any gradation.  The NCDOT approval and gradation report shall be 
submitted to the Engineer.  There are no permeability, grain size, or  other tests that will be required for 
this material.  This material is not being used as a drainage media; leachate collection lines are 
installed and designed to collect water flowing on top of the protective cover. 
 
Installation Protective Soil Cover 
 

Installation of the protective cover shall be the responsibility of the contractor.  Before proceeding with 
placement of the protective cover over the liner, the Contractor shall furnish to the Engineer with the 
manufacturer's certification that the lining has been satisfactorily installed in accordance with the 
manufacturer's recommendations. 
 

The protective cover shall be composed of select backfill and backfill.  The cover shall be installed 
using low ground pressure equipment such as a Caterpillar D6H LGP, or approved equal, with ground 
pressure not exceeding 4.71 psi until the depth of cover exceeds three feet. 
 
The cover shall be installed using low ground pressure equipment such as a Caterpillar D6H LGP, or 
approved equal, with ground pressure not exceeding 4.71 psi until the depth of cover exceeds three 
feet. 
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When installing the cover, the contractor shall adhere to the following guidelines: 
 

(1) A minimum of 12 inches of cover between low ground pressure equipment such as 
the Caterpillar D6H LGP, or approved equal, and the liner is required at all times.  
Roadways for entering and for transporting material over slopes and floor shall have 
a minimum depth of four feet. 

(2) Avoid undue stress on the liner at all times.  Cover material must be pushed up side 
slopes, never down to help minimize wrinkles. Material must be placed to minimize 
wrinkles. Wrinkles in excess of two feet in height are unacceptable.  If a wrinkle is 
more than two feet in height, soil will be placed on top of the wrinkle to decrease the 
height. Fold over of the liner will not be allowed. A worker must walk along side earth 
moving equipment and remove all rocks, stones, roots or other debris that could 
cause damage to the liner.  Equipment operators must avoid sharp turns or quick 
stops that could pinch and tear the liner.  

 
(3) If damage does occur, report it to the Construction Observer immediately so that 

repairs can be performed without needless delay. All repairs to any component of the 
liner system will be done and tested according to the required repairs and testing for 
that component. 

 
(4) Cover shall be placed and maintained in a uniform thickness, free of ruts and  
  irregularities. 
 
(5) Do not work wet cover material that cannot support equipment. 
 
(6) Equipment operators and all other personnel must be qualified and must exercise 

good judgment and common sense at all times. 
 
(7) The thickness and grade of the protective soil will be verified by the surveyor.  The 

soil liner will be surveyed at 50’ grid points where the elevations of the top of 
cohesive soil will be checked with the top of protective cover to verify 3.0 feet 
protective cover. The grade will then be verified with the surveyed information. The 
survey will be performed by a NC licensed surveyors. 

 

Protective soil will be used to backfill all anchor trenches.  The anchor trenches will be filled as the 
protective cover is being installed up the slopes on the geocomposite.  The fill will consist of 8 inch 
loose lifts, that will be compacted to 6 inch lifts.  The lifts will be compacted to 95% of the Standard 
Proctor and tested for density on 2 foot intervals for every 500 ft. of anchor trench.  The results of the 
tests will become part of the Contractor’s Geotechnical Engineer’s final report. 
 
4.2.7 Leachate Collection System 

 
All materials and equipment shall be furnished by an established and reputable manufacturer or 
supplier.  All materials and equipment shall be new and shall be of first class ingredients and 
construction, designed and guaranteed to perform the service required and shall conform with the 
following standard specifications, or shall be the product of the listed manufacturers, or similar and 
equal; thereto, as approved by the Engineer. 
 

(1)  High Density Polyethylene Pipe 
 
The polyethylene pipe shall be high performance, ultra-high molecular weight, high density 
polyethylene pipe, conforming to ASTM D1248 (Type III, Class C, Category 5, Grade P34).  
Minimum cell classification values shall be 335434C as referenced in ASTM D3350.  The 
pipe shall be SDR 17.  The pipe shall contain 2 percent carbon black.   
 
 



P:\solid waste\G06096 Wayne Co. PTC Ph. 3\documents\G06096-PTC ph.3.doc       lch     4/23/2010    rev. 12/15/2010   Rev.   2/1/2011   Rev. 3/17/11 264

(2)  Stone Surrounding Perforated Collection Piping 
 
Stone for leachate collection system shall meet the requirements of NC DOT aggregate, 
standard size No. 5 and shall contain no fines greater than 2% by weight passing the #200 
sieve and consist of rock dust produced through normal handling of the aggregate.  Stone 
must pass the sieve analysis test for No. 5 stone performed at the quarry. The quarry will 
provide their standard sieve analysis of the stone being delivered to the site and the Engineer 
will have a third party laboratory sieve analysis for approximately every 500 tons of stone 
delivered to the site. 
 

The stone shall be non-carbonaceous mineral, which must be chemical compatible with 
leachate with the maximum acceptable concentration of calcium carbonate per ASTM D4373 
for the stone used in the leachate collection system. 
 

(3)  Geotextile Filter Fabric 
 

Filter fabric surrounding the stone/collection piping shall be non-woven needle punched 
drainage fabric with the following minimum properties: 

 

 1) Weight 4.5 oz/yd
2

  ASTM D-5261 
 2) Thickness 60 mils  ASTM D-1777 
 3) Grab Strength 125 lbs.  ASTM D-4632  
 4) Grab Elongation 60%  ASTM D-4632 
 5) Trapezoidal Tear Strength 60 lbs.  ASTM D-4533 
 6) Puncture Strength 65 lbs.  ASTM D-4833 
 7) Mullen Burst  Strength 185 psi  ASTM D-3786 
 8) Permittivity 1.8 sec

-1
  ASTM D-4491 

 9) Apparent Opening Size (AOS) 0.212 mm ASTM D-4751 
   (US sieve size 70) 
 

Filter fabric shall be manufactured by Polyfelt, Mirafi, or approved equal.    
 

 (4)  Knife Gate Valves 
 

Knife Gate Valves shall be bonnetless, wafer type made with a cast iron body, with several 
support ribs for a strong flanged connection.  All sizes shall have a fabricated stainless steel 
liner.  Standard flange holes will be drilled and tapped.  Flange drilling dimensions will meet 
M.S.C. SP-81 and A.N.S.I. B16.5, Class 125/150 requirements.  The raised face flange shall 
meet M.S.S. SP-81 face-to-face dimensions.  Valves shall have all wetted parts of stainless 
steel.  Stainless steel liner shall extend through the valve chest to the top of the packing 
gland.  Both sides of the gate shall be finished ground.  The stem shall be stainless steel and 
shall have double pitch threads.  The yoke nut shall be acid-resisting bronze.  The valve shall 
have a raised seat with a relieved area around the seat to prevent jamming.  The valve gate 
shall be suitable for 125 psi pressure differential.  Packing gland shall have three (3) layers of 
fiber packing with a 4th elastomer seal.  Resilient seated knife gate valves shall have a round 
port with a replaceable resilient seat interlocked by a metal retaining ring.  The metal ring 
shall act as a wiper blade to clean the gate before it passes over the seat.  The resilient seat 
shall be captured and locked in place on three (3) sides only exposing one surface for sealing 
which prevents blowout.  Knife gate valves shall be a series 304G as manufactured by Red 
Valve or equal. 
 

(5)  Polyethylene Manholes 
 
Polyethylene manholes shall be produced using polyethylene compounds conforming to the 
requirement of Type III, Category "3", Class B, as defined and described in ASTM D-1248.  
Clean reworked material or reprocessed material may be use din the manufacture provided 
that the manhole components meet all the requirements of the product specification. 
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Polyethylene manholes shall be produced in the rotational molding process.  The manhole 
will consist of an appropriate combination of base, elevation, and top section based on 
project requirements.  Interior access to all manholes shall be designed so that a portable 
ladder or permanent step system can be supported by the installed manhole.  Manholes may 
be supplied with factory molded steps.  Manway reducers shall be concentric with respect to 
the larger portion of the manhole.  The manhole shall be designed to accept and shall be 
furnished with concrete filled polyethylene manhole lids weighing not less than 190 pounds 
and must be compatible with a Dewey Brothers RCR-2001 standard cast iron frame.  
Manhole segment joints shall be designed to function as a full tongue and grove with the 
groove portion no less than 2.75 inches in depth, and shall include water tight gaskets and/or 
sealing compounds as recommended by the manufacturer. 
 
Polyethylene manholes shall have a nominal cylinder internal diameter of 48 inches.  The 
manway reducer nominal inside diameter shall be 27.75 inches.  Wall thickness of all 
components shall be determined in accordance with ASTM D-2122 and shall be a minimum 
of .330 inches.  
 
(6)  Trenching for Leachate Piping 
 
The Engineer shall provide on the Contract Drawings a horizontal layout for the proposed 
leachate collection system along with a minimum of two (2) benchmarks.  The Contractor 
shall be responsible for verifying the accuracy of any and all bench marks prior to use.  No 
claim for extra work will be allowed for alleged inaccuracy for any benchmark. It shall be the 
Contractor's responsibility to protect the original line and benchmarks set by the Engineer.  
Should this information become destroyed or damaged, the cost of the replacement will be 
borne by the Contractor. 
 
Excavation for the leachate collection shall be done only after the three foot of protective 
cover has been installed over the flexible membrane liner. The width of the excavation shall 
be no wider than two feet.  Surface water that may have been trapped in the trench shall be 
removed immediately. 
 

Mechanical equipment can be used for the first two and one-half feet of excavation.  The 
remaining one-half foot or whatever protective cover remains above the flexible membrane 
liner shall be excavated by hand so as to not damage the liner.  If damage occurs to the liner 
the Engineer or Owner shall be notified immediately and the repair shall take place shortly 
thereafter. All repairs to any component of the liner system will be done and tested according 
to the required repairs and testing for that component. 
 

 (7) Leachate Trench Construction 
 
Geotextile filter fabric shall be installed along the entire length of the trenching or as required 
by Project Specifications on top of the exposed flexible membrane liner/geocomposite net.  
This fabric is intended to protect the liner/net from the stone that surrounds the perforated 
collection piping. 
 
In addition, the fabric shall be installed up the walls of the trench with enough excess at the 
top so that the stone can be completely covered with filter fabric. 
 

 The leachate collection pipe shall be placed in the bottom of the trench and the stone shall be 
 placed around and over the pipe up to approximately six inches above the top of the 
 protective cover. 
 
 The as-built location of the leachate collection trenches and sump shall be part of the CQA 
 documentation. 
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(8) Videoing of Lines  
 

All the lines that have cleanouts attached shall be videoed after installation to assure that the 
lines are clean and free of debris.  The video shall include the entire length of the line that 
has been constructed.  The video shall become part of the QC documentation. 

 

4.2.8 Sewer Line 
 

All HDPE pipe shall be laid in conformance with the ASTM standard for installing flexible thermoplastic 
pipe ASTM D2321.  This specification shall be strictly conformed with unless otherwise noted by the 
Project Specifications or required by the Engineer on site because of local conditions. 
 

All Dual Containment HDPE  Pipe shall confirm to ASTM D3350. 
 

(1)  Construction Methods 
 

All Gravity Flow Pipeline shall be installed using a laser for control of vertical and horizontal alignment.  
The Contractor shall follow accepted practices in the utilization of the laser.  A certified laser operator 
shall be present on the job at all times.  Care shall be exercised to assure that the alignment control 
range of the instrument is not exceeded; but in no case, shall the range exceed 500 feet.  Care shall be 
taken to prevent vibration of or direct sunlight on the instrument.  Where present, a blower shall be 
provided to purge glue vapors from the pipe.  An air velocity meter shall be provided so that the velocity of 
air in the pipe will not be great enough to cause the light beam to be distorted.  The Contractor shall 
coordinate the work to minimize the number of take downs and set ups at each point.  Periodic checks of 
the laser shall be made to assure that alignment is maintained. 
 

Each pipe shall be laid on an even, firm bed, so that no uneven strain will come to any part of the pipe. 
Before each piece of pipe is lowered into the trench, it shall be thoroughly inspected to insure it’s being 
cleaned.  Each piece of pipe shall be lowered separately.  No piece of pipe or fitting which is known to be  
defective, shall be laid or placed in the lines.  If any defective pipe or fitting shall be discovered after the 
pipe is laid it shall be removed and replaced with a satisfactory pipe or fitting without additional charge.  In 
case a length of pipe is cut to fit in a line, it shall be so cut as to leave a smooth end at right angles to the 
longitudinal axis of the pipe. 

 

(2)   Butt Fusion for HDPE pipe 
 

Clean pipe ends inside and outside with a clean cloth to remove dirt, water, grease and other foreign 
materials. 
 

Square (face) the pipe ends using facing tool of the fusion machine. 
 

Check line-up of pipe ends in fusion machine to see that pipe ends meet squarely and completely over 
the entire surface to be fused.  This is commonly referred to as "adjusting high-low".  It is advisable at this 
point to make sure the clamps are tight so that the pipe does not slip during the fusion process. 
 

Insert clean heater plate between aligned ends, and bring ends firmly in contact with plate, but do not 
apply pressure while achieving melt pattern.  Carefully move the pipe ends away from the heater plate 
and remove the plate.  (If the softened material sticks to the heater plate, discontinue the joint.  Clean 
heater plate, re-square pipe ends and start over.) 
 

Note:  One pipe end usually moves away from the heater plate first.  It is good practice to "bump" the 
plate away from the other side and then lift it out.  Never drag or slide it over the melted pipe end. 
 

Bring melted ends together rapidly.  Do not slam.  Apply enough pressure to form a double roll back to 
the body of the pipe brad around the entire circumference of the pipe about 1/8" to 3/16" wide.  Pressure 
is necessary to cause the heated material to flow together. 
 

Allow the joint to cool and solidify properly.  This occurs when the brad feels hard and your finger can 
remain comfortably on the brad.  Remove the pipe from the clamps and inspect the joint appearance. 
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(3)  Tests 
 

 HDPE Dual Containment Force main - ASTM F2164-02. All HDPE pipe shall be tested at 1.5 times the 

rated working pressure.  The outer pipe shall be tested separately from the inner pipe.  In no case shall 

there be any visible leakage, nor shall there be leakage between any section of pipe. 

 

4.2.9 Closure Cap System 
 
All materials and equipment shall be furnished by an established and reputable manufacturer or supplier.  
All materials and equipment shall be new and shall be of first class ingredients and construction, 
designed and guaranteed to perform the service required and shall conform with the following standard 
specifications or shall be the product of the listed manufacturers or similar and equal thereto as approved 
by the Engineer. 
 

4.2.10 Conformance Testing for Interface Friction Angles of Capping Materials  
 

Conformance testing for Interface Friction Angles, for every 200,000 square feet of capping materials is 
as follows: 
 

 Minimum Friction Angle for soil to textured LLDPE liner is 26 degrees and the test method is  
 ASTM 5321. 
 

 Minimum Friction Angle for textured LLDPE liner to 250 mil double bonded geocomposite drainage 
 net is 24 degrees and the test method is ASTM 5321. 
 

 Minimum Friction Angle for 250 mil double bonded geocomposite drainage net to soil is 26 degrees 
 and the test method is ASTM 5321. 
 

4.2.11 Closure Cohesive Soil Cap 
 

All materials and equipment shall be furnished by an established and reputable manufacturer or supplier.  
All materials and equipment shall be new and shall be of first class ingredients and construction, 
designed and guaranteed to perform the service required and shall conform with the following standard 
specifications or shall be the product of the listed manufacturers or similar and equal thereto as approved 
by the Engineer. 
 

Cohesive Soil Cap Borrow Material 
 

Test Name Test Method Contractor/Engineer 
Frequency 

   

Moisture/Density ASTM D698/D1557 1 per 5000 c.y.  
Remolded Permeability ASTM D5084 1 per 5000 c.y. 

Atterberg Limits ASTM D4318 1 per 5000 c.y. 
Visual Classification ASTM D2487 1 per 5000 c.y. 

Grain Size Distribution ASTM D422 1 per 5000 c.y. 
 

Cohesive Soil Cap Test Pad 
 

Test Name Test Method Contractor/Engineer Frequency 
   

Field Moisture/Density ASTM D1556 (sand cone) 
ASTM D2922/D3017 (nuclear gauge) 

ASTM D2937 (drive cylinder) 

3 per lift  

Permeability ASTM D5084 1 per lift 
Remolded Permeability ASTM D5084 1 per lift 

Atterberg Limits ASTM D4318 1 per lift  
Visual Classification ASTM D2487 1 per lift  

Grain Size Distribution ASTM D422 1 per lift  
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In-Place Cohesive Soil Cap 
 

Test Name Test Method Contractor/Engineer 
Frequency 

   
Field Moisture/Density ASTM D1556 (sand cone) 

ASTM D2922/D3017 (nuclear gauge)  
ASTM D2937 (drive cylinder) 

1 per lift per acre 

Permeability ASTM D5084 1 per lift per acre 
Atterberg Limits ASTM D4318 1 per lift per acre 

Visual Classification ASTM D2487 1 per lift per acre 
Grain Size Distribution ASTM D422 1 per lift per acre 

(a) Suitable on-site and/or off-site soils may be used as cohesive soil cap if it can achieve an in-place 
permeability of 1.0 x 10

-5
 cm/sec or less and meets all testing requirements indicated in the material 

testing paragraph in this section. Wyoming bentonite or an approved equivalent may be blended with the 
soil to lower the soil's permeability. 
 
(b) A permeability “window” shall be developed for each type of soil from the borrow material that will be 
used for construction of the cohesive soil cap.  The window shall be plotted on a semi-log plot with 
moisture content versus density.  Laboratory testing to develop the window shall include a series of 
remolded samples compacted to various dry densities and moisture contents utilizing the same 
compactive effort (ASTM D 698 or D 1557).  The remolded samples shall be tested for permeability to 
determine whether or not the particular soil type will provide the maximum permeability (1.0 x 10

-5
 

cm/sec) at various dry densities and moisture contents.  The window is then developed from the accepted 
remolded samples and moisture contents from the semi-log plot.  A straight line is typically drawn 
between the acceptable points on the moisture-density curve to indicate a range of probable acceptable 
permeability results.  The window will be used in the construction of the test strip to verify the laboratory 
remolded permeability results.   
 

(c) Atterberg limits and grain size distribution shall also be conducted on the bulk samples used to 
prepare the permeability window ASTM D2487, D4318, D422.  These tests can be used as indices on 
random samples collected from the borrow site during construction to verify the soil type is the same as 
was used to develop the “window”. As a minimum, sufficient visual classifications and Atterberg limits 
shall be conducted in association with each permeability test to verify that the construction materials meet 
specifications.  
 

(d) A test strip of compacted cohesive soil cap shall be prepared to verify the permeability “window” prior 
to general installation of the cohesive soil cap.  The test strip will be used to verify the results from the 
remolded permeabilities from the borrow site utilizing the permeability window(s) for each soil type that is 
going to be used for construction of the cohesive soil cap.  At a minimum, the verification will consist of 
three moisture density tests, one Atterberg limits test, one grain size distribution test (ASTM D2487, 
D4318, and D422), and one Shelby Tube sample for each lift constructed in the test pad. Laboratory 
permeability tests shall be performed on tube (Shelby or drive tubes) samples of the cohesive soil cap 
after placement and compaction. The permeability must be a maximum of 1.0 x10

-5
cm/sec. Tests shall be 

performed in accordance with the ASTM D5084. The test strip shall be approximately 2,500 sq. ft. in 
surface area and constructed to conform geometrically to the site topography with a minimum lateral 
dimension in any direction of 25 ft.  The test strip shall consist of at least three compacted 6 inch lifts of 
cohesive soil cap.  Placement and testing of the test strip shall be in conformance with the construction 
specifications and requirements for general installation of the cohesive soil cap.  Test results from the test 
strip shall be used to guide placement and achievement of the required maximum permeability of 1.0 x 
10

-5
 cm/sec of the cohesive soil cap.  The test strip may be used as an integral part of the overall 

cohesive soil cap if it meets the required specification for the cap.  All results shall be given to the 
Construction Observer. 
 

(e) The soils shall be placed to the total thickness shown on the plans in maximum 8-inch thick loose lifts 
with a maximum 6" compacted lift compacted preferably at a moisture content between 0 to 3% above 
optimum moisture content to 95% standard Proctor maximum dry density (ASTM Test Designation D698). 
A sheepsfoot roller or approved alternative may be used to compact the soil cap provided the compaction 
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and permeability requirements can be achieved.  Each lift shall be tested for permeability, moisture 
content, particle size distribution analysis, Atterberg limits, moisture-density-permeability relation, and if 
needed percent bentonite admixed with soil, prior to the placement of the succeeding lift and visually 
inspected to confirm that all soil clods have been broken and that the surface is sufficiently scarified so 
that adequate bonding can be achieved.  Soils for cohesive soil cap shall be screened, disked, or 
prepared using any other approved method as necessary to obtain a homogeneous cohesive soil with 
clod sizes in a soil matrix no larger than about 1.5 inches in maximum diameter.  After each lift, the 
surface shall be scarified prior to the placement of the next lift to provide good bonding from one lift to the 
next. 
 

(f) The cohesive soil cap shall be tested to evaluate the coefficient of permeability.  The coefficient of 
permeability of the soil cap shall be equal to or less than 1.0 x 10

-5
 cm/sec after placement and 

compaction.  The soil cap must be a minimum of 1.5 feet thick.  
 

(g) Laboratory falling head permeability tests shall be performed on tube (Shelby or drive tubes) samples 
of the cohesive soil cap after placement and compaction. The permeability must be a maximum of 1.0 x 
10

-5
 cm/sec. Tests shall be performed in accordance with ASTM D5084.  All laboratory permeability tests 

shall be performed at a confining pressure of 10 psi and at a hydraulic gradient of 20. 
 

(h) The soil cap shall be tested a minimum of one soil sample per lift per acre for laboratory permeability. 
All permeability testing will be on random samples judged by the Engineer to be representative of the 
most permeable soil conditions for the area being tested.  The Engineer shall certify that the materials 
used in construction were tested according to the Division approved plans. If after placement of the soil 
cap it fails the required tests, the material will either be reworked or replaced and retested. The soil cap 
must remain moist at all times, if any section becomes dry, rework the dry area and moisten.  
 

(i) A minimum of two (2) inches of soil shall be removed prior to securing each sample for permeability 
testing.  The sampling tube shall be advanced vertically into the soil with as little soil disturbance as 
possible and should be pushed using a uniform pressure.  The sampling tube (Shelby tube), when 
extracted, shall be free of dents, and the ends shall not be distorted.  A backhoe or approved alternative 
should be used to advance the sampling tube (Shelby tube) as long as disturbance is minimized.  Drive 
tube samples of the cap may be obtained for permeability testings.  If the Engineer judges the sample to 
be too disturbed, another sample shall be taken.  Once an acceptable sample has been secured and 
properly prepared, all sample excavations or other holes created by survey stakes, etc. shall be backfilled 
to grade with a 50% mixture of bentonite and similar soils in maximum 3-inch loose lifts and hand tamped 
with a blunt tool to achieve a tight seal equivalent to the original density.   
 

(j) No additional construction shall proceed on the soil layers at the area being tested until the Engineer 
has reviewed the results of the tests and judged the desired permeability is being achieved. 
 

(k) As a minimum, sufficient visual classifications (ASTM Test Designation D2487) , analyses (ASTM Test 
Designation D422) and Atterberg limits (ASTM Test Designation D4318) shall be conducted in 
association with each permeability test to verify that the construction materials meet specifications. The 
minimum number of tests will be 1 per lift per acre. 
 

(l) If the soil for the cohesive soil cap is incapable of achieving the required permeability when compacted, 
bentonite or approved alternative may be mixed with the soils to decrease the permeability.  The amount 
of additive required must be determined in the laboratory and mixed in the field using either a pug mill or 
a soil stabilizer.  Where additives are required, the soil shall be placed in maximum 8-inch thick loose lifts 
and compacted preferably between 0 to +3% optimum moisture content to 95% standard Proctor 
maximum dry density (ASTM Test Designation D698) for the soil-additive mixture.  All other compaction 
procedures for the soil apply.   
  
(m) Surfaces to be lined shall be smooth and free of debris, roots, and angular or sharp rocks larger than 
three-eight (3/8) inches in diameter to a depth of six (6) inches.  The cohesive soil cap shall have no 
sudden sharp or abrupt changes in grade such as tire ruts. 
 



P:\solid waste\G06096 Wayne Co. PTC Ph. 3\documents\G06096-PTC ph.3.doc       lch     4/23/2010    rev. 12/15/2010   Rev.   2/1/2011   Rev. 3/17/11 270

(n) The Contractor shall protect the cohesive soil cap from desiccation, flooding and freezing.  Protection, 
if required, may consists of a thin plastic protective cover, (or other material as approved by the engineer) 
installed over the completed cohesive soil cap until such time as the placement of flexible membrane liner 
begins.  Areas found to have any desiccation cracks or which exhibit swelling, heaving or other similar 
conditions shall be replaced or reworked by the contractor to remove these defects. Areas where the 
cohesive soil has been replaced, desiccation cracks and/or heaving is deeper than two (2) inches shall be 
retested. 
 

(o) The thickness and grade of the soil cap will be verified by the surveyor before placement of the 
geomembrane liner. The soil cap will be surveyed at 50’ grid points where the elevations of the top of 
intermediate cover will be compared with the top of soil cap to verify 1.5 feet of soil cap.  The grade will 
then be verified with the surveyed information. The survey will be performed by a N.C. licensed surveyor. 
 

(p) Surface Acceptance.  Upon request, the Flexible Membrane Liner manufacturer installer shall provide 
the Engineer with a written acceptance of the surface prior to commencing installation. Subsequent 
repairs to the cohesive soil cap and the surface shall remain the responsibility of the contractor. 
 
4.2.12 Closure Flexible Membrane Liner Method of Deployment  
 
All materials and equipment shall be furnished by an established and reputable manufacturer or supplier.  
All materials and equipment shall be new and shall be of first class ingredients and construction, 
designed and guaranteed to perform the service required and shall conform with the following standard 
specifications or shall be the product of the listed manufacturers or similar and equal thereto as approved 
by the Engineer. 

Flexible Membrane Liner Tests 
 

Test Name Description Test 
Method 

Frequency 

    
Air Test  Air Test Seams  Every Seam  

Vacuum Test Every welded area  Where air test 
impossible 

Destructive Tests Seam Strength ASTM 
D4437 

Every 500’ of 
seam 

 
Qualified liner installers, seamers, and the liner foreman shall meet a minimum requirement of 1,000,000 
square feet of geomembrane installation. There are no other minimum qualifications needed by other 
parties. 
 
The 40 mil. Linear Low Density Polyethylene (LLDPE) is to be placed in direct contact with moist 
cohesive soil cap. The extrusion rods and/or brads used in seaming the rolls together shall be derived 
from the same base resin as the liner and shall meet the following minimum properties: 
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(1) Preparation for Geomembrane Deployment 
 

(a) Panel Layout 
 

Prior to commencement of liner deployment, layout drawings shall be produced to indicate the 
panel configuration and location of seams for the project. 
 

(b) Identification 
 

Each panel used for the installation shall be given a numeric or alpha-numeric identification 
number consistent with the layout drawing.  This identification number shall be related to 
manufacturing roll number that identifies the resin type, batch number and date of manufacture. 
 

(c) Verification 
 

The manufacturers certification will be reviewed by the Engineer.  If the certification does not 
meet the requirements of GRI-GM17, the corresponding liner rolls will be rejected. 
 

The Engineer will remove a sample from 1 out of 4 rolls delivered to the site and have a third 
party lab test for thickness, density, carbon black content, carbon black dispersion and tensile 
properties.  The will have been accredited by the Geosynthetic Accreditation Institute (GAI).  
 

(2) Field Panel Placement 
 

(a) Location 
 

The Flexible Membrane Liner Manufacturer/Installer shall install field panels at the location 
indicated on the layout drawing.  If the panels are deployed in a location other than that indicated 
on the layout drawings, the revised location shall be noted in the field on a layout drawing, which 
will be modified at the completion of the project to reflect actual panel locations. 
 

(b) Weather Conditions 
 

Geomembrane deployment shall not be carried out during any precipitation, nor in the presence 
of excessive moisture (i.e. fog, dew), in an area of standing water, or during high winds. 
 

(c) Method of Deployment shall follow the manufacturer’s recommendations and sound, 
accepted engineering practices. 
 

(1) The method and equipment used to deploy the panels must not damage the 
geomembrane or the supporting subgrade surface. 

 

(2) No personnel working on the geomembrane will smoke, wear shoes that can damage the 
geomembrane, or engage in actions, which could result in damage to the geomembrane. 

 

(3) Adequate temporary loading and/or anchoring, (i.e. sandbags, tires), which will not 
damage the geomembrane, will be placed to prevent uplift of the geomembrane by wind.  
If uplift occurs, additional sandbags will be placed in necessary areas. 

 

(4) The geomembrane will be deployed in a manner to minimize wrinkles. The 
geomembrane will have no fold overs. 

 

(5) Any damage to a panel of the geomembrane will be repaired.  Any area of a panel 
seriously damaged (torn, twisted, or crimped) will be marked, cut out and removed from 
the work area with resulting seaming and/or repairs performed. 

 

(3) Field Seaming 
 

(a) Layout 
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In general, seams shall be oriented parallel to the slope, i.e., oriented along, not across the slope.  
Whenever possible, horizontal seams should be located not less than five (5) feet from the toe of 
the slope.  Each seam made in the field shall be numbered in a manner that is compatible with 
the panel layout drawing for documentation of seam testing results. 
 
(b) Personnel 
 
All personnel performing seaming operations shall be trained in the operation of the specific 
seaming equipment being used and will qualify by successfully welding a test seam. The project 
foreman will provide direct supervision of all personnel seaming to verify proper welding 
procedures are followed. Qualified liner installers, seamers, and the liner foreman shall meet a 
minimum requirement of 1,000,000 square feet of geomembrane installation. There are no other 
minimum qualifications needed by other parties. 
 
 (c) Equipment 
 

(1) Fusion Welding 
 
Fusion Welding consists of placing a heated wedge, mounted on a self propelled vehicular 
unit, between two (2) overlapped sheets such that the surface of both sheets are heated 
above the polyethylene's melting point.  After being heated by the wedge, the overlapped 
panels pass through a set of preset pressure wheels, which compress the two (2) panels 
together so that a continuous homogeneous fusion weld is formed.  The fusion welder is 
equipped with a temperature readout device, which continuously monitors the temperature of 
the wedge. 
 
(2) Extrusion Fillet Welding 
   
Extrusion fillet welding consists of introducing a ribbon of molten resin along the edge of the 
seam overlap of the two (2) sheets to be welded.  The molten polymer causes some of the 
material of each sheet to be liquefied resulting in a homogeneous bond between the molten 
weld bead and the surfaces of the sheets.  The extrusion welder is equipped with gauges 
giving the temperature in the apparatus and the preheat temperature at the nozzle. 

 
(d) Weather Conditions 
 
The Flexible Membrane Liner Manufacturer/Installer will rely on the experience of the Flexible 
Membrane Liner Superintendent and the results of test seams to determine seaming restrictions 
by weather.  Many factors, such as ambient temperature, humidity, wind, sunshine, etc., can 
affect the integrity of field seams and must be taken into account when deciding whether or not 
seaming should proceed.  Responsibility for monitoring these conditions shall lie with the Flexible 
Membrane Liner Superintendent; however, the Engineer may suspend any seaming operation, 
which is, in his opinion, at the risk of providing the Owner with a quality product.  Test seams are 
required prior to daily production seaming to determine if the weather conditions will effect the 
Flexible Membrane Liner System's ability to produce quality seams. Additional non-destructive 
and destructive testing of production seams substantiate the decision made by the Flexible 
Membrane Liner Superintendent to seam on any given day. 
 

(4)  Seam Preparation 
 
(a) Fusion Welding 
 

(1) Overlap the panels of geomembrane approximately four (4) inches. 
 
(2) Clean the seam area prior to seaming to assure the area is clean and free of 

moisture, dust, dirt, and debris of any kind.  No grinding is required for fusion welding. 
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(3) Adjust the panels so that seams are aligned with the fewest possible number of 
wrinkles and "fishmouths". 

 

(4) A movable protective layer may be used, at the discretion of the Flexible Membrane 
Liner Superintendent, directly below the overlap of geomembrane that is to be 
seamed to prevent build-up of moisture between the panels. 

 

(b) Extrusion Welding 
 

(1) Overlap the panels of geomembrane a minimum of three (3) inches. 
 

(2) Temporarily bond the panels of geomembrane to be welded taking care not to 
 damage the geomembrane. 

 

(3) Grind seam overlap prior to welding within one (1) hour of welding operation in a 
manner that does not damage the geomembrane.  Limit grinding to ¼” outside of the 
extrusion weld area.   

 

(4) Clean the seam area prior to seaming to assure the area is clean and free of moisture, 
dust, dirt, and debris of any kind. 

 

(5) Purge the extruder prior to beginning the seam to remove all heat-degraded extrudate 
 from  the barrel. 
 

(6) Keep welding rod clean and off the ground. 
 

(5) Test Seams 
 

Test seams shall be performed at the beginning of each seaming period and at approximately 
every 4-working hour intervals for each seaming apparatus used that day.  Test seams shall be 
made on fragment pieces of the geomembrane liner and under the same conditions as actual 
seams. 
 

(a) Test Seam Length 
 

The test seam shall be at least three (3) feet long and should be made by joining two (2) 
pieces of geomembrane at least 9" in width. 

 

(b) Sample Procedure 
 

(1) Visually inspect the seam for squeeze out, footprint, pressure and general 
 appearance. 

 

(2) Two random samples one (1) inch wide shall be cut from the test seam.  
 

(3) The two (2), one (1) inch wide samples shall be tested in the field in a tensiometer 
 that has a constant separation of 2.0 in/min for peel and shear.  The passing 
 destructive test requirements for a 40-mil liner seam is:  minimum peel adhesion of 
 44 ppi for hot wedge and 50 ppi for extrusion fillet seams, minimum shear strength of 
 60 ppi or hot wedge and extrusion fillet seams, and a maximum of 25% peel 
 separation of the seam.  If a specimen fails, the entire procedure shall be repeated. 
 

(4) If any of the second set of specimens fail, the seaming apparatus shall not be 
 accepted and shall not be used for seaming until the deficiencies are corrected and a 
 passing test seam is achieved. 
 

(5) After completion of these tests, the remaining portion of test seam can be discarded.  
 Documentation of the test seams will be maintained, listing seam identification 
 number, welder's name, temperature control setting, and test results. 
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(6)   Passing test results records shall be maintained. 
 

 (6) General Seaming Procedures 
 

(a) Seaming shall extend to the outside edge of panels to be anchored. 
 

(b) While welding a seam, monitor and maintain the proper overlap. 
 

(c) Inspect seam area to assure area is clean and free of moisture, dust, dirt, debris 
            of any kind. 
 

(d) While welding a seam, monitor temperature gauges to assure proper settings 
           are maintained and that the seaming apparatus is operating properly. 
 

(e) Align wrinkles at the seam overlap to allow welding through the wrinkle. 
 

(f) Fishmouths or wrinkles at seam and overlaps that cannot be welded through shall be cut 
along the ridge in order to achieve a flat overlap.  The cut fishmouth or wrinkle shall be 
seamed.  Any portion where the overlap is inadequate shall be patched with an oval or 
round patch of the same geomembrane extending a  minimum of six (6) inches beyond 
the cut in all directions. 

 

(g) All cross/butt seams between two (2) rows of seamed panels shall be welded          
during the coolest time of the day to allow for contraction of the geomembrane. 

 

(h) All "T" joints shall have the overlap from the wedge welder seam trimmed back to allow 
an extrusion fillet weld.  Then grind ¼ of an inch minimum on  either side of the wedge 
seam, then extrusion weld all of the area prepared by grinding. 

 

4.2.13 Closure Flexible Membrane Liner Tests  
 

The installation crews will non-destructively test all field seams over their full length using air 
pressure testing, vacuum testing or other approved methods, to verify the continuity and integrity 
of the seams. 
 

(a) Air Pressure Testing 
 

The welded seam created by double hot-wedge fusion welding process is composed of two 
distinct welded seams separated by an unwelded channel approximately 3/8 of an inch between 
the two welded seams permits the double hot-wedge fusion seams to be tested by inflating the 
sealed channel with air to a predetermined pressure, and observing the stability of the 
pressurized channel over time. 

 

(1) Equipment for Air Testing 
 

An air pump (manual or motor driven) capable of generating and sustaining a pressure 
between 25 to 30 psi. 
 

A rubber hose with fittings and connections. 
 

A sharp hollow needle, or other approved pressure feed device with a pressure gauge 
capable of reading and sustaining a pressure between 25 to 30 psi. 
 

(2) Procedure for Air Testing 
 

Seal both ends of the seam to be tested. 
 

Insert needle or other approved pressure feed device into the sealed channel created by the 
fusion weld. 
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Inflate the test channel to a pressure between 25 to 30 psi, in accordance with the following 
schedule, close valve, and observe initial pressure after approximately 2 minutes. 

 
INITIAL PRESSURE SCHEDULE * 

 
 Material (Mil)    Min. Psi Max. Psi 

 40 25 30 
 60 27 30 
 80 30 30 
  100 30 30 
 
* Initial pressure settings are read after a two minute "relaxing period".  The purpose of this 
"relaxing period" is to permit the air temperature and pressure to stabilize. 
 
Observe and record the air pressure five (5) minutes after "relaxing period" ends and when 
initial pressure setting is used.  If loss of pressure exceeds the following or if the pressure 
does not stabilize, locate faulty area and repair. 

 
MAXIMUM PERMISSIBLE PRESSURE DIFFERENTIAL 

AFTER 5 MINUTES - LLDPE 
 

 Material (Mil) Pressure Diff. 
 40 4 psi 
 60 3 psi 
 80 3 psi 
  100 3 psi 
 

At the conclusion of the pressure test the end of the seam opposite the pressure gauge is 
cut.  A decrease in gauge pressure must be observed or the air channel will be considered 
"blocked" and the test will have to be repeated after the blockage is corrected. 
 

Remove needle or other approved pressure feed device and seal resulting hole by extrusion 
welding. 
 

(3) In the event of a Non-Complying Air Pressure Test, the following procedure shall be 
followed: 

 

Check seam end seals and retest seams. 
 

If non-compliance with specified maximum pressure differential re-occurs, repair the 
seam.  Capping or removal/reseam of the non-complying seam are the only two (2) 
acceptable methods for repairing failed seams.  Non-destruct test the entire length of 
the repaired seam. 

 

(b) Vacuum Testing 
 

This test is used when the geometry of the weld makes air pressure testing impossible or 
impractical or when attempting to locate the precise location of a defect believed to exist after air 
pressure testing. The penetration will be tested using this method. 

 

(1) Equipment for Vacuum Testing 
 
Vacuum box assembly consisting of a rigid housing, a transparent viewing window, a soft 
neoprene gasket attached to the bottom, port hole or valve assembly, and a vacuum gauge. 
 
Vacuum pump assembly equipped with a pressure controller and pipe connection. 
 
A rubber pressure/vacuum hose with fittings and connections. 
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A bucket and means to apply a soapy solution. 
 

A soapy solution. 
 

(2) Procedure for Vacuum Testing 
 

Trim excess overlap from seam, if any. 
 

Turn on the vacuum pump to reduce the vacuum box to approximately 5 inch of mercury, i.e., 
5 psi gauge. 
 

Apply a generous amount of a solution of strong liquid detergent and water to the area to be 
tested. 
 

Place the vacuum box over the area to be tested and apply sufficient downward pressure to 
"seat" the seal strip against the liner. 
 

Close the bleed valve and open the vacuum valve. 
 

Apply a minimum of 5 in. Hg vacuum to the area as indicated by the gauge on the vacuum 
box. 
 

Ensure that a leak tight seal is created. 
 

For a period of not less than 30 seconds, examine the geomembrane through the viewing 
window for the presence of soap bubbles. 
 

If no bubbles appear after 30 seconds, close the vacuum valve and open the bleed valve, 
move the box over the next adjoining area with a minimum 3 in. overlap, and repeat the 
process. 
 

(3) Procedure for Non-Complying Test 
 

Mark all areas where soap bubbles appear and repair the marked areas. 
Retest repaired areas. 
 

(c) Destructive Testing 
 

(1) Concept 
 

The purpose of destructive testing is to determine and evaluate seam strength.  These tests 
require direct sampling and thus subsequent patching.  Therefore destructive testing should 
be held to a minimum to reduce the amount of repairs to the geomembrane. 
 

(2) Procedure for Destructive Testing 
 

All Destructive tests will be done according to GRI test method GM19.  Destructive test 
samples shall be marked and cut out randomly at a minimum average frequency of one test 
location every 500 feet of seam length. 
 

Additional destructive tests may be taken in areas of contamination, offset welds, visible 
crystallinity or other potential cause of faulty welds at the discretion of the Flexible Membrane 
Liner Superintendent and Engineer. 
 

Sample Size 
 

The sample should be twelve (12) inches wide with a seam fourteen (14) inches long 
centered lengthwise in the sample.  The sample may be increased in size to accommodate 
independent laboratory testing by the owner at the owner's request or by specific project 
specifications. 
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A one (1) inch sample shall be cut from each end of the test seam for field testing. 
 

The two (2), one (1) inch wide samples shall be tested in the field in a tensiometer that has a 
constant separation of 2.0 in/min. for peel and shear.  The passing destructive test 
requirements for a 40-mil LLDPE liner seam is:  minimum peel strength of 50 ppi for hot 
wedge and 44 ppi for extrusion fillet seams,  minimum shear strength of 60 ppi for hot wedge 
and extrusion fillet seams, and a maximum of 25% peel separation of the seam. 
 

(3) Procedure in the event of Destructive Test Failure 
 

Cut additional field samples for testing.  In the case of a field production seam, the samples 
must lie a minimum of ten (10) feet in each direction from the location of the failed sample.  
Perform a field test for peel strength.  If these field samples pass, then laboratory samples 
can be cut and forwarded to the laboratory for full testing. 
 

If the laboratory samples pass then repair the seam between the two (2) passing samples 
locations. 
 

Capping or removal/reseam of the non-complying seam are the only two (2) acceptable 
methods for repairing failed seams.   
 

All destructive seam samples sent to the Flexible Membrane Liner System's laboratory shall 
be numbered. 

 

(d) Quality Assurance Laboratory Testing 
 

(1) Destructive samples sent to the laboratory will be tested for shear/peel strength, 
 elongation, and peel separation according to table 1(a) of GRI Test Method GM19. 
 Five (5) specimens shall be tested for each test method with data recorded.  Four (4) 
 out of the five (5) specimens must pass and the fifth specimen must be 80% of the 
 passing test values.  The passing test values are as follows: 

 

Hot Wedge Seams 
   Shear Strength-60 ppi 
   Shear elongation at break – 50% 
   Peel Strength- 50 ppi 
   Peel separation-25% 
Extrusion Fillet Seams 
   Shear Strength-60 ppi 
   Shear Elongation at break-50% 
   Peel Strength- 44 ppi 
   Peel separation-25% 

 

(2) Defects and Repairs 
 

(a) The Flexible Membrane Liner Superintendent shall conduct a detailed walk through 
and visually check all seams and non-seam areas of the geomembrane for defects, 
holes, blisters and signs of damage during installation. 

 

(b) All other installation personnel shall, at all times, be on the lookout for any damaged 
areas.  Damaged areas shall be marked and repaired. 

 

(c) Repair Procedures 
 

Any portion of the geomembrane showing a flaw or failing a destructive or 
non-destructive test shall be repaired.  Several procedures exist for repair and the 
decision as to the appropriate repair procedure shall be made by the Flexible 
Membrane Liner Superintendent.  Repairs need to be made in a timely manner to 
protect the moist cohesive soil liner and flexible membrane liner. If inclement weather 



P:\solid waste\G06096 Wayne Co. PTC Ph. 3\documents\G06096-PTC ph.3.doc       lch     4/23/2010    rev. 12/15/2010   Rev.   2/1/2011   Rev. 3/17/11 279

is approaching, steps need to be made to protect the cohesive soil cap such as a 
temporary cover.  If  cohesive soil cap is damaged, it must be reworked.  Procedures 
available for liner repair: 

 
Patching - used to repair large holes, tears and destructive sample locations.  All 
patches shall extend at least six (6) inches beyond the edges of the defect and all 
corners of patches shall be rounded. 

 
Grinding and welding - used to repair sections of extruded seams.  

 
Spot welding or seaming - used to repair small tears, pinholes or other minor 
localized flaws. 

 
Capping - used to repair lengths of failed seams. 

 
Removal of a bad seam and replacement with a strip of new material seamed into 
place. 

 
(d) Verification of Repairs 
 

Every repair shall be non-destructively tested. Repairs which pass the 
non-destructive test shall be deemed adequate. Large repairs may require a 
destructive test. Repair test results shall be logged.  The repair location shall be 
recorded on an as-built drawing. 

 
 e) Liner Acceptance 
   

  The constructed liner will be accepted when all non-destruct and destruct tests have 
  passed their respective tests and the results have been verified by the Engineer. 
 
4.2.14 Closure Protective Cover   
 

(1) HPDE Geocomposite Drainage Netting manufactured by SKAPS Industries, or approved equal. 
Q/C testing information/certification for each property on geocomposite will be provided by the 
contractor/manufacture for the rolls delivered.  The thickness, transmissivity and ply adhesion will be 
tested by the Engineer’s third party laboratory for quality assurance.  One roll from every 200,000 ft.

2
 

of material delivered to the site will be tested.   
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The geocompsite will be handled in such a manner as to ensure the geocomposite are not damaged 
in any way.  On slopes, the geocomposite will be secured in the anchor trench and then rolled down 
the slope in such a manner as to continually keep the geocomposite sheet in tension.  If necessary, 
the geocomposite will be positioned by hand after being unrolled to minimize wrinkles.  Geocomposite 
can be placed in the horizontal direction (i.e., across the slope) in some special locations (e.g., where 
extra layers are required or where slope is less than 10:1).  

 
Geocomposite will not be welded to the geomembrane.  Geocomposite will be cut using approved 
cutters,(i.e., hook blade, scissors, etc.)  Care should be taken to prevent damage to underlying layers.  
Care must be taken not to entrap dirt in the geocomposite that could cause clogging of the drainage 
system, and or stones that could damage the adjacent geomembrane. 
 
Adjacent rolls of geocomposite will be overlapped by at least four inches and securely tied.  Tying can 
be achieved by plastic fasteners.  Tying devices will be white or yellow for easy inspection.  Metallic 
devices are not allowed.  Tying will be five to ten feet along the bottom of the slope. Tying will be 
every five feet along the slope, every two feet across the slope and at the top of the berm.  Tying in 
the anchor trench will be done in one foot intervals.  In the corners of the side slopes where overlaps 
between perpendicular geocomposite strips are required, an extra layer of geocomposite will be 
unrolled along the slope, on top of the previously installed geocomposite, from the top to bottom of 
the slope. 
Any holes or tears in the geocomposite will be repaired by placing a patch,  utilizing the same 
geocomposite material, extending two feet beyond edges of the hole or tear.  The patch will be 
secured to the original geocomposite by tying every twelve inches.  If the hole or tear width across the 
roll is more than 50% the width of the roll, the damaged area will be cut out and the two portions of 
the geocomposite will be joined.   
 
The engineer will visually inspect the drainage layer before placement of the erosive layer, if any 
defects are detected they will be repaired before placement of erosive layer. 
 

(2)  Erosive Layer 
 
The soil for the erosive layers shall consist of suitable site soil free of debris, roots, rocks and 
organics.  The soil shall contain no particles or objects greater than 3/4 inch in largest dimension, 
which has been screened. No permeability, grain size, or other tests are required for this material.   
 

Installation of the protective cover shall be the responsibility of the contractor.  Before proceeding with 
placement of the protective cover over the liner, the Contractor shall furnish to the Engineer with the 
manufacturer's certification that the lining has been satisfactorily installed in accordance with the 
manufacturer's recommendations. 
 

The erosive layer shall be composed of 24” of select backfill. The cover shall be installed using low 
ground pressure equipment such as a Caterpillar D6H LGP, or approved equal, with ground pressure 
not exceeding 4.71 psi until the depth of cover exceeds three feet. 
 

The depth of the erosive layer will be verified based on the 50 ft. grid and the difference in elevation 
from the top of the cohesive soil to the top of the erosive layer. 
 

(a) A minimum of twelve inches (12") of cover between low ground pressure 
 equipment and the liner is required at all times.  Roadways for entering and for  
 transporting material over slopes and capped/lined areas shall have a minimum  
 depth of four feet (4'). 

 
 (b) Avoid undue stress on the liner at all times.  Cover material must be pushed up 

      slopes, never down to help minimize wrinkles. Material must be placed to    
     minimize wrinkles, wrinkles in excess of two feet in height are unacceptable.  If  
      a wrinkle is more than two feet in height, soil will be placed on top of the   
  wrinkle  to decrease the height. Fold over of the liner will not be allowed. A  



P:\solid waste\G06096 Wayne Co. PTC Ph. 3\documents\G06096-PTC ph.3.doc       lch     4/23/2010    rev. 12/15/2010   Rev.   2/1/2011   Rev. 3/17/11 282

  worker  must walk along side earth moving equipment and remove all rocks,  
  stones,  roots or other debris that could cause damage to the liner.  Equipment  
  operators must avoid sharp turns or quick stops that could pinch and tear  
  the liner.  
 

(c)  If damage does occur, report it to the Project Manager immediately so that 
 repairs can be performed without needless delay. All repairs to any component of 
 the liner system will be done and tested according to the required repairs and testing 
 for that component   
 

(d) Do not work wet cover material that cannot support equipment. 
  
 (e)   Equipment operators and all other personnel must be qualified and must  

        exercise good judgment and common sense at all times. 
 

(3)  Vegetative Layer 
 

Native vegetation will be used as approved by the Erosion Control Plan. 
 

4.2.15 Closure Methane Venting System  
 
NC.D.O.T. No.5 stone, Geotextile fabric, and 8" and 10” plastic pipes will be used in the 
construction of the gas venting system.  
 
(1)  Stone in Trenches and Surrounding Perforated Collection Piping 
 
Stone for methane collection system shall meet the requirements of NC DOT aggregate, standard 
size No. 5 and shall contain no fines.  Stone must pass the sieve analysis test for No. 5 stone 
performed at the quarry.  
 
(2) Geotextile Fabric 
 
Geotextile fabric surrounding the stone/piping shall be non-woven needle punched fabric with the 
following minimum properties: 
 

  1) Weight     8.0 oz/yd
2

 ASTM D-3776 
  2) Grab Strength    205 lbs.  ASTM D-4632  
  3) Grab Elongation   50%               ASTM D-4632   
  4) Trapezoidal Tear Strength   85 lbs.  ASTM D-4533 
  5) Puncture Strength   100 lbs.  ASTM D-4833 
  6) Mullen Burst Strength   320 psi  ASTM D-3786 
  7) Permittivity    1.4 sec

-1
 ASTM D-4491 

   
Geotextile fabric shall be manufactured by Polyfelt , TNS Advanced Technologies, 
 or approved equal. 
 
(3)  Plastic Pipe 
 
Plastic gravity sewer pipe and fittings used for methane vent shall be unplasticized polyvinyl 
chloride (PVC) and conform to the requirements of ASTM Designation D-3034 on ASTM F679, 
Type PSM, Class 12454-B, SDR-35 with elastomeric gasket joints. PVC pipe and fittings shall be 
as manufactured by J-M Pipe, Certainteed, H&W Industries or equal. The methane riser pipe 
shall be a 10 inch solid wall PVC pipe. 
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4.3 Documentation  
 

At the completion of the contract, it is the Engineer's responsibility to provide to the Owner and 
eventually to the Division of Waste Management the following: 
 

 1.   All parties involved in the landfill construction including name and contact information and    
 responsibilities’. 
2. As-built drawings of the subgrade, liner system, leachate collection, gas vents, etc. 

provided by NC Professional Land Surveyor. 
3. Documentation of all subbase standard Proctor tests.   
4. Documentation of all cohesive soil liner tests including test pads, permeability, standard 

Proctor and Atterberg limits.  
5. Documentation of all destructive and non-destructive tests, methods and results and 

repairs. 
  6.  Geomembrane panel layout with test locations and repairs illustrated. 
  7.  Documentation of all hydrostatic testing of non-perforated leachate  collection pipe. 
  8. Completed and signed meeting minutes including pre-construction, progress and any 
 trouble shooting. 
  9. Summary of all construction activities from the Engineer. 
 10. Provide color photographs of major construction features. 
 11. Any other pertinent documentation. 

 

The CQA report shall be sealed by the Engineer and a certification that construction was completed 
an accordance with the CQA plan, Conditions of the permit to construct, The requirements of rule 
.1624 Construction Requirements for MSWLF Facilities, and acceptable engineering practices. 

 

Shop Drawings 
 

Contractor is required to submit to the Engineer a descriptive detail and any shop and setting 
drawings. On composite liner system, such submission shall include the following: 
 

(1) Flexible Membrane Liner Panel Layout Drawings, 
(2) Flexible Membrane Liner Penetration Details, 
(3) Flexible Membrane Liner Anchoring Detail, 
(4) Flexible Membrane Liner Seaming Detail, 
(5) Single Flexible Membrane Liner Anchoring to Structure Detail, 
(6) Flexible Membrane Liner Extension Detail, and 
(7)  Certified experience records for manufacturer, fabricator and installer, listing  

 installations of Flexible Membrane Liners. 
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SECTION 5.0 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

OPERATION 
PLAN 
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5.1 Introduction 
 

The County Landfill will only accept Municipal Solid Wastes (MSW) from the County.  The County will construct 
a 21 acre Municipal Solid Waste Landfill (Phase 3) according to Subtitle D requirements. The facility will be 
constructed with 24 inches of cohesive soil (permeability of 1.0 x 10

-7
  cm/sec), or 18 inches of cohesive soil 

(permeability of 1.0 x 10
-5

  cm/sec) with reinforced geosynthetic clay liner (GCL),  60 mil High Density 
Polyethylene liner (HDPE), 36 inches of protective cover over the liner and a leachate collection system which 
flows to the existing leachate lagoon. 
 
The perimeter of the lined area will be marked off by 2 inch PVC pipe at 100’ intervals that will be placed in the 
anchor trenches.  Solid waste will not be placed within four (4) feet of this boundary to assure that it is being 
placed directly above the liner system so that no leachate can flow outside of this area.   
 

All stormwater that comes in contact with solid waste will be handled as leachate.  The leachate is collected in 
the sump area, where it is pumped by force main to the lagoon. 
 

Storm water that has not come in contact with waste can be removed from the landfill by pumping thru a sump 
pump over the berm prior to waste being placed in the sump basin. A mobile pump can also be used to pump 
storm water over the berm. 
 
Leachate will be pumped and treated at the Goldsboro Wastewater Treatment Plant.  The leachate will have to 
be tested according to the pretreatment conditions outlined in the pre-treatment agreement.   
 
Leachate will be treated at the Goldsboro Wastewater Treatment Plant.  The leachate will have to be tested 
according to the pretreatment conditions outlined in the pre-treatment agreement.  The leachate will be pumped 
by Forcemain to the Treatment Plant. 
 

The leachate lagoon will be inspected on a monthly basis and a report generated and placed in the landfill 
records.  The report will include the date the liner was inspected, the inspector, general observations since the 
last inspection, visible abrasions, possible stress cracks, or obvious punctures.  Stress cracks can occur in 
wrinkles that are generated from heat expansion or contraction due to freezing.  Also, the HDPE liner may 
deteriorate due to ultra violet light and this can appear as an abrasion where material can be scraped away with 
a hard object.  If any damage or possible weak spots due to ultra violet exposure has been detected, a qualified 
HDPE installation company shall be notified immediately so that a repair patch can be installed.  The leachate 
level shall not be allowed to exceed the depth of the damaged liner until it has been repaired and tested by the 
liner installation company.  Once this has been accomplished all testing documentation shall be placed in the 
operating records. 
 

The County will implement a program at the landfill for detecting and preventing the disposal of hazardous and 
liquid wastes.  The program consists of random inspection of incoming loads at a minimum of 1% of the weekly 
traffic.  Landfill personnel will be trained to recognize hazardous and liquid wastes.  Records will be kept on the 
training and the inspections. (See Section 5.3-Appendix I). 
 

The County will monitor for explosive gases at landfill structures and the perimeter of the landfill. There are 
ten(10) existing methane monitoring probes. Four(4) additional methane monitoring probes will be installed. The 
concentration of methane gases generated by the landfill cannot exceed 25 percent of the lower explosive limit 
for methane in the structures, and it cannot exceed 100 percent of the lower explosive limit for methane of the 
landfill property boundary. (See Section 5.4-Appendix II) If methane gas is found to exceed the acceptable limits 
at either the property boundary or landfill structures, it is the County’s responsibility to do the following: 
 

1. Immediately take all necessary steps to ensure protection of human health, i.e. no smoking, temporarily 
abandon the structure and notify the Division of Waste Management. 

 
2. Within seven days of detection, place in the operating record the methane gas levels detected and a 

description of the steps taken to protect human health; and 
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3. Within 60 days of detection, implement a remediation plan for the methane gas releases, place a copy 
of the plan in the operating record, and notify the Division of Waste management that the plan has been 
implemented. The plan will describe the nature and extent of the problem and the proposed remedy. 

 
Off and on site erosion will be controlled through erosion control structures and devices.  Provisions for a 
vegetative ground cover sufficient to restrain erosion will be accomplished within 15 working days or 90 
calendar days upon completion of any phase of landfill development. 
 
The County will record and retain at the landfill an operating record of the following information: 
 
 (1) Inspection records, waste determination records, and training procedures; 
 (2) Amounts by weight of solid waste received at the landfill; 
 (3) Waste determination, Leachate sampling data, leachate levels, meteorological data ; 

(4) Gas monitoring results and any remediation plans; 
 (5) Any demonstration, certification, findings, monitoring, testing or analytical data   
  required for surface and groundwater monitoring; 
 (6) Any monitoring, testing or analytical data required for closure or post-closure;  
 (7) Any cost estimates and financial assurance documentation. 
 
All information contained in the operating record will be furnished upon request to the Division of Waste 
Management or be made available at all reasonable times for inspection by the Division. 
 
Ground and surface water will be sampled and analyzed according to Subtitle D Appendix I detection 
monitoring requirements.  The monitoring frequency for all Subtitle D Appendix I detection monitoring 
constituents will be at least semi-annually during the life of the facility (including closure) and the post-closure 
period.  A minimum of four independent samples from each well (background and downgradient) will be 
collected and analyzed for the Subtitle D Appendix I constituents during the first semi-annual sampling event.  
At least one sample from each well (background and downgradient) will be collected and analyzed during 
subsequent semiannual sampling events. 
 
If  the County determines that there is a statistically significant increase over background for one or more of the 
constituents listed in Subtitle D Appendix I at any monitoring well at the relevant point of compliance, the County 
will, within 14 days of the finding, report to the Division of  Waste Management and place a notice in the 
operating record indicating which constituents have shown statistically significant changes from background 
levels.  The County will establish an assessment monitoring program within 90 days.  The County may 
demonstrate that a source other than the landfill caused the contamination or that the statistically significant 
increase resulted from an error in sampling, analysis, statistical evaluation, or natural variation in ground-water 
quality.  A report documenting these demonstrations will be certified by a Licensed Geologist or Professional 
Engineer and approved by the Division.  A copy of this report will be placed in the operating record.  If a 
successful demonstration is made, documented, and approved by the Division, the County may continue 
detection monitoring.  If after 90 days, a successful demonstration is not made, the County will initiate an 
assessment monitoring program. 
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5.2 Operational Requirements 
 

1. Waste Acceptance and Disposal Requirements 
 

a. The Municipal Solid Waste Landfill (MSWLF) will only accept those solid wastes which it is 
permitted to receive.  The County will notify the Division within 24 hours of attempted disposal 
of any waste the landfill is not permitted to receive.  Signs are placed at the entrance to the 
Landfill stating that Hazardous and Liquid wastes are not accepted and that random waste 
screening is performed. 

 

b. The following wastes are prohibited from disposal at the MSWLF: 
 

i. Hazardous waste as defined within 15A NCAC 13A, to also include hazardous waste 
from conditionally exempt small quantity generators. 

 

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

 iii. Bulk or non-containerized liquid waste will not be placed in the landfill unless: 
 

 (i) The waste is household waste other than septic waste and waste oil,  
 (ii) The waste is leachate or gas condensate derived from the landfill. 
 

 iv.  White Goods, Yard Waste, Tires. 
 

v. Containers holding liquid wastes will not be placed in the landfill  unless: 
 

(i) The container is a small container similar in size to that normally 
found in household waste; 

(ii) The container is designed to hold liquids for use other than storage; 
or 

(iii) The waste is household waste. 
 

 vi. For the purpose of this paragraph: 
 

(i) Liquid waste means any waste material that is determined to contain 
      "free liquids" as defined by Method 9095 (Paint Filter Liquids Test),  

S. W. 846. 
 

c. Spoiled foods, animal carcasses, abattoir waste, hatchery waste, and other animal waste 
delivered to the disposal site will be covered immediately. 

 

d. The following are items that are banned in the future from the landfill: 
 

 i.  Beverage containers that are required to be recycled under G.S. 18B-1006.1 
 (Effective January 1, 2008). 

 

 ii. Recyclable rigid plastic containers that are required to be labeled  as provided 
 BELOW that have a neck smaller than the body of the container and that accept a 
 screw top, snap cap, or other closure.  The prohibition on disposal of recyclable rigid 
 plastic  containers in landfills does not apply to rigid plastic containers that are 
 intended for use in the sale or distribution or motor oil. (Effective October 1, 2009) 

 

  (a) For polyethylene terephthalate, the letters “PETE” and the number 1. 
  (b) For high density polyethylene, the letters “HDPE” and the number 2. 
  (c) For vinyl, the letter “V” and the number 3. 
  (d) For low density polyethylene, the letters “LDPE” and the number 4. 
  (e) For polypropylene, the letters “PP” and the number 6. 
  (f) For polystyrene, the letters “PS” and the number 7. 
  (g) For any other, the letters “OTHER” and the number 7. 
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 iii. Motor vehicle oil filters (effective October 1, 2009). 
 
 iv. Wooden pallets, except that wooden pallets maybe disposed of in a landfill that is 

 permitted to only accept construction and demolition debris (effective October 1, 
 2009). 

 
 v. Discarded computer equipment (effective April 1, 2011).  
 
e. Asbestos waste will be accepted and managed in accordance with 40 CFR 61.  The 
 waste will be covered immediately with soil in a manner that will not cause airborne 
 conditions and must be disposed of separate and apart from other solid wastes: 

 
 i. At the bottom of the working face or; 
 ii.  In an area not contiguous with other disposal areas. Separate areas will be 

 clearly designated so that asbestos is not exposed by future land disturbing 
 activities. 

 

f. Wastewater treatment sludges may be accepted either as a soil conditioner incorporated into or 
applied onto vegetative growth layer but in no case greater than six inches in depth. Or 
wastewater treatment sludges may be co-disposed in the lined area. 

 

g. The County will continue a program at the Landfill for detecting and preventing the disposal of 
hazardous and liquid wastes.  (Section 5.3-Appendix I)  This program will include, at a 
minimum: 

 

i. Random inspections of incoming loads or other comparable procedures; 
ii. Records of any inspections; 
iii. Training of facility personnel to recognize hazardous and liquid wastes. 
iv. If hazardous wastes are identified by facility personnel, Emergency Management or 

personnel trained, shall be notified to identify the waste and address removal, storage 
and final deposition of the waste. 

 

h. Waste placement will be  within the areal limits of  the  base liner system and in a manner 
consistent with the effective permit. 

 

2. Cover material requirements. 
 

a. Except as in Part (b),  The County must cover disposed solid waste with six 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. 

 

b. Alternative materials such as synthetic cover may be used as daily cover on the working face  
until it is necessary to cover with earthen material.  The alternative material must be approved 
by the Division and  applied according to manufacturers recommendations.  At a minimum soil 
cover will be used once a week.  

 

c. Areas which will not have additional wastes placed on them for 12 months or more, but where 
final termination of disposal operations has not occurred, will be covered with a minimum of one 
foot of intermediate cover. 
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3. Disease vector control 
 

a.  The County will prevent or control on-site populations of disease vectors using techniques 
appropriate for protection of human health and the environment.  At the end of every day, 
waste will be covered either by synthetic cover or 6” of soil cover.  At a minimum soil will be 
used once a week.  Any waste that requires immediate cover, will be covered immediately with 
soil. 

 
b. "Disease vectors" means any rodents, flies, mosquitoes, or other animals, including insects, 

capable of transmitting disease to humans. 
 
4. Explosive gases control 
 

a.  The County must ensure that: 
 
i. The concentration of methane gas generated by the landfill does not exceed 25 percent 

of the lower explosive limit for methane in landfill structures (excluding gas control or 
recovery system components); and 

ii. The concentration of methane gas does not exceed 100 percent of the lower explosive 
limit for methane at the landfill property boundary. 

 
b.  The County will implement a routine methane monitoring program to ensure that the standards 

of 4 (a) are met. (Section 5.4-Appendix II) 
 

i. The type and frequency of monitoring must be determined based on the following 
factors: 
(i) Soil conditions; 
(ii) The hydrogeologic conditions surrounding the facility; 
(iii) The hydraulic conditions surrounding the facility; 
(iv) The location of facility structures and property boundaries. 
 

ii. The minimum frequency of monitoring will be quarterly. 
 

c. If methane gas levels exceeding the limits specified in 4 (a) are detected, the owner or operator 
will: 

 

i. Immediately take all necessary steps to ensure protection of human health, i.e. no 
smoking, temporarily abandon the structure and notify the Division. 

ii. Within seven days of detection, place in the operating record the methane gas levels 
detected and a description of the steps taken to protect human health; and 

iii. Within 60 days of detection, implement a remediation plan for the methane gas 
releases, place a copy of the plan in the operating record, and notify the Division of 
Waste Management that the plan has been implemented.  The plan will describe the 
nature and extent of the problem and the proposed remedy. 

 
d. "Lower explosive limit" means the lowest percent by volume of a mixture of explosive gases in 

air that will propagate a flame at 25° C and atmospheric pressure. 
 
5. Air Criteria 
 

a.  The County will ensure that the landfill does not violate any applicable requirements developed 
under a State Implementation Plan (SIP) approved or promulgated by the US. EPA 
Administrator pursuant to Section 110 of the Clean Air Act, as amended. 
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b. Open burning of solid waste, except for the infrequent burning of land clearing debris generated 
on site or debris from emergency clean-up operations, is prohibited.  Any such infrequent 
burning will be approved by the Division of Waste Management, Division of Air Quality and the 
local Fire Marshall. 

 
c. Earth moving equipment will be provided to control accidental fires and leachate tank trucks 

used for water or leachate that would be recirculated can also be used.  Arrangements have 
been made with the local fire department to provide actual fire protection.  This Fire department 
has access at all times to the landfill to provide fire fighting services when needed.  Landfill 
personnel can use soil to isolate the fire so it will not spread any further but actual fighting of 
the fire should be the responsibility of the trained fire department. 

 
d. Fires that occur at the landfill will be reported to the Division of Waste Management within 24 

hours and written notification will be submitted within 15 days. 
 
6. Access and safety requirements 
 

a. The landfill will be adequately secured by means of gates, chains, beams, fences and other 
security measures approved by the Division of Waste Management to prevent unauthorized 
entry. 

 
b. An attendant will be on duty at the site at all times while it is open for public use to ensure 

compliance with operational requirements. 
 
c. The access road to the site will be of all-weather construction and maintained in good condition. 
 
d. Dust control measures will be implemented when necessary.  If dust problems should arise, the 

County  will use any reasonable means necessary to reduce it.  At a minimum the County  will 
spray water on necessary areas. 

 
e. Signs providing information on tipping or disposal procedures, the hours during which the site is 

open for pubic use, the permit number and other pertinent information will be posted at the site 
entrance. 

 
f. Signs will be posted stating that no hazardous or liquid waste can be received. 
 
g. Traffic signs or markers will be provided as necessary to promote an orderly traffic 

  pattern to and from the discharge area and to maintain efficient operating conditions. 
 
h. The removal of solid waste from the landfill will be prohibited unless the County  approves and 

the removal is not performed on the working face. 
 
i. Barrels and drums will not be disposed of unless they are empty and perforated sufficiently to 

ensure that no liquid or hazardous waste is contained therein, except fiber drums containing 
asbestos. 

 
7. Erosion and Sedimentation Control Requirements 
 

a. Adequate sediment control measures (structures or devices), will be utilized to prevent silt from 
leaving the landfill. 

 
b. Adequate sediment control measures (structures or devices), will be utilized to prevent 

excessive on-site erosion. 
 

c. Provisions for a vegetative ground cover sufficient to restrain erosion will be accomplished within 15 
 working days or 90 calendar days upon completion of any phase of landfill development. 
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8. Drainage Control and Water Protection Requirements 
 

a. Surface water will be diverted from the operational area and will not be impounded over waste.. 
 
b. Solid waste will not be disposed of in water. 
 
c. Leachate will be contained on site and properly treated prior to discharge. 
 
d. The landfill will not: 
 

(i) Cause a discharge of pollutants into waters of the United States, including wetlands, 
that violates any requirements of the Clean Water Act, including, but not limited to, the 
National Pollutant Discharge Elimination System (NPDES) requirements pursuant to 
Section 402.   

 
(ii) Cause the discharge of a nonpoint source of pollution to waters of the United 

States, including wetlands, that violates any requirements of an area-wide or state-wide 
water quality management plan that has been approved under Section 208 or 319 of 
the Clean Water Act, as amended. 
 

9. Liquids Restriction 
 

a. Bulk or non-containerized liquid waste will not be placed in the landfill unless: 
 

(i) The waste is household waste other than septic waste and waste oil,  
 
(ii) The waste is leachate or gas condensate derived from the landfill. 
 

b. Containers holding liquid wastes will not be placed in the landfill unless: 
 

(i) The container is a small container similar in size to that normally found in household 
waste; 

 
(ii) The container is designed to hold liquids for use other than storage; or 
 
(iii) The waste is household waste. 
 

c. For the purpose of this paragraph: 
 

(i) Liquid waste means any waste material that is determined to contain "free liquids" as 
defined by Method 9095 (Paint Filter Liquids Test), S. W. 846. 

  
d.   Test for free liquids: 

 
Sludges or other wastes may be tested for free liquids after previous screening tests have 
shown that the waste is not hazardous and does not contain PCB’s. The specified test to 
determine whether or not a material is considered to be a liquid is the Paint Filter Test method 
9095.  The procedure for conducting this test is as follows: 

 
  (i) Obtain standard 400- micron paint filter; 
   

(ii) Place a properly-sized, clean, dry funnel in a ring stand or similar   
 device; 

   
  (iii) Fold the filter and line the funnel with it; 
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  (iv) Place a 100 ml sample of waste into the funnel; 
   
  (v) Place a clean, dry container under the funnel; and, 
   
  (vi) Check in exactly 5 minutes to see if any liquid is in the container. 

 
(vii) If any liquid passes through the filter in 5 minutes or less, the waste is   
 considered to be a liquid.  The filtrate can be water, oil or any combination of any  non-
hazardous liquids. 

 
10. Record keeping Requirements 
 

a.  The County's MSWLF will record and retain at the facility, or an alternative location near the 
facility approved by the Division of Waste Management, in an operating record the following 
information as it becomes available. 

 
(i) Inspection records, waste determination records, and training procedures; 
 
(ii) Amounts by weight of solid waste received at the landfill to include source of 

generation. 
(iii) Waste determination, Leachate sampling data, leachate levels, meteorological data ; 
 
(iv) Gas monitoring results and any remediation plans; 
 
(v) Any demonstration, certification, findings, monitoring, testing or analytical data required 

for surface and groundwater monitoring; 
 
(vi) Any monitoring, testing or analytical data required for closure or post-closure; and, 
 
(vii) Any cost estimates and financial assurance documentation. 
 

b. All information contained in the operating record will be furnished upon request to the Division 
of Waste Management or be made available at all reasonable times for inspection by the 
Division. 

 
c.  The County  will maintain a copy of the operation plan at the landfill. 
 

11. Spreading and Compacting Requirements 
 

a. The initial lift of solid waste will be placed over cell 1 that is bounded by the leachate collection 
ditch.  This lift will be covered with six (6) inches of daily cover.  This lift will absorb the rain 
water and allow some of it to evaporate prior to reaching the leachate collection system.  When 
a heavy rain does occur, the impact on the leachate collection system will not be immediate.  
Prior to placement of solid waste over any leachate pipe, the geotextile fabric that is covering 
the stone will be folded back so that solid waste will be in direct contact with the stone.  This 
method will not allow biological growth to develop on the geotextile which could eventually clog 
the system. 

 
b. The initial lift of solid waste will be placed loosely at a depth of 4 feet.  As this lift is being 

placed, a spotter should be placed in the landfill to assure that the compactor does not drive 
any long, sharp objects through the protective cover into the liner system.  If an object were to 
penetrate the liner system, the protective cover must be removed and the penetration repaired.  
The subsequent lifts can be placed up to final grades.  Heavy landfill equipment including 
articulating dump trucks, and compactor will only be allowed on areas that have a minimum of 
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4’ of solid waste.  Only low pressure equipment such as a D6 LGP Caterpillar will be allowed on 
the protective cover.   

c. The landfill will restrict solid waste into the smallest area feasible, typically 60’ x 75’ area. 
 
d. Solid waste will be compacted as densely as practical into cells. The compactor should run over 

an area of solid waste a minimum of 6 times. 
 
e. Appropriate methods such as fencing and diking will be provided within the area to confine solid 

waste subject to be blown by the wind.  At the conclusion of each day of operation, all 
windblown material resulting from the operation will be collected and returned to the area.  

 
12. Leachate Management Plan 
  

a.  The County will record the flows weekly from the sump pumps to the lagoon and the volume 
pumped from the lagoon to the Waste Water Treatment Plant. Monthly visually inspect the 
lagoon liner for damage. 

 

b. The County will maintain records for the amount of leachate pumped to the lagoon from the 
sumps and the amount pumped to the Waste Water Treatment Plant.  Records of the visual 
inspections and any repairs made will also become part of the operating record. 

 

c. The County will quality sample their leachate bi-annually for Subtitle D Appendix I constituents, 
pH, BOD, COD, TDS, phosphate, nitrate, and sulfate.  The sample will be obtained from the 
lagoon and sampled the same time as the monitoring wells. The results will be part of the 
operating record and submitted with the semiannual groundwater sampling events. 

 

d. The leachate is being treated by Goldsboro Wastewater Treatment Plant. 
 

e. Under extreme operational conditions, the County has the option of shutting down the flow of 
leachate to the lagoon by shutting off the pump.  The leachate will be temporarily stored within 
the MSWLF units until such a time the flow of leachate can continue to the lagoon. If any rain or 
other event requires storage of leachate or storm water in the cell, the Division of Waste 
Management will be notified immediately followed by written communication. 

 
f. Leachate will not recirculated.  
 

g. The video camera accessible leachate lines shall be videoed at the completion of the 
construction to assure that no sediment or other material has accumulated in the lines or the 
pump riser during construction.  Thereafter annually, the same lines will be videoed by the 
County to assure that no blockages have occurred.  If a blockage is encountered, the line will 
be pressured washed until the blockage is removed and re-videoed.  The sediment or other 
material that has been washed to the sump shall be vacuumed from the sump utilizing a 
vacuum truck.  The lines will be videoed annually and cleaned if necessary until the waste in 
the landfill has reached the height of the surrounding exterior berms.  Once the waste has 
reached the berm height, the videoing and necessary cleaning shall be done every three years. 

 
  Records of all videoing and pressurized washing shall become part of the operating record. 
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5.3 Appendix I 
 
A. INTRODUCTION 
 
 The municipal solid waste stream is made up of wastes from all sectors of society.  The waste is often 

categorized by its source or its characteristics.  Terms used include commercial, industrial, residential, 
biomedical, hazardous, household, solid, liquid, demolition/construction, sludge, etc.  Regardless of 
how one classifies wastes, the bottom line is that wastes are delivered to the landfill and a management 
decision must be made to either reject or accept them.  This responsibility rests with the manager of the 
landfill.  Wastes which are not authorized to be accepted at the landfill create a number of potential 
problems including: (1) liability due to future releases of contaminants; (2) bad publicity if media learns 
of unacceptable waste entering the landfill; (3) potential for worker injury; (4) exposure to civil or 
criminal penalties; (5) damage to landfill environmental control systems. 

 
B. HAZARDOUS WASTE REGULATIONS AND MANAGEMENT 
 
 In the United States, hazardous waste is regulated under RCRA, Subtitle C. A waste is hazardous if it is 

listed as a hazardous waste by the Administrator of the Environmental Protection Agency (EPA) in the 
Code of Federal Regulations, Title 40, Part 261, or if it meets one or more of the hazardous waste 
criteria as defined by EPA.  These criteria are: 

 
  • Ignitability 
  • Corrosivity 
  • Reactivity 
  • Toxicity 
 
 1. Ignitability 
 
 Ignitable waste is a waste that burns readily, causes a fire by friction under normal circumstances, or is 

an oxidizer.  Any waste having a flash point of <140F falls in this category.  Flash point is that 
temperature at which a liquid gives off vapors that will ignite when an open flame is applied.  Under 
Department of Transportation (DOT) definitions, a flammable liquid has a flash point of >100 F.  A 
combustible liquid has a flash point between 100 and 200 F.  Therefore, a flammable liquid is always 
hazardous while a combustible liquid may or may not be hazardous depending upon its flash point. 

 
 2. Corrosivity 
 
 A corrosive waste is one having a very high or a very low pH.  The pH of a liquid is a measure of how 

acidic or basic (alkaline) the material is.  The pH scale ranges from 0 to 14.  High numbers are basic 
and low numbers are acidic.  A substance having a pH <2.0 or >12.5 is defined as hazardous under 
RCRA. 

 
 3. Reactivity 
 
 A waste is reactive if it is normally unstable: reacts violently with water; forms an explosive mixture with 

water; contains quantities of cyanide or sulfur that could be released to the air; or can easily be 
detonated or exploded.  These wastes may fall into any one of several DOT categories. 

 
 4. Toxicity Characteristic Leaching Procedure (TCLP) 
 
 A waste is TCLP toxic if the concentration of any constituent in Table 1 exceeds the standard assigned 

to that substance.  The TCLP is a methodology, which attempts to simulate the conditions within a 
landfill.  An acidic solution is passed through a sample of waste and the resultant "leachate" is analyzed 
for contaminants.  The TCLP is designed to detect heavy metals, pesticides and a few other organic 
and inorganic compounds.  The purpose of the test is to prevent groundwater contamination by highly 
toxic materials.  TCLP tests the mobility of 40 different elements and compounds. 
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 Except in certain specified circumstances, regulated quantities of hazardous waste must be disposed of 

at a permitted hazardous waste disposal facility.  In accordance with 40 CFR Part 261.3, any material 
contaminated by a hazardous waste is also deemed to be a hazardous waste and must be 
managed as such.  Hazardous waste, from conditionally exempt small quantity generators, are to be 
disposed of in a Hazardous waste disposal facility. RCRA permits are also required to store, transport, 
and treat hazardous waste. 

 
C. POLYCHLORINATED BIPHENYL'S (PCBs) 
 
 1. Introduction 
 

PCBs are nonflammable and conduct heat without conducting electricity. These compounds were most 
frequently used as an additive to oil or other liquids in situations where heat was involved.  The PCBs 
enhance the heat conducting properties of the liquid and thereby increase the heat dissipation or 
cooling effect obtained.  They have also been used in lubricants and paint.  In the United States one of 
the most common applications was in electric transformers.  The only effective method for destroying 
PCBs is high Temperature incineration, which is relatively expensive due to a shortage of PCB 
incineration capacity. 
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TABLE 1 
 
 

 
T.C.L.P. CONSTITUENTS & REGULATORY LEVELS (mg/L) 

 

CONSTITUENT REG LEVEL CONSTITUENT REG LEVEL 

Arsenic 5.0 Hexachlorobenzene 0.13 

Barium 100 Hexachloro-1,3-butadiene 0.5 

Benzene 0.5 Hexachloroethane 3.0 

Cadmium 1.0 Lead 5.0 

Carbon Tetrachloride 0.5 Lindane 0.4 

Chlordane 0.03 Mercury 0.2 

Chlorobenzene 100 Methoxychlor 10.0 

Chloroform 6.0 Methyl ethyl ketone 200 

Chromium 5.0 Nitrobenzene 2.0 

m-Cresol 200 Pentachlorophenol 100 

o-Cresol 200 Pyridine 5.0 

p-Cresol 200 Selenium 1.0 

Cresol 200 Silver 5.0 

1,4-Dichlorobenzene 10.0 Tetrachloroethylene 0.7 

1,2-Dichloroethane 0.7 Toxaphene 0.5 

1,1-Dichloroethylene 0.5 Trichloroethylene 0.5 

2,4-Dichlorophenoxyacetic 
acid 

0.7 2,4,5-Trichlorophenol 400 

2,4-Dinitrotoluene 0.13 2,4,6-Trichlorophenol 2.0 

Endrin 0.02 2,4,5-TP (Silvex) 1.0 

Heptachlor (and its 
hydroxide) 

0.008 Vinyl Chloride 0.2 
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By law PCB's are no longer used as dielectrics in transformers and capacitors manufactured after 1979.  
There are many millions of pounds of PCBs still in use or in storage.  One example is the ballasts used 
in fluorescent light fixtures.  It has been estimated that there are between 0.5 million and 1.5 billion 
ballasts currently in use in this country.  Due to the long life of these units, about half of these may be of 
pre-1979 manufacture and contain PCBs.  Since each ballast contains about one ounce of nearly pure 
PCB fluid, there are about 20 to 30 million pounds of PCBs in existing lighting fixtures.  These items 
are not the subject to RCRA Subtitle D Waste Screening! 
 
Commercial or industrial sources of PCB wastes that should be addressed by the program include: 
 
• Mineral oil and dielectric fluids containing PCBs; 
 
• Contaminated soil, dredged material, sewage sludge, rags, and other debris from a release of 

PCBs; 
 
• Transformers and other electrical equipment containing dielectric fluids; and 
 
• Hydraulic machines. 
 

 2. PCB Regulatory Requirements 
 

As contrasted to hazardous wastes, the Toxic Substance Control Act regulates PCBs based on the 
concentration of PCBs in the waste rather than the source or characteristic of the waste.  The 
regulations concerning PCB disposal are spelled out in 40 CFR Part 761.  Subtitle D of RCRA merely 
requires that PCB waste not be disposed in a MSW landfill.  PCB management requirements include: 
 
Waste containing more than 500 ppm of PCBs must be incinerated. Waste containing from 50 to 500 
ppm must be disposed of by incineration, approved burning, or in chemical waste landfill permitted to 
receive such wastes. The regulations are silent concerning wastes containing less than 50 ppm of 
PCBs; however, the regulations cannot be circumvented by diluting stronger wastes. 

 
D. FUNDAMENTALS OF WASTE SCREENING 
 
 1. Know Your Generators and Haulers 
 
 Since the level of sophistication of your waste screening program will be a reflection of the likelihood of 

hazardous waste and PCB waste being in your incoming waste, knowledge of the commercial 
industrial base of your service area is critical.  Some examples are the automotive industry, which 
generates solvents, paint wastes, lead acid batteries, grease and oil; the dry cleaning industry, which 
may generate filters containing dry cleaning solvents; metal platers which generate heavy metal 
wastes; and other industries which generate a variety of undesirable wastes; e.g. chemical and related 
products, petroleum refining, primary metals, electrical and electronic machinery, etc. 

 
 Landfill managers should also know the haulers and trucks serving the businesses in their community,  
 which are likely to carry unacceptable wastes. 
  
 Some local governments and solid waste management agencies have enacted legislation requiring 

haulers to provide a manifest showing the customers whose wastes make up that particular load.  Such 
a manifest is an extremely useful tool when a load is found to contain prohibited wastes.  It is unwise to 
accept wastes from unknown, unlicensed, or otherwise questionable haulers. 

 
 2. Inspections 
 
 An inspection is typically a visual observation of the incoming waste loads by an individual who is 

trained to identify regulated hazardous or PCB wastes that would not be acceptable for disposal at the 
MSWLF unit.  The training of landfill personnel will be conducted by a local EMS official or a SWANA 
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certification.  An inspection is considered satisfactory if the inspector knows the nature of all materials 
received in the load and is able to discern whether the materials are potentially regulated hazardous 
wastes or PCB wastes. 

 
 Ideally, all loads should be screened; however, it is generally not practical to inspect in detail all 

incoming loads.  Random inspections, therefore, can be used to provide a reasonable means to 
adequately control the receipt of inappropriate wastes.  Random inspections are simply inspections 
made on less than every load.  At a minimum the inspection frequency will not be less than one percent 
of the waste stream. 

 
 The frequency of random inspections may be based on the type and quantity of wastes received daily, 

and the accuracy and confidence desired in conclusions drawn from inspection observations.  Because 
statistical parameters are not provided in the regulation, a reasoned, knowledge-based approach may 
be taken.  A random inspection program may take many forms such as inspecting every incoming load 
one day out of every month or inspecting one or more loads from transporters of wastes of 
unidentifiable nature each day.  If these inspections indicate that unauthorized wastes are being 
brought to the MSWLF site, the random inspection program should be modified to increase the 
frequency of inspections. 

 
 Inspection priority also can 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 received from sources other than 
households (e.g., industrial or commercial establishments), the inspector should question the 
transporter about the source/composition of the materials. 

 
 An inspection flow chart to identify, accept, or refuse solid waste is provided as Figure 1. 
 
 Inspections of materials may be accomplished by discharging the vehicle load in an area designed to 

contain potentially hazardous wastes that may arrive at the facility.  The waste should be carefully 
spread for observation using a front end loader or other piece of equipment.  The Division of Waste 
recommends that waste should be hand raked to spread the load.  Personnel should be trained to 
identify suspicious wastes.  Some indications of suspicious wastes are: 

 
 • Hazardous placards or markings; 
 • Liquids; 
 • Powders or dusts; 
 • Sludges; 
 • Bright or unusual colors; 
 • Drums or commercial size containers; or 
 • Chemical odors. 
 
  The County will follow these procedures when suspicious wastes are discovered. 
 
 • Segregate the wastes; 
 • Question the driver; 
 • Review the manifest (if applicable); 
 • Contact possible source; 
 • Call the State Solid Waste Management Department; 
 • Use appropriate protective equipment; 
 • Contact laboratory support if required; and 
 • Notify the local Hazardous Material Response Team. 
 
 Containers,  with contents that are not easily identifiable, such as unmarked 55-gallon drums, should be 

opened only by properly trained personnel.  Because these drums could contain hazardous waste, they 
should be refused whenever possible.  Upon verifying that the solid waste is acceptable, it may then be 
transferred to the working face for disposal. 
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 Testing typically would include the Toxicity Characteristic Leaching Procedure (TCLP) and other tests 

for characteristics of hazardous wastes including corrositivity, ignitability, and reactivity.  Wastes that 
are suspected of being hazardous should be handled and stored as a hazardous waste until a 
determination is made. 

 
 If the wastes temporarily stored at the site are determined to be hazardous, Wayne County is 

responsible for the management of the waste.  If the wastes are to be transported from the facility, the 
waste must be:  (1) stored at the MSWLF facility in accordance with requirements of a hazardous waste 
generator, (2) manifested, (3) transported by a licensed Treatment, Storage, or Disposal (TSD) facility 
for disposal. 

 
E. RECORD KEEPING AND NOTIFICATION REQUIREMENTS 
 

Records must be kept pursuant to an incident where regulated hazardous waste or prohibited waste is 
found at the landfill.  It is also recommended that records be kept of all screening activities and 
incidents, whether or not, regulated or prohibited wastes are found.  This will help prove that the landfill 
owner/operator has acted in a prudent and reasonable manner. 
 
The best way to prove compliance with this requirement is to document each inspection including: 
 
 Date and time of waste detection 
 Hauler name (company and driver) 
 Waste(s) detected 
 Waste generator(s) if able to identify 
 Action(s) taken to manage or return material(s) 
 Efforts taken if extreme toxicity or hazard was discovered 
 Landfill employee in responsible charge 
 
40 CFR Part 258 requires that records should be maintained at or near the landfill site during its active 
life and as long after as may be required by the appropriate state or local regulations.   
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WASTE SCREENING CHECK LIST 

 
 CONTAINERS  YES NO 
 FULL……………………………………………………….. _____ _____ 
 PARTIALLY FULL……………………………………….. _____ _____ 
 EMPTY…………………………………………………….. _____ _____ 
 CRUSHED…………………………………………………. _____ _____ 
 PUNCTURED……………………………………………… _____ _____  
 
 POWDERS/DUSTS 
 IDENTIFIED……………………………………………… _____ _____ 
 UNKNOWN………………………………………………. _____ _____ 
 
 SATURATION…………………………………………… _____ _____  
 
 LABEL/HAZARDOUS…………………………………… _____ _____ 
 
 ODOR/FUMES 
 STRONG…………………………………………………. _____ _____ 
 FAINT……………………………………………………. _____ _____ 
 
 HEAT…………………………………………………….. _____ _____ 
 
 ITEMS FOUND 
 
 BATTERIES……………………………………………… _____ _____ 
 
 OIL……………………………………………………….. _____ _____ 
 
 BIOMEDICAL…………………………………………… _____ _____ 
 
 RADIOACTIVE………………………………………….. _____ _____ 
 
 ASHES/RESIDUE………………………………………… _____ _____ 
 
 SOD/SOIL………………………………………………… _____ _____ 
 
 LIQUID…………………………………………………… _____ _____ 
 
 HAZARDOUS……………………………………………. _____ _____ 
 
 PCB'S…………………………………………………….. _____ _____ 

 
  CHECK ALL THAT APPLY 
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DETAILED SCREENING REPORT 
 

 
WASTE  SOURCE___________________________________________________________ 
ADDRESS_________________________________________________________________
__________________________________________________________________________ 
__________________________________________________________________________ 
 
 
 
PROBABLE [    ]       SUSPECTED [    ]  CONFIRMED [    ] 
 
 
WASTE 
HAULER__________________________________________________________________ 
ADDRESS_________________________________________________________________
__________________________________________________________________________
__________________________________________________________________________ 
 
 
DRIVER’S NAME____________________________________________________________ 
DETAIL___________________________________________________________________
__________________________________________________________________________
__________________________________________________________________________ 
 
 
NOTIFIED: 
 
WASTE SOURCE [    ]    HAULING MANAGEMENT [    ]    SITE MANAGEMENT [    ] 
 
STATE [    ] FEDERAL [    ] 
 
 
NAME____________________________________________________________________ 
WITNESS (IF ANY)__________________________________________________________ 
DATE____________________TIME_____________________  AM        PM 
__________________________________________________________________________ 
 

ACTION REQUIRED 
 
 
 
 

 



P:\solid waste\G06096 Wayne Co. PTC Ph. 3\documents\G06096-PTC ph.3.doc       lch     4/23/2010    rev. 12/15/2010   Rev.   2/1/2011   Rev. 3/17/11 307

5.4 Appendix II 
 

WAYNE COUNTY - EXPLOSIVE GAS CONTROL PLAN   
 

Quarterly, Wayne County Landfill will monitor the explosive gas at the landfill structures and at or near the 
landfill boundary.   .   The permanent probes will consist of a plastic stand pipe similar to a piezometer used for 
groundwater detection.  A typical permanent methane probe is detailed in the operation drawings. The 
permanent probe will be constructed at a depth of six (6) feet.  A 6" diameter hole will contain a one (1) inch 
slotted PVC pipe.  The bottom two (2) feet will be backfilled with non-carbonate pea gravel with a bentonite seal 
one (1) foot thick above it.  The remaining three (3) feet will be backfilled with in situ soils.  The one (1) inch 
PVC pipe will be approximately three (3) feet above the existing grade.  The PVC pipe will be capped with a one 
(1) inch PVC cap, one quarter (1/4) inch NPT hose barb, and 1" tubing, plugged or capped. 
 
The location and spacing of the methane monitoring probes is somewhat arbitrary.  The locations were 
determined by the relationship of solid waste with property lines and landfill structures. The spacing of the 
monitoring probes is between 200 and 400 feet.  The migration of methane gas is induced by pressure 
gradients.  The methane will move from areas of high pressure to those of low pressure following the path of 
least resistance.  The methane will migrate vertically until it reaches the landfill cap, where it will begin to flow 
horizontally. This occurs until it finds a pathway out, either by the installed methane collection trenches or 
migration through the permeable in situ soils.  Since methane is lighter than air, it wants to escape into the 
atmosphere. It has been our experience that whenever gas is migrating no matter what the spacing or depth of 
the monitoring probes, the gas will fill the void created by the monitoring point and an explosive meter will 
monitor the level.  The various depths of the monitoring probes are to ensure a stable monitoring points.  The 
only time a shallow monitoring point has not worked is in a very heavy, impermeable clay layer that acts as a 
seal to the migration of the gas.  If a clay layer is encountered during the construction of the monitoring points, it 
will either be moved beyond the clay or excavated to a depth that is in the conductive zone below the clay. 
 
The permanent probes will surround Phase 3. Wayne County's landfill is designed with a base liner system and 
cap system, there should be no migration of methane in the permeable in situ soils. 
 
The gas can be detected by use of an instrument that reports the percent of lower explosive limit. The 
instrument being used is the Gas Tech GP 204. 
 
Based on current conditions, there are ten (10) existing monitoring points and four(4) proposed monitoring 
points that will be installed at the facility prior to waste activities commencing at Phase 3.  Quarterly, a County 
employee will visit each monitoring point either the temporary or permanent.  The monitoring points consist of 
all methane probes and leachate collection system cleanouts.  Using the detection instrument, he will determine 
if methane gas has filled the probes.  If the probe is near the property line and methane gas is detected at or 
beyond the lower explosive limit (100% LEL), it must then be determined if the gas is migrating across the 
landfill boundary.  If the probe is on the boundary or methane gas has migrated beyond the boundary, a 
remediation plan must be completed by Wayne County.  
 
Other points of monitoring will be the landfill structures.  Each structure will be monitored for methane using the 
following methods: 
 
  1. All crawl spaces will be monitored; 
  2. All corners in the structure will be monitored; 
  3. Any holes, cracks and pipes through the foundation will be monitored 
 
If methane gas is detected beyond 25% of its lower explosive limit in any structure, check the calibration of the 
monitor and resample. If the reading is still above 25%, evacuate the building and try to find the source of gas.  
If the source is found try to remove the source. If this fails a remediation plan is stated in the operational 
requirements. 
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5.5 Operation Drawings 
 
 5.5.1 Title Sheet 

5.5.2 Index Sheet  
5.5.3 Facility Operations 
5.5.4 Initial Placement of Waste 
5.5.5 1

st
 Year Fill Plan  

5.5.6 2
nd

 Year Fill Plan  
5.5.7 3

rd
 Year Fill Plan  

5.5.8 4
th
 Year Fill Plan  

5.5.9 Final Fill with Intermediate Cover 
5.5.10 Final Fill with Exist. And Prop. Gas Collection Wells 
5.5.11 Miscellaneous Details 
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6.1 Introduction 
 

 Wayne County will cap their landfill within 180 days after the final receipt of solid waste.  The cap system will 
consist of 12 inches bridging material (temporary cover), 18 inches of cohesive soil liner with a permeability no 

greater than 1.0 x 10-5 cm/sec, 40 mil Linear Low Density Polyethylene (LLDPE), drainage layer, 24 inches of 
protective/erosive layer. The post-settlement surface slopes on the cap system will be a minimum of 5 percent 
and a maximum of 25 percent.  The cap contains gas venting system consisting of a series of washed stone 
trenches below the soil liner that will be vented through 10” diameter PVC pipes that penetrate the cap. The cap 
system will also include the proper seeding and mulching of the erosive layer and other erosion control devices.  
 
The largest area to be closed within the permitted life will be 65 acres. 
 
The estimate of the maximum inventory of wastes ever on-site, over the active life to date of the landfill facility is 
1,539,760 cubic yards. 
 
Prior to beginning closure, Wayne County shall notify the Division that a notice of the intent to close the unit has 
been placed in the operating record.  The County shall begin closure activities no later than thirty (30) days after 
the date on which the landfill receives the final wastes or if the landfill has remaining capacity and there is a 
reasonable likelihood that the landfill 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 County demonstrates that the landfill has the capacity to receive additional waste and the 
County has taken and will continue to take all steps necessary to prevent threats to human health and the 
environment from the closed landfill. 
 
The County shall complete closure activities in accordance with the closure plan within 180 days following the 
final receipt of waste.  Extensions of the closure period may be granted by the Division if the County 
demonstrates that closure will, of necessity, take longer than one hundred eighty (180) days and the County 
has taken and will continue to take all steps to prevent threats of human health and environment from the 
enclosed landfill. 
 
Estimated schedule of closure will be approximately 31 years. 
 
Following closure of the landfill, the County shall notify the Division that a certification, signed by the Engineer 
verifying that closure has been completed in accordance with the closure plan, and has been placed in the 
operating record.  The County shall record a notation on the deed to the landfill property and notify the Division 
that the notation has been recorded and a copy has been placed in the operating record.  The notation on the 
deed shall in perpetuity notify any potential purchaser of the property that the land has been used as a landfill 
and its use is restricted under the closure plan approved by the Division.  The County may request permission 
from the Division to remove the notation from the deed if all waste are removed from the landfill. 
 
6.2 Cap System 

 
All materials and equipment shall be furnished by an established and reputable manufacturer or supplier.  All 
materials and equipment shall be new and shall be of first class ingredients and construction, designed and 
guaranteed to perform the service required and shall conform with the following standard specifications or shall 
be the product of the listed manufacturers or similar and equal thereto as approved by the Engineer. 
 
6.3 Cohesive Soil Cap 

 
All materials and equipment shall be furnished by an established and reputable manufacturer or supplier.  All 
materials and equipment shall be new and shall be of first class ingredients and construction, designed and 
guaranteed to perform the service required and shall conform with the following standard specifications or shall 
be the product of the listed manufacturers or similar and equal thereto as approved by the Engineer. 
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Cohesive Soil Cap Borrow Material 

 
Test Name Test Method Contractor/Engineer Frequency 

Moisture/Density ASTM D698/D1557 1 per 5000 c.y.  
Remolded Permeability ASTM D5084 1 per 5000 c.y. 

Atterberg Limits ASTM D4318 1 per 5000 c.y. 
Visual Classification ASTM D2487 1 per 5000 c.y. 

Grain Size Distribution ASTM D422 1 per 5000 c.y. 
                                   
    Cohesive Soil Cap Test Pad  

 
Test Name Test Method Contractor/Engineer Frequency 

   
Field Moisture/Density ASTM D1556 (sand cone)         

 ASTM D2922/D3017 (nuclear gauge)  
ASTM D2937 (drive cylinder) 

3 per lift  

Permeability ASTM D5084 1 per lift 
Remolded Permeability ASTM D5084 1 per lift 

Atterberg Limits ASTM D4318 1 per lift  
Visual Classification ASTM D2487 1 per lift  

Grain Size Distribution ASTM D422 1 per lift  
 

In-Place Cohesive Soil Cap 
 

Test Name Test Method Contractor/Engineer Frequency 
   

Field Moisture/Density ASTM D1556 (sand cone)         ASTM 
D2922/D3017 (nuclear gauge)  
ASTM D2937 (drive cylinder) 

1 per lift per acre 

Permeability ASTM D5084 1 per lift per acre 
Atterberg Limits ASTM D4318 1 per lift per acre 

Visual Classification ASTM D2487 1 per lift per acre 
Grain Size Distribution ASTM D422 1 per lift per acre 

 
(a) Suitable on-site and/or off-site soils may be used as cohesive soil cap if it can achieve an in-place 
permeability of 1.0 x 10

-5
 cm/sec or less and meets all testing requirements indicated in the material testing 

paragraph in this section. Wyoming bentonite or an approved equivalent may be blended with the soil to lower 
the soil's permeability. 
 
(b) A permeability “window” shall be developed for each type of soil from the borrow material that will be used 
for construction of the cohesive soil cap.  The window shall be plotted on a semi-log plot with moisture content 
versus density.  Laboratory testing to develop the window shall include a series of remolded samples 
compacted to various dry densities and moisture contents utilizing the same compactive effort (ASTM D 698 
or D 1557).  The remolded samples shall be tested for permeability to determine whether or not the particular 
soil type will provide the maximum permeability (1.0 x 10

-5
 cm/sec) at various dry densities and moisture 

contents.  The window is then developed from the accepted remolded samples and moisture contents from 
the semi-log plot.  A straight line is typically drawn between the acceptable points on the moisture-density 
curve to indicate a range of probable acceptable permeability results.  The window will be used in the 
construction of the test strip to verify the laboratory remolded permeability results. 
 
(c) Atterberg limits and grain size distribution shall also be conducted on the bulk samples used to prepare the 
permeability window ASTM D2487, D4318, D422.  These tests can be used as indices on random samples 
collected from the borrow site during construction to verify the soil type is the same as was used to develop 
the “window”. As a minimum, sufficient visual classifications and Atterberg limits shall be conducted in 
association with each permeability test to verify that the construction materials meet specifications.  
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(d) A test strip of compacted cohesive soil cap shall be prepared to verify the permeability “window” prior to 
general installation of the cohesive soil cap.  The test strip will be used to verify the results from the remolded 
permeabilities from the borrow site utilizing the permeability window(s) for each soil type that is going to be 
used for construction of the cohesive soil cap.  At a minimum, the verification will consist of three moisture 
density tests, one Atterberg limits test, one grain size distribution test (ASTM D2487 D4318, and D422), and 
one Shelby Tube sample for each lift constructed in the test pad. Laboratory permeability tests shall be 
performed on tube (Shelby or drive tubes) samples of the cohesive soil cap after placement and compaction. 
The permeability must be a maximum of 1.0 x10

-5
cm/sec. Tests shall be performed in accordance with the 

ASTM D5084. The test strip shall be approximately 2,500 sq. ft. in surface area and constructed to conform 
geometrically to the site topography with a minimum lateral dimension in any direction of 25 ft.  The test strip 
shall consist of at least three compacted 6 inch lifts of cohesive soil cap.  Placement and testing of the test 
strip shall be in conformance with the construction specifications and requirements for general installation of 
the cohesive soil cap.  Test results from the test strip shall be used to guide placement and achievement of 
the required maximum permeability of 1.0 x 10

-5
 cm/sec of the cohesive soil cap.  The test strip may be used 

as an integral part of the overall cohesive soil cap if it meets the required specification for the cap.  All results 
shall be given to the Construction Observer. 
 

(e) The soils shall be placed to the total thickness shown on the plans in maximum 8-inch thick loose lifts with 
a maximum 6" compacted lift compacted preferably at a moisture content between 0 to 3% above optimum 
moisture content to 95% standard Proctor maximum dry density (ASTM Test Designation D698). A 
sheepsfoot roller or approved alternative may be used to compact the soil cap provided the compaction and 
permeability requirements can be achieved.  Each lift shall be tested for permeability, moisture content, 
particle size distribution analysis, Atterberg limits, moisture-density-permeability relation, and if needed 
percent bentonite admixed with soil, prior to the placement of the succeeding lift and visually inspected to 
confirm that all soil clods have been broken and that the surface is sufficiently scarified so that adequate 
bonding can be achieved.  Soils for cohesive soil cap shall be screened, disked, or prepared using any other 
approved method as necessary to obtain a homogeneous cohesive soil with clod sizes in a soil matrix no 
larger than about 1.5 inches in maximum diameter.  After each lift, the surface shall be scarified prior to the 
placement of the next lift to provide good bonding from one lift to the next. 
 

(f) The cohesive soil cap shall be tested to evaluate the coefficient of permeability.  The coefficient of 
permeability of the soil cap shall be equal to or less than 1.0 x 10

-5
 cm/sec after placement and compaction. 

The soil cap must be a minimum of 1.5 feet thick.  
 

(g) Laboratory falling head permeability tests shall be performed on tube (Shelby or drive tubes) samples of 
the cohesive soil cap after placement and compaction. The permeability must be a maximum of 1.0 x 10

-5 

cm/sec. Tests shall be performed in accordance with ASTM D5084. All laboratory permeability tests shall be 
performed at a confining pressure of 10 psi and at a hydraulic gradient of 20. 
 

(h) The soil cap shall be tested a minimum of one soil sample per lift per acre for laboratory permeability. All 
permeability testing will be on random samples judged by the Engineer to be representative of the most 
permeable soil conditions for the area being tested.  The Engineer shall certify that the materials used in 
construction were tested according to the Division approved plans. If after placement of the soil cap it fails the 
required tests, the material will either be reworked or replaced, and retested.  The soil cap must remain moist 
at all times, if any section becomes dry, rework the dry area and moisten.  
  
(i) A minimum of two (2) inches of soil shall be removed prior to securing each sample for permeability testing.  
The sampling tube shall be advanced vertically into the soil with as little soil disturbance as possible and 
should be pushed using a uniform pressure.  The sampling tube (Shelby tube), when extracted, shall be free 
of dents, and the ends shall not be distorted.  A backhoe or approved alternative should be used to advance 
the sampling tube (Shelby tube) as long as disturbance is minimized.  Drive tube samples of the cap may be 
obtained for permeability testings.  If the Engineer judges the sample to be too disturbed, another sample 
shall be taken.  Once an acceptable sample has been secured and properly prepared, all sample excavations 
Once an acceptable sample has been secured and properly prepared, all sample excavations or other holes 
created by survey stakes, etc. shall be backfilled to grade with a 50% mixture of bentonite and similar soils in 
maximum 3-inch loose lifts and hand tamped with a blunt tool to achieve a tight seal equivalent to the original 
density.   
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(j) No additional construction shall proceed on the soil layers at the area being tested until the Engineer has 
reviewed the results of the tests and judged the desired permeability is being achieved. 
 

(k) As a minimum, sufficient visual classifications (ASTM Test Designation D2487) , analyses (ASTM Test 
Designation D422) and Atterberg limits (ASTM Test Designation D4318) shall be conducted in association 
with each permeability test to verify that the construction materials meet specifications. The minimum number 
of tests will be 1 per lift per acre. 
 
(l) If the soil for the cohesive soil cap is incapable of achieving the required permeability when compacted, 
bentonite or approved alternative may be mixed with the soils to decrease the permeability.  The amount of 
additive required must be determined in the laboratory.  Where additives are required, the soil shall be placed 
in maximum 8-inch thick loose lifts and compacted preferably between 0 to +3% optimum moisture content to 
95% standard Proctor maximum dry density (ASTM Test Designation D698) for the soil-additive mixture.  All 
other compaction procedures for the soil apply.   
  
(m) Surfaces to be lined shall be smooth and free of debris, roots, and angular or sharp rocks larger than 
three-eight (3/8) inches in diameter to a depth of six (6) inches.  The cohesive soil cap shall have no sudden 
sharp or abrupt changes in grade. 
 
(n) The Contractor shall protect the cohesive soil cap from desiccation, flooding and freezing.  Protection, if 
required, may consists of a thin plastic protective cover, (or other material as approved by the engineer) 
installed over the completed cohesive soil cap until such time as the placement of flexible membrane liner 
begins.  Areas found to have any desiccation cracks or which exhibit swelling, heaving or other similar 
conditions shall be replaced or reworked by the contractor to remove these defects. Areas where the 
cohesive soil has been replaced, desiccation cracks and/or heaving is deeper than two (2) inches shall be 
retested. 
 
(o) The thickness and grade of the soil cap will be verified by the surveyor before placement of the 
geomembrane liner.  The soil cap will be surveyed at 50’ grid points where the elevations of the top of 
intermediate cover will be compared to the top of soil cap to verify 1.5 feet of soil cap. The grade will then be 
verified with the surveyed information. The survey will be performed by N.C.  licensed surveyors. 
 
(p) Surface Acceptance.  Upon request, the Flexible Membrane Liner manufacturer installer shall provide the 
Engineer with a written acceptance of the surface prior to commencing installation. Subsequent repairs to the 
cohesive soil cap and the surface shall remain the responsibility of the contractor. 

 

6.4 Flexible Membrane Liner Method of Deployment  
 

All materials and equipment shall be furnished by an established and reputable manufacturer or supplier.  All 
materials and equipment shall be new and shall be of first class ingredients and construction, designed and 
guaranteed to perform the service required and shall conform with the following standard specifications or shall 
be the product of the listed manufacturers or similar and equal thereto as approved by the Engineer. 

 

Flexible Membrane Liner Tests 
 

Test Name Description Test Method Frequency 
    

Air Test  Air Test Seams  Every Seam  
Vacuum Test Every welded area  Where air test impossible 

Destructive Tests Seam Strength ASTM D4437 Every 500’ of seam 
 

Qualified liner installers, seamers, and the liner foreman shall meet a minimum requirement of 1,000,000 
square feet of geomembrane installation. There are no other minimum qualifications needed by other parties. 
40 mil Linear Low Density Polyethylene (LLDPE) is to be placed in direct contact with moist cohesive soil cap. 
The extrusion rods and/or brads used in seaming the rolls together shall be derived from the same base resin 
as the liner and shall meet the following minimum properties: 
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(1) Preparation for Geomembrane Deployment 
 
(a) Panel Layout 
 
Prior to commencement of liner deployment, layout drawings shall be produced to indicate the 
panel configuration and location of seams for the project. 
 
(b) Identification 
 
Each panel used for the installation shall be given a numeric or alpha-numeric identification number 
consistent with the layout drawing.  This identification number shall be related to manufacturing roll 
number that identifies the resin type, batch number and date of manufacture. 
 
(c) Verification 
 
The manufacturers certification will be reviewed by the Engineer.  If the certification does not meet 
the requirements of GRI-GM17, the corresponding liner rolls will be rejected. 
 

(2) Field Panel Placement 
 
(a) Location 
 
The Flexible Membrane Liner Manufacturer/Installer shall install field panels at the location 
indicated on the layout drawing.  If the panels are deployed in a location other than that indicated 
on the layout drawings, the revised location shall be noted in the field on a layout drawing which will 
be modified at the completion of the project to reflect actual panel locations. 
 
(b) Weather Conditions 
 
Geomembrane deployment shall not be carried out during any precipitation, nor in the presence of 
excessive moisture (i.e. fog, dew), in an area of standing water, or during high winds. 
 
(c) Method of Deployment  shall follow the manufacturer’s recommendations and sound, accepted 
engineering practices. 

 
(1) The method and equipment used to deploy the panels must not damage the 

 geomembrane or the supporting subgrade surface. 
 
(2) No personnel working on the geomembrane:  will smoke, wear shoes that can  

damage the geomembrane, or engage in actions, which could result in damage to the 
geomembrane. 

(3) Adequate temporary loading and/or anchoring, (i.e. sandbags, tires), which will 
not damage the geomembrane, will be placed to prevent uplift of the geomembrane by 
wind.  If uplift occurs, additional sandbags will be placed in necessary areas. 

 
(4) The geomembrane will be deployed in a manner to minimize wrinkles. The 
  geomembrane will have no fold overs. 
 
(5) Any damage to a panel of the geomembrane will be repaired.  Any area of a panel  

seriously damaged (torn, twisted, or crimped) will be marked, cut out and removed from 
the work area with resulting seaming and/or repairs performed. 
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(3) Field Seaming 
 

(a) Layout 
 
In general, seams shall be oriented parallel to the slope, i.e., oriented along, not across the slope.  
Whenever possible, horizontal seams should be located not less than five (5) feet from the toe of 
the slope.  Each seam made in the field shall be numbered in a manner that is compatible with the 
panel layout drawing for documentation of seam testing results. 
 
(b) Personnel 
 
All personnel performing seaming operations shall be trained in the operation of the specific 
seaming equipment being used and will qualify by successfully welding a test seam. The project 
foreman will provide direct supervision of all personnel seaming to verify proper welding procedures 
are followed. Qualified liner installers, seamers, and the liner foreman shall meet a minimum 
requirement of 1,000,000 square feet of geomembrane installation. There are no other minimum 
qualifications needed by other parties. 
 
(c) Equipment 
 

(1) Fusion Welding 
 
Fusion Welding consists of placing a heated wedge, mounted on a self propelled vehicular unit, 
between two (2) overlapped sheets such that the surface of both sheets are heated above the 
polyethylene's melting point.  After being heated by the wedge, the overlapped panels pass 
through a set of preset pressure wheels which compress the two (2) panels together so that a 
continuous homogeneous fusion weld is formed.  The fusion welder is equipped with a 
temperature readout device which continuously monitors the temperature of the wedge. 
 
(2) Extrusion Fillet Welding 
   
Extrusion fillet welding consists of introducing a ribbon of molten resin along the edge of the 
seam overlap of the two (2) sheets to be welded.  The molten polymer causes some of the 
material of each sheet to be liquefied resulting in a homogeneous bond between the molten 
weld bead and the surfaces of the sheets.  The extrusion welder is equipped with gauges giving 
the temperature in the apparatus and the preheat temperature at the nozzle. 

 
(d) Weather Conditions 
 
The Flexible Membrane Liner Manufacturer/Installer will rely on the experience of the Flexible 
Membrane Liner Superintendent and the results of test seams to determine seaming restrictions by 
weather.  Many factors, such as ambient temperature, humidity, wind, sunshine, etc., can effect the 
integrity of field seams and must be taken into account when deciding whether or not seaming 
should proceed.  Responsibility for monitoring these conditions shall lie with the Flexible Membrane 
Liner Superintendent; however, the Engineer may suspend any seaming operation which is, in his 
opinion, at the risk of providing the Owner with a quality product.  Test seams are required prior to 
daily production seaming to determine if the weather conditions will effect the Flexible Membrane 
Liner System's ability to produce quality seams. Additional non-destructive and destructive testing 
of production seams substantiate the decision made by the Flexible Membrane Liner 
Superintendent to seam on any given day. 
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(4)  Seam Preparation 
 

(a) Fusion Welding 
 

(1) Overlap the panels of geomembrane approximately four (4) inches. 
 

(2) Clean the seam area prior to seaming to assure the area is clean and free of 
 moisture, dust, dirt, debris of any kind.  No grinding is required for fusion welding. 
 

(3) Adjust the panels so that seams are aligned with the fewest possible 
     number of wrinkles and "fishmouths". 
 

(4) A movable protective layer may be used, at the discretion of the Flexible 
Membrane Liner Superintendent, directly below the overlap of geomembrane that is to 
be seamed to prevent build-up of moisture between the panels. 

 

(b) Extrusion Welding 
 

(1) Overlap the panels of geomembrane a minimum of three (3) inches. 
 

(2) Temporarily bond the panels of geomembrane to be welded taking care not to 
  damage the geomembrane. 

 

(3) Grind seam overlap prior to welding within one (1) hour of welding operation 
 In a manner that does not damage the geomembrane.  Limit grinding to ¼” outside of 

the extrusion weld area.   
 

(4) Clean the seam area prior to seaming to assure the area is clean and free of 
  moisture, dust, dirt, and debris of any kind. 

 

(5) Purge the extruder prior to beginning the seam to remove all heat-degraded 
  extrudate from the barrel. 

 

(6) Keep welding rod clean and off the ground. 
 

(5) Test Seams 
 

Test seams shall be performed at the beginning of each seaming period and at least once each 
four (4) hours for each seaming apparatus used that day.  Test seams shall be made on fragment 
pieces of the geomembrane liner and under the same conditions as actual seams. 
 

(a) Test Seam Length 
 

The test seam shall be at least three (3) feet long and should be made by joining two (2) pieces of 
geomembrane at least 9" in width. 
 

(b) Sample Procedure 
 

(1) Visually inspect the seam for squeeze out, footprint, pressure and general appearance. 
 

(2) Two random samples one (1) inch wide shall be cut from the test seam. The two (2), 
 one (1) inch wide samples shall be tested in the field in a tensiometer that has a 
 constant separation of 2.0 in/min for peel and shear. The passing destructive test 
 requirements for a 40-mil LLDPE liner seam is:   minimum peel strength of 50 ppi for 
 hot wedge and 44 ppi for extrusion fillet seams, minimum shear strength of 60 ppi for 
 hot wedge and extrusion fillet seams, and a maximum of 25% peel separation of the 
 seam. 

 

If a specimen fails the entire procedure shall be repeated. 
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(3) If any of the second set of specimens fail, the seaming apparatus shall not be accepted 
and shall not be used for seaming until the deficiencies are corrected and a passing 
test seam is achieved. 

 

(4) After completion of these tests, the remaining portion of test seam can be discarded.  
Documentation of the test seams will be maintained listing seam identification number, 
welder's name, temperature control setting, and test results. 

 

(5) Passing test results records shall be maintained. 
 

(6) General Seaming Procedures 
 
(a) Seaming shall extend to the outside edge of panels to be anchored. 
 While welding a seam, monitor and maintain the proper overlap.  
 

(b) Inspect seam area to assure area is clean and free of moisture, dust, dirt, debris of any kind. 
 

(c) While welding a seam, monitor temperature gauges to assure proper settings are  
 maintained and that the seaming apparatus is operating properly. 
 

(d)  Align wrinkles at the seam overlap to allow welding through the wrinkle. 
 

(e) Fishmouths or wrinkles at seam and overlaps that cannot be welded through shall 
be cut along the ridge in order to achieve a flat overlap.  The cut fishmouth or wrinkle shall be 
seamed.  Any portion where the overlap is inadequate shall be patched with an oval or round 
patch of the same geomembrane extending a minimum of six (6) inches beyond the cut in all 
directions. 

 
(f) All cross/butt seams between two (2) rows of seamed panels shall be welded during the coolest 

time of the day to allow for contraction of the geomembrane. 
 
(g) All "T" joints shall have the overlap from the wedge welder seam trimmed back to allow an 

extrusion fillet weld.  Then grind ¼ of an inch minimum on either side of the wedge seam, then 
extrusion weld all of the area prepared by grinding. 

 

6.5 Flexible Membrane Liner Tests  
 

The installation crews will non-destructively test all field seams over their full length using air pressure 
testing, vacuum testing or other approved methods, to verify the continuity and integrity of the seams. 

 

(a) Air Pressure Testing 
 
The welded seam created by double hot-wedge fusion welding process is composed of two distinct 
welded seams separated by an unwelded channel approximately 3/8 of an inch between the two 
welded seams permits the double hot-wedge fusion seams to be tested by inflating the sealed 
channel with air to a predetermined pressure, and observing the stability of the pressurized channel 
over time. 

 

(1) Equipment for Air Testing 
 
An air pump (manual or motor driven) capable of generating and sustaining a pressure 
between 25 to 30 psi. 
 
A rubber hose with fittings and connections. 
 
A sharp hollow needle, or other approved pressure feed device with a pressure gauge capable 
of reading and sustaining a pressure between 25 to 30 psi. 
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(2) Procedure for Air Testing 
 
Seal both ends of the seam to be tested. 
 
Insert needle or other approved pressure feed device into the sealed channel created by the 
fusion weld. 
 
Inflate the test channel to a pressure between 25 to 30 psi, in accordance with the following 
schedule, close valve, and observe initial pressure after approximately 2 minutes. 

 
INITIAL PRESSURE SCHEDULE * 

 
 Material (Mil)     Min. Psi        Max. Psi 
 40 25 30 
 60 27 30 
 80 30 30 
  100 30 30 
 
* Initial pressure settings are read after a two minute "relaxing period".  The purpose of this 
"relaxing period" is to permit the air temperature and pressure to stabilize. 
 
Observe and record the air pressure five (5) minutes after "relaxing period" ends and when 
initial pressure setting is used.  If loss of pressure exceeds the following or if the pressure does 
not stabilize, locate faulty area and repair. 
 

MAXIMUM PERMISSIBLE PRESSURE DIFFERENTIAL 
AFTER 5 MINUTES - LLDPE 

 
   Material (Mil)          Pressure Diff. 
 40 4 psi 
 60 3 psi 
 80 3 psi 
  100  3 psi  
 
At the conclusion of the pressure test the end of the seam opposite the pressure gauge is cut.  
A decrease in gauge pressure must be observed or the air channel will be considered "blocked" 
and the test will have to be repeated after the blockage is corrected. 
 
Remove needle or other approved pressure feed device and seal resulting hole by extrusion 
welding. 
 
(3) In the event of a Non-Complying Air Pressure Test, the following procedure 
  shall be followed: 
 
Check seam end seals and retest seams. 
 
If non-compliance with specified maximum pressure differential re-occurs, repair the seam.  
Capping or removal/reseam of the non-complying seam are the only two (2) acceptable 
methods of repairing failed seams.   
 
Non-destruct test the entire length of the repaired seam 
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(b) Vacuum Testing 
 
This test is used when the geometry of the weld makes air pressure testing impossible or 
impractical or when attempting to locate the precise location of a defect believed to exist after air 
pressure testing. The penetration will be tested using this method. 

 
(1) Equipment for Vacuum Testing 
 
Vacuum box assembly consisting of a rigid housing, a transparent viewing window, a soft 
neoprene gasket attached to the bottom, port hole or valve assembly, and a vacuum gauge. 
 
Vacuum pump assembly equipped with a pressure controller and pipe connection. 
 
A rubber pressure/vacuum hose with fittings and connections. 
 
A bucket and means to apply a soapy solution. 
 
A soapy solution. 
 
(2) Procedure for Vacuum Testing 
 
Trim excess overlap from seam, if any. 
 
Turn on the vacuum pump to reduce the vacuum box to approximately 5 inch of mercury, i.e., 5 
psi gauge. 
 
Apply a generous amount of a solution of strong liquid detergent and water to the area to be 
tested. 
 
Place the vacuum box over the area to be tested and apply sufficient downward pressure to 
"seat" the seal strip against the liner. 
 
Close the bleed valve and open the vacuum valve. 
 
Apply a minimum of 5 in. Hg vacuum to the area as indicated by the gauge on the vacuum box. 
 
Ensure that a leak tight seal is created. 
 
For a period of not less than 30 seconds, examine the geomembrane through the viewing 
window for the presence of soap bubbles. 
 
If no bubbles appear after 30 seconds, close the vacuum valve and open the bleed valve, move 
the box over the next adjoining area with a minimum 3 in. overlap, and repeat the process. 
 
(3) Procedure for Non-Complying Test 
 
Mark all areas where soap bubbles appear and repair the marked areas. 
 
Retest repaired areas. 

 
(c) Destructive Testing 

 

(1) Concept 
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The purpose of destructive testing is to determine and evaluate seam strength.  These tests 
require direct sampling and thus subsequent patching.  Therefore destructive testing should be 
held to a minimum to reduce the amount of repairs to the geomembrane. 
 
(2) Procedure for Destructive Testing 
 
All Destructive tests will be done according to GRI test method GM19.  Destructive test 
samples shall be marked and cut out randomly at a minimum average frequency of one test 
location every 500 feet of seam length. 
 
Additional destructive tests may be taken in areas of contamination, offset welds, visible 
crystallinity or other potential cause of faulty welds at the discretion of the Flexible Membrane 
Liner Superintendent and Engineer. 
 
Sample Size 
 
The sample should be twelve (12) inches wide with a seam fourteen (14) inches long centered 
lengthwise in the sample.  The sample may be increased in size to accommodate independent 
laboratory testing by the owner at the owner's request or by specific project specifications. 
 
A one (1) inch sample shall be cut from each end of the test seam for field testing. 
 
The two (2), one (1) inch wide samples shall be tested in the field in a tensiometer for peel and 
shear.  The passing destructive test requirements for a 40-mil LLDPE liner seam is:  minimum 
peel strength of 50 ppi for hot wedge and 44 ppi for extrusion fillet seams,  minimum shear 
strength of 60 ppi for hot wedge and extrusion fillet seams, and a maximum of 25% peel 
separation of the seam. 
 
(3) Procedure in the event of Destructive Test Failure 
 
Cut additional field samples for testing.  In the case of a field production seam, the samples 
must lie a minimum of ten (10) feet in each direction from the location of the failed sample.  
Perform a field test for peel strength.  If these field samples pass, then laboratory samples can 
be cut and forwarded to the laboratory for full testing. 
 
If the laboratory samples pass then reconstruct the seam between the two (2) passing samples 
locations. 
 
Heat tack the overlap along the length of the seam to be reconstructed and extrusion weld. 
 
Vacuum test the extrusion weld. 
 
If either of the samples fail, then additional samples are taken in accordance with the above 
procedure until two (2) passing samples are found to establish the zone in which the seam 
should be reconstructed. 
 
All passing seams must be bounded by two (2) locations from which samples passing 
laboratory destructive tests have been taken. 
 
In cases of reconstructed seams exceeding 150 feet, a destructive sample must be taken and 
pass destructive testing from within the zone in which the seam has been reconstructed. 
 

 All destructive seam samples sent to the Engineer’s laboratory shall be numbered.  
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(d) Quality Assurance Laboratory Testing 
 
(1) Destructive samples sent to the laboratory will be tested for shear/peel strength,  
 elongation, and peel separation according to table 1(a) of GRI Test Method GM19. 

Five (5) specimens shall be tested for each test method with data recorded.  Four (4) 
out of the five (5) specimens must pass and the fifth specimen must be 80% of the 
passing test values.  The passing test values are as follows: 
 

Hot Wedge Seams 
   Shear Strength-60 ppi 
   Shear elongation at break – 50% 
   Peel Strength- 50 ppi 
   Peel separation-25% 
Extrusion Fillet Seams 
   Shear Strength-60 ppi 
   Shear Elongation at break-50% 
   Peel Strength- 44 ppi 
   Peel separation-25% 

  
(2) Defects and Repairs 
 

(a) The Flexible Membrane Liner Superintendent shall conduct a detailed walk through and 
visually check all seams and non-seam areas of the geomembrane for defects, holes, 
blisters and signs of damage during installation. 
 
(b) All other installation personnel shall, at all times, be on the lookout for any damaged 
areas.  Damaged areas shall be marked and repaired. 
 
(c) Repair Procedures 
 
Any portion of the geomembrane showing a flaw or failing a destructive or non-destructive 
test shall be repaired.  Several procedures exist for repair and the decision as to the 
appropriate repair procedure shall be made by the Flexible Membrane Liner 
Superintendent.  Repairs need to be made in a timely manner to protect the moist cohesive 
soil liner and flexible membrane liner. If inclement weather is approaching, steps need to be 
made to protect the cohesive soil cap such as a temporary cover.  If  cohesive soil cap is 
damaged, it must be reworked.  Procedures available for liner repair: 
 
Patching - used to repair large holes, tears and destructive sample locations.  All patches 
shall extend at least six (6) inches beyond the edges of the defect and all corners of 
patches shall be rounded. 
 
Reconstruction - used to repair seams bounded by passing destruct samples. 
 
Grinding and welding - used to repair sections of extruded seams.  
 
Spot welding or seaming - used to repair small tears, pinholes or other minor localized 
flaws. 
 
Capping - used to repair lengths of failed extruded seams. 
 
Removal of a bad seam and replacement with a strip of new material seamed into place. 
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(d) Verification of Repairs 
 
Every repair shall be non-destructively tested. Repairs which pass the non-destructive test 
shall be deemed adequate. Large repairs may require a destructive test. Repair test results 
shall be logged.  The repair location shall be recorded on an as-built drawing. 

  
 e)  Liner Acceptance 
 
 The constructed liner will be accepted when all non-destruct and destruct tests have 
 passed their respective tests and the results have been verified by the Engineer. 
 

6.6 Protective Cover  
 

(1) HPDE Geocomposite Drainage Netting manufactured by SKAPS Industries, or approved equal. 
Q/C testing information/certification for each property on geocomposite will be provided by the 
contractor/manufacture for the rolls delivered.  The thickness, transmissivity and ply adhesion will 
be tested by the Engineer’s third party laboratory for quality assurance.  One roll from every 
200,000 ft.

2
 of material delivered to the site will be tested. 
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The geocomposite will be handled in such a manner as to ensure the geocomposite are not 
damaged in any way.  On slopes, the geocomposite will be secured in the anchor trench and then 
rolled down the slope in such a manner as to continually keep the geocomposite sheet in tension.  
If necessary, the geocomposite will be positioned by hand after being unrolled to minimize wrinkles.  
Geocomposite can be placed in the horizontal direction (i.e., across the slope) in some special 
locations (e.g., where extra layers are required or where slope is less than 10:1).  
 

Geocomposite will not be welded to the geomembrane.  Geocomposite will be cut using approved 
cutters,(i.e., hook blade, scissors, etc.)  Care should be taken to prevent damage to underlying 
layers.  Care must be taken not to entrap dirt in the geocomposite that could cause clogging of the 
drainage system, and or stones that could damage the adjacent geomembrane. 
 

Adjacent rolls of geocomposite will be overlapped by at least four inches and securely tied.  Tying 
can be achieved by plastic fasteners.  Tying devices will be white or yellow for easy inspection.  
Metallic devices are not allowed.  Tying will be five to ten feet along the bottom of the slope. Tying 
will be every five feet along the slope, every two feet across the slope and at the top of the berm.  
Tying in the anchor trench will be done in one foot intervals.  In the corners of the side slopes where 
overlaps between perpendicular geocomposite strips are required, an extra layer of geocomposite 
will be unrolled along the slope, on top of the previously installed geocomposite, from the top to 
bottom of the slope. 
 

Any holes or tears in the geocomposite will be repaired by placing a patch, utilizing the same 
geocomposite material, extending two feet beyond edges of the hole or tear.  The patch will be 
secured to the original geocomposite by tying every twelve inches.  If the hole or tear width across 
the roll is more than 50% the width of the roll, the damaged area will be cut out and the two portions 
of the geocomposite will be joined.   
 

The engineer will visually inspect the drainage layer before placement of the erosive layer, if any 
defects are detected they will be repaired before placement of erosive layer. 
 

(2)  Erosive Layer 
 

 The soil for the erosive layers shall consist of suitable site soil free of debris, roots, rocks and     
  organics.  The soil shall contain no particles or objects greater than 3/4 inch in largest dimension, 
 which has been screened. No permeability, grain size, or other tests are required for  this material.   

 

       Installation of the protective cover shall be the responsibility of the contractor.  Before proceeding 
       with placement of the protective cover over the liner, the Contractor shall furnish to the Engineer 
       with the manufacturer's certification that the lining has been satisfactorily installed in accordance 
       with the  manufacturer's recommendations. 

 

The erosive layer shall be composed of 24” of select backfill. The cover shall be installed using low 
ground pressure equipment such as a Caterpillar D6H LGP, or approved equal, with ground 
pressure not exceeding 4.71 psi until the depth of cover exceeds three feet. 
 

The depth of the erosive layer will be verified based on the 50 ft. grid and the difference in elevation 
from the top of the cohesive soil to the top of the erosive layer. 
 

(a) A minimum of twelve inches (12") of cover between low ground pressure equipment and the 
liner is required at all times.  Roadways for entering and for transporting material over slopes and 
capped/lined areas shall have a minimum depth of four feet (4'). 
 

(b) Avoid undue stress on the liner at all times.  Cover material must be pushed up slopes, never 
down to help minimize wrinkles. Material must be placed to minimize wrinkles, wrinkles in excess of 
two feet in height are unacceptable.  If a wrinkle is more than two feet in height, soil will be placed 
on top of the wrinkle to decrease the height. Fold over of the liner will not be allowed. A worker 
must walk along side earth moving equipment and remove all rocks, stones, roots or other debris 
that could cause damage to the liner.  Equipment operators must avoid sharp turns or quick stops 
that could pinch and tear the liner.  
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(c) If damage does occur, report it to the Project Manager immediately so that repairs can be 

performed without needless delay. All repairs to any component of the liner system will be done 
and tested according to the required repairs and testing for that component. 

 
(d) Do not work wet cover material that cannot support equipment. 
 
(e) Equipment operators and all other personnel must be qualified and must exercise good 

judgment and common sense at all times. 
 
(3)  Vegetative Layer 
 
Native vegetation will be used as approved by the Erosion Control Plan. 
 

6.7 Methane Venting System  
 

Gas Venting System 
 

The existing gas collection system and any future expansions of the system, shall remain in service 
until collection of gas is no longer functional.  The wells will then be converted to methane vents 
and the gas collection laterals shall remain in place and be capped. 
 
The well heads shall be removed and replaced with a methane vent turndown and the opening shall 
be covered with a stainless steel screen. 
 
Plastic Pipe 
 
Plastic gravity sewer pipe and fittings used for methane vent shall be unplasticized polyvinyl 
chloride (PVC) and conform to the requirements of ASTM Designation D-3034 on ASTM F679, 
Type PSM, Class 12454-B, SDR-35 with elastomeric gasket joints. PVC pipe and fittings shall be 
as manufactured by J-M Pipe, Certainteed, H&W Industries or equal. The methane riser pipe shall 
be a 10 inch solid wall PVC pipe.  
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6.8 Closure Costs 
 
The largest area to be closed within the permitted life will be Phase 1, 2, and 3 (65 Ac.).  The estimated costs 
shown below are only for Phase 1, 2 and 3. Post Closure will be 30 years after closure. 
 

Closure Costs: 
Closure will consist of the following which costs are estimated as being done by a third party. 
 

1. 18" of 1x10
-5

 cm/sec. soil cover; 
2.  40 Mil LLDPE Liner and Drainage net; 
3.  Erosion Control Devices; 
4.  24" Erosive layer; 
5.  Seeding and Mulching; 
6.  Mobilization/Demobilization; 
7.  Labor Costs; and  
8.  Stone for methane gas collection. 
9.  Geotextile for methane gas collection. 
10.  Vent pipes for methane gas collection. 
11.  Engineering Costs and QA/QC of the Composite liner and certification of closure.  

 

Estimate of Probable Costs:  
 

 1.  18" of 1x10-5 cm/sec. soil cover for 65 acres: 
 

  Total yardage + 15% = 180,895 yd3 @ a cost of $6.90/yd3 

   ∴ Cost = $1,248,176 
 

2.  40 Mil LLDPE Liner and Drainage net for 65 acres 
 
  Total Footage + 15% = 3,256,110 ft

2
  @ a cost of $0.85/ft

2
 

∴ Cost = $2,767,694 
 

3.  Erosion Control devices 
 
  Estimated costs @ $75,000 

   ∴ Cost = $75,000 
 
 4.  24" Erosive soil layer for 65 acres. 
 

  Total yardage + 15% = 241,194 yd3 @ a cost of $4.05/yd3 

   ∴ Cost = $976,836 
 
 5.  Seeding and Mulching for 65 acres. 
  
  Estimated cost of $2,000/acre 

   ∴ Cost = $130,000 
 
 6.  Mobilization/Demobilization. 
 
  Estimated cost of $175,000 
 
 7.  Labor Costs. 
 
  Estimated cost of $650,000 
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 8.  Vent pipes for methane gas collection. 
 
  Estimated cost @ $600.00 each (62). 

   ∴ Cost = $37,500 
 
 9.  Engineering Costs and QA/QC of the Composite liner and certification of closure. 
 
  Estimated cost = $650,000 
    
 

Total of Estimated Phase 1, 2 and 3 Closure Costs: 
 
 1.  $ 1,248,176 
 2.  $ 2,767,694 

3.  $      75,000 
 4.  $    976,836 
 5.  $    130,000 
 6.  $    175,000 
 7.  $    650,000 
 8. $      37,500 
 9. $    650,000 
 Total:     $ 6,710,206 
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SECTION 7.0 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

POST-CLOSURE 
PLAN 
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7.1 Introduction 
 
 

CONTACTS: 
  
  Name:   W. Lee Smith, III 
  Title:   County Manager 
  Phone No.:   (919) 731-1435 
  Address:   P.O. Box 227 
      Goldsboro, NC 27530 
 
DESCRIPTION OF USE: 
 
 The County has no future use planned for their landfill at this time. 
 
DESCRIPTION OF MAINTENANCE ACTIVITIES: 
 
The landfill will be monitored quarterly for evidence of settlement, subsidence, ponding in the cap system, 
leachate seepages, and any erosion.  The quarterly inspection will also include observation and necessary 
repair of the security fence, entrance sign, access roads to the methane and groundwater monitoring points, the 
actual ground water monitoring wells and methane probes, accumulated silt in the sediment basins, leachate 
lagoon, pumps and edge of waste markers.  Annually in the spring, the vegetative cover will be monitored to 
assure a good stand of vegetation, and where needed, it will be reseeded.  Semi-annually the cap vegetation 
will be mowed and any saplings removed.  These maintenance activities will take place over the entire post 
closure period of thirty years. 
 

The pumps in the sumps will be monitored quarterly to assure that they are operating properly by manually 
operating each pump.  The flow pumped from each sump for the quarter will be documented.  The pumps at the 
lagoon will also be manually operated to assure that they are working properly and the flow to the Waste Water 
Treatment Plant documented for the quarter.  If for any reason a pump is not operating, it will be repaired or 
replaced within two weeks of the inspection. 
 

Any repairs to the cap system will be done according to the approved closure plan and documented according 
to the approved quality assurance plan.  Damages that require repairs shall be reported to the NC Solid Waste 
Section within 3 days of inspection/observation. 
 

The leachate collection system will be videoed every five years and power washed if necessary.  The pump 
risers will be vacuum cleaned every five years.  Leachate will be collected and treated until the generation of 
leachate has stopped due to capping. 
 

All quarterly inspections/observations will be documented and become part of the landfill’s operating record.  All 
repairs/maintenance will be documented and also become part of the landfill’s operating record.  Data collected 
from all pumps will also become part of the operating record. 
   
DESCRIPTION OF MONITORING ACTIVITIES: 
 
The County will monitor and analyze ground and surface water semi-annually according to the approved 
monitoring plan for a period of thirty years.  The County will also monitor methane gas at landfill structures and 
the boundary quarterly according to the approved methane monitoring plan for the thirty-year period. All reports 
and records required by the approved monitoring plans will become part of the landfill’s operating record. 
  
COMPLETION OF POST-CLOSURE CARE 
 
Following completion of the post-closure care period for each MSWLF unit, the owner or operator will notify the 
Division that a certification, signed by a registered professional engineer, verifying that post-closure care has 
been completed in accordance with the post-closure plan, has been placed in the operating record. 
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CLOSURE OF LEACHATE STORAGE FACILITIES 
 

 The County will close the leachate lagoon within 180 days after liquid collection has ceased. The plan for 
closure of the lagoon shall be approved by the Division of Waste Management prior to commencing closure 
activities. 

 

All solid waste will be removed from the leachate lagoon, connecting sewer lines, and manholes.  All solid 
waste removed will be properly handled and disposed of according to federal and State requirements. All 
connecting lines will be disconnected and securely capped or plugged. 
 

All waste residues, contaminated system components (composite liner system), contaminated subsoils, 
structures and equipment contaminated with waste will be removed and appropriately disposed.  If the 
groundwater surrounding the impoundment is contaminated, other corrective actions to remediate a 
contaminant plume may be required by the Department.  If the groundwater surrounding the lagoon is found not 
to be contaminated, the liner system may remain in place if drained, cleaned to remove all traces of waste, and 
both liners punctured so that drainage is allowed.  The lagoon is to be backfilled and regraded to the 
surrounding topography. 

 

7.2 Post Closure Costs 
 

The largest closed area to be monitored within the post closure life will be Phase 1,2 and 3 (65 Ac.). 
 

Post Closure Costs: 
 

Methane gas, ground water and surface water will be monitored for 30 years after closure. The cap will also 
have to be monitored for the 30 year period.  All costs include reports, data analysis, and certifications. 
 

1. Ground and Surface Water monitoring semi-annually for 30 years for 
Subtitle D Appendix I constituents and statistical analysis. 

  Estimated cost/sample = $840.00/sample 
  Total annual samples = 2(16 wells + 4 surface) = 40 samples/year 
  Estimated cost = 30 years x 40 samples/year x $840.00/sample 
    

       ∴ Cost = $1,008,000 
 

 2.  Methane Gas monitoring quarterly for 30 years. 
  Estimate $600.00/quarter = $2,400.00/year 
  Estimated cost = 30 year x $2,400.00  
 

   ∴ Cost = $72,000.00 
 

 3.  Cap Monitoring and repairing any problems. 
  Estimate $100,000 for the 30 years. 
 

   ∴ Cost = $100,000 
 

 4.  Closure of sedimentation and erosion control devices. 
  Estimate $24,000.00 for closure 
 

   ∴ Cost = $24,000 
 

 5.  Leachate Management including pumping data. 
  Estimate $400,000.00 for the 30 years. 
 

   ∴ Cost = $400,000 
  

 6.  Closure of leachate lagoon. 
  Estimate $30,000 for Closure. 
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 7.  Maintenance of gas vents, monitoring wells, pumps, access roads, fencing, signage, EOW 
  markers, vegetation and mowing, etc. 
  Estimate $520,000  

 

Total of Estimated Phase 1, 2 and 3 Post Closure Costs: 
 

   1. $1,008,000 
   2. $     72,000 
   3. $   100,000 
   4. $     24,000 
   5. $   400,000 
   6. $     30,000 
   7. $   520,000 
      Total:      $ 2,154,000 
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SECTION 8.0 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

FINANCIAL 
ASSURANCES 
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TO BE SUBMITTED AT A LATER DATE 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 


