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5 April 2017 

Mr. William Cook 

Solid Waste Management Program 

Georgia Environmental Protection Division 

4244 International Parkway, Suite 104 

Atlanta, Georgia 30354 

Subject: Minor Modification Application – Coal Combustion Residuals (CCR) 

Management Plan 

Greenbow, LLC – Turkey Run Landfill 

Permit Number: 099-019D(MSWL) 

Meriwether County, Georgia 

Dear Mr. Cook: 

On behalf of Greenbow, LLC, Geosyntec Consultants (Geosyntec) has prepared this minor permit 

modification application (Application) for the Turkey Run Landfill (Landfill) located in 

Meriwether County, Georgia. This Application is prepared in response to the Guidance Document 

for Coal Combustion Residuals (CCR) Management Plans (Guidance Document) issued by 

Georgia Department of Natural Resources, Environmental Protection Division (EPD) dated 

December 22, 2016. This Application revises the Landfill’s Design and Operation (D&O) Plan to 

incorporate a CCR Management Plan in accordance with EPD’s Solid Waste Management Rule 

391-3-4-.07(5) and the Guidance Document. This Application consists of responses to requests 

within the Guidance Document, revised D&O Plan sheets (Attachment A) and updates to the 

design calculations. An executed minor modification form and three copies of the revised D&O 

Plan Sheets (Title Sheet, and Sheet Nos. 0, 1, 30A, 32, 32A, and 33) are included.  Below is a 

summary of the revisions incorporated into the D&O Plan for compliance with the Guidance 

Document. 

CCR GUIDANCE GENERAL REQUIREMENTS 

1. The CCR Management Plan shall be submitted as a request for modification to the 

facility’s Design and Operational (D&O) Plan.  Modifications which substantially alter 

the design of the facility, management practices, the types of wastes being handled, or the 

method of waste handling, and due to the nature of the changes would likely have an impact 

on the ability of the facility to adequately protect human health and the environment will 

require a major modification. 
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Response: The Landfill facility is currently accepting CCR material. The facility comingles 

CCR and municipal solid waste (MSW). This CCR Management Plan proposes a 

maximum CCR to MSW ratio of 1:9, by weight. This request for modification will not 

substantially alter the design, management, types of waste or methods of waste handling.  

Therefore, it is being submitted as a minor modification to the facility’s current permit. 

2. CCR Management Plans will be approved for a duration of one year.  Facilities must 

submit a sealed professional engineer’s Annual CCR Management and Dust Control 

Review describing activities, issues and any non-compliance from the prior year (for more 

on Fugitive Dust Control requirements, see below).  Based on the annual review, Georgia 

EPD will either issue written approval to continue CCR management under the existing 

plan or will request the facility to amend their Plan.  Amendments to the plan shall include 

any changes necessitated by the prior year’s operations.  The facility shall place the written 

EPD approval in the facility operating record.  Facilities requested to amend their CCR 

Management Plan must obtain an approved amended Plan within 30 days of EPD’s request 

or cease receipt of CCR until such approval is granted. 

Response: Section 52 has been added to the Operations Plan narrative on Sheet 32A to 

define the annual reporting requirements related to CCR management and fugitive dust 

control. 

The current sources of CCR for this facility are defined in Section 3 of the Operations Plan 

narrative on Sheet 32.  This section also requires that EPD approval be obtained prior to 

increases in the maximum CCR to MSW ratio. 

3. Plan sheets should be the same size (24"x30" to 24"x36") and have a standard title block. 

Response: All plan sheets match the size of the current D&O Plan and include a standard 

title block. 

4. A professional engineer registered to practice in Georgia must stamp and sign all sheets. 

Response: All modified D&O Plan sheets are stamped and signed by a Registered 

Professional Engineer in the State of Georgia. 
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CCR MANAGEMENT PLAN COMPONENTS 

1. Volume and Daily CCR Receipt 

The estimated total amount of CCR to be accepted on annual basis and the daily maximum 

amount of CCR to be accepted must be listed in the Plan. 

For sites that will dispose of comingled CCR and MSW, the amount of MSW received and 

the maximum ratio of CCR to MSW for placement in the landfill must be listed in the Plan.  

The facility must be designed to address Section 4, Design Consistency, for comingling 

waste up to this maximum ratio.  The facility may not dispose of comingled waste at a ratio 

that exceeds the maximum considered in the design calculations.  Dedicated CCR cells that 

were previously approved for MSW disposal must also be redesigned to address the 

requirements of Section 4, Design Consistency. 

Response: Section 1 of the Operations Plan narrative on Sheet 32 has been modified to 

define the estimated daily and annual CCR and MSW tonnages to be accepted at the 

facility. Based on the annual tonnages for the year 2016, the Landfill accepted 2.4% CCR 

(i.e. CCR to MSW ratio of approximately 1:41). The maximum CCR to MSW ratio 

proposed for the purpose of this CCR Management Plan is 1:9. Section 1 of the Operations 

Plan narrative on Sheet 32 defines this maximum CCR to MSW ratio for comingled 

disposal. 

The design calculations that are affected by the CCR waste stream are included as 

attachments (Attachment B) to this submittal. 

2. Procedures for Waste Placement, Cover, and Recovery 

The CCR Management Plan must include the following: 

a. A description of how the working face will be managed at facilities where CCR and 

other wastes will be comingled, or identification of proposed CCR monofill cells. 

Response: Section 2 of the Operations Plan on Sheet 32 has been modified to define 

the procedures governing the controlled unloading of CCR material at the working 

face and comingled with MSW.  There are no CCR monofill cells designated for 

this facility. 
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b. Description of waste placement procedures including (but not limited to): 

▪ the initial layer placement of CCR above the liner and leachate collection 

system 

Response: A narrative for initial placement of waste in a newly constructed 

cell has been added to Section 2 of the Operations Plan on Sheet 32. The 

first 10-ft thick lift of waste placed on top of the 24-inch thick protective 

cover soil will be select MSW and will not contain CCR.  

▪ placement and compaction requirements of CCR lifts to maintain stability 

Response: The CCR will be comingled with MSW.  Therefore, no 

amendments to the plan are required to define placement and compaction 

of CCR only lifts. 

▪ placement and compaction procedures for comingled wastes 

Response: The procedures for spreading and compaction of comingled CCR 

and MSW will be the same as those currently in-place for the spreading and 

compaction of areas receiving MSW only. Narrative within Section 5 of the 

Operations Plan on Sheet 32 has been modified to reflect the same. 

c. Procedures and criteria for daily cover of comingled CCR and MSW. 

Response: The procedures and criteria for daily cover on comingled CCR and 

MSW will be the same as those currently in-place for areas receiving MSW only. 

Narrative within Section 6 of the Operations Plan on Sheet 32 has been modified 

to reflect the same. 

d. The working face must be maintained at a size that is compatible with the facility’s 

available equipment for spreading and compacting waste, and for suppressing dust.  

Describe the proposed maximum working face area and the equipment needed to 

manage a working face of this area. 

Response: The size of maximum working face area will remain unchanged for 

comingled disposal of CCR and MSW. Section 2 of the Operations Plan on Sheet 
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32 has been revised to describe comingling of CCR and MSW at the working face.  

Additionally, Section 23 on Sheet 32 has been modified to define dust control 

procedures for a working face receiving comingled wastes. 

e. Operator inspection procedures for maintaining and documenting compliance with 

the CCR Management Plan must be given. 

Response: Landfill operators are trained to visually inspect each load that is placed 

at the working face. In addition, routine and documented Random Load Inspections 

are conducted. These standard procedures established by Waste Management will 

be utilized for incoming CCR waste loads. 

Section 2 of the Operations Plan on Sheet 32 has been revised to require operator 

training related to CCR waste streams. 

f. If applicable, procedures for onsite liquid waste solidification operations using 

CCR. 

Response: The facility will not use CCR for liquid waste solidification. 

g. If applicable, procedures must be given for recovery of previously disposed CCR 

for beneficial reuse.  EPD must be notified prior to disturbing and excavating 

previously disposed CCR for beneficial reuse. 

Response: The facility will not recover previously disposed CCR material for 

beneficial re-use. 

3. Fugitive Dust Control 

The CCR Management Plan must include measures that will minimize CCR from becoming 

airborne at the facility.  Potential CCR fugitive dust emissions originating from CCR 

disposal units, roads, conditioning areas, and other CCR management and material 

handling activities must be minimized. 

a. Performance Standard: The percent opacity from CCR and any other fugitive dust 

source listed in Air Quality Rule 391-3-1-.02(2)(n)1 shall not exceed the limits set 

therein. 
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Response: Section 23 of the Operations Plan on Sheet 32 has been modified to 

require compliance with Air Quality Rule 391-3-1-.02(2)(n)1. 

b. The Dust Control Plan must describe measures that the owner or operator will use 

to minimize CCR from becoming airborne, such as the following: 

▪ locating CCR inside an enclosure/partial enclosure 

▪ operating a water spray or fogging system 

▪ reducing fall distances at material drop points 

▪ using wind barriers, compaction, or vegetative covers 

▪ establishing vehicle speed limits 

▪ paving and sweeping roads 

▪ covering trucks transporting CCR 

▪ reducing or halting operations during high wind events 

▪ applying daily cover or more frequent cover as needed 

Response: It is noted that the Landfill has an approved Title V Operating Permit 

(Permit Number: 4953-199-0025-V-03-0) from the Air Protection Branch of the 

Georgia EPD. In accordance with the permit conditions, the facility has already 

developed and emplaced a Dust Suppression Plan. Dust control measures described 

in the Dust Suppression Plan are currently being utilized and are expected to 

adequately address the CCR waste acceptance. The Dust Suppression Plan is 

included as Attachment E for reference. 

Additionally, Section 23 of the Operations Plan on Sheet 32 has been modified to 

require moisture conditioning of CCR disposal areas with a water truck to control 

dust, if needed. Current operational procedures employ use of water trucks for other 

potentially fugitive dust waste streams.  
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c. The Dust Control Plan must provide an explanation of how the selected measures 

are applicable and appropriate for the existing site conditions. 

Response: The use of a water truck to provide dust control (i.e., the equipment 

currently available at the facility) was selected and will provide for adequate dust 

suppression. See Section 19 of Sheet 32. 

d. The Dust Control Plan must provide procedures to emplace CCR with adequate 

moisture content or other suppressants added to minimize dust. 

Response: Section 23 of the Operations Plan on Sheet 32 has been modified to 

require moisture conditioning of CCR disposal areas with a water truck to control 

dust, if needed. 

e. Citizen Complaints: Procedures to log citizen complaints received by the owner or 

operator must be described in the Plan. 

Response: Section 23 of the Operations Plan on Sheet 32 has been modified to 

require the use of Waste Management’s 1-800 Public Comment number for 

documenting citizen complaints. 

f. An “Annual Fugitive Dust Control Report” report will be due 12 months after the 

approval of the CCR Management Plan, and one year later for each subsequent 

report.  The report shall include a description of the actions taken to control fugitive 

dust, a record of all citizen complaints, a summary of any corrective measures taken 

and, if applicable, recommendations to improve the dust control measures in the 

future. 

Response: Section 23 of the Operations Plan on Sheet 32 has been modified to 

require preparation and submission of an Annual Fugitive Dust Control Report.  

Additionally, narrative was added to Section 52 on Sheet 32A to allow for the 

Annual Fugitive Dust Control Report to be included with the annual CCR 

Management Plan renewal report. 
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4. Design Consistency 

I. The CCR Management Plan must address the following landfill design considerations: 

a. A demonstration that the design grades of the landfill are stable (i.e., for short 

operations and long-term static and seismic conditions). 

Response: Revised stability analysis was performed to evaluate slope stability for 

the design grades of the landfill considering CCR acceptance. The results of the 

analysis indicate that the design grades of the landfill will remain stable considering 

CCR acceptance. The description and details of the performed slope stability 

analysis is included as Attachment B-1. 

b. A demonstration that the liner system is designed to account for chemical exposure 

to CCR-generated leachate. 

Response: A demonstration that the liner system materials are designed to account 

for chemical exposure to CCR-generated leachate is described in detail and 

included as Attachment C – Liner System Compatibility Analysis.  

It is noted that the United States Environmental Protection Agency (US EPA) 

classifies CCR as a solid waste to be regulated under Subtitle D of the Resource 

Conservation and Recovery Act (RCRA). The permitted Subtitle D liner systems 

at the Turkey Run Landfill are designed to contain a mixed waste mass, including 

industrial wastes such as CCR. As noted in Attachment C, no adverse effects are 

anticipated on the liner system due to the leachate generated from comingling of 

CCR and MSW (with a maximum CCR to MSW ratio of 1:9 by weight). 

c. The cell floor grading and construction plans shall account for settlement caused 

by the weight of the CCR or the comingled waste.  Cell floor subsidence and 

leachate collection pipe crushing shall be evaluated, and a demonstration of 

adequate post-settlement cell floor grades, leachate pipe grades, and resistance to 

crushing shall be provided in the design calculations. 

Response: Revised settlement analysis and leachate collection pipe structural 

stability analysis (including resistance to crushing) were performed in 

consideration of CCR comingled with MSW. The description and details of 
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settlement analysis is included as Attachment B-2. The description and details of 

leachate collection pipe structural stability analysis is included as Attachment B-4. 

d. The Leachate Collection and Removal System (LCRS) shall continue to maintain 

its functionality and limit the head of leachate on the liner system to a maximum of 

30 centimeters.  Drainage nets, filter fabrics, and other features of the LCRS must 

be demonstrated to be compatible with CCR.  Pipes must be able to support the 

weight of the CCR without damage. 

Response: Revised analysis were performed to evaluate the Leachate Collection 

and Removal System (LCRS) in consideration of CCR comingled with MSW. The 

results of the analysis indicate that the LCRS will continue to maintain its 

functionality and limit the head of leachate on the liner system within the thickness 

of the geonet drainage core. The description and details of LCRS maximum head 

and drainage evaluations is included as Attachment B-3. Attachment B-3 also 

presents Filter Geotextile Analysis.  

e. The landfill gas collection system design shall account for comingling of MSW and 

CCR waste. 

Response: The currently permitted Gas Collection and Control System (GCCS) is 

not affected by the comingling of CCR and MSW.  The GCCS has been designed 

by taking into consideration the acceptance of MSW which includes non-

putrescible waste streams (such as inert debris).  Furthermore, unlike putrescible 

waste that decomposes and generates landfill gas, CCR is considered as inert waste 

and further degradation is highly unlikely.  Hence, landfill gas generation from 

CCR, if there is any, is anticipated to be very minimal.  The design of the GCCS, 

therefore, would require no further changes and that the GCCS would be able to 

handle the acceptance of comingled CCR and MSW. 

f. Construction, operation, and maintenance of waste units to be used for CCR 

disposal shall remain consistent with recognized and generally accepted good 

engineering practices for the maximum volume of CCR to be disposed. 

Response: Comingling of CCR with MSW is not anticipated to affect the 

construction of waste units. Modification to the D&O Plan’s specified operation or 
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maintenance of the waste units are reflected in this CCR Management Plan and 

revisions addressed herein. 

g. The plan must define any events or circumstances that represent a safety 

emergency, along with a description of the procedures that will be followed to 

detect a safety emergency in a timely manner. 

Response: The Landfill facility employs a safety emergency procedure. The facility 

provides an Emergency Stand Down Flyer (included as Attachment F) to its 

customers which describes in detail the procedures that need to be followed in the 

event of an emergency. Additionally, the facility requires its contractors and 

vendors to undergo a Contractor Safety Orientation training that includes definition 

of circumstances that represent safety emergency and protocol/procedures to be 

followed. In the event that emergency evacuation may be required, the facility 

employees are trained to notify customers, consultants, contractors, vendors, and 

fellow employees of the evacuation and to meet at the facility’s front gate. It is 

noted that these procedures apply to standard waste handling activities; and 

acceptance of CCR will not affect these procedures.  

h. The plan must provide a detailed description of leachate and contact water 

management that demonstrates surface water contacting MSW or CCR will not be 

discharged into the stormwater management system.  Describe or provide details 

for any required structures (such as chimney drains) and any management 

practices such as placement of diversion berms between the working face or 

exposed CCR and the stormwater collection ditches. 

Response: As CCR will be disposed of as comingled with MSW within a permitted 

lined cell with a LCRS, any contact water will be collected as leachate in the LCRS, 

and will not be discharged into the stormwater management system. Comingling of 

CCR will not require revisions to the D&O Plan specified leachate management 

requirements.  

i. Design calculations supporting the CCR Management Plan are to be performed by 

or be done under the direction of a Professional Engineer and shall be submitted 

as auxiliary materials to the Plan. 
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Response: The performed design calculations are included with this CCR 

Management Plan, which is stamped and signed by a Registered Professional 

Engineer in the State of Georgia  

II. CCR shall not be placed in any previously constructed cell, either comingled or as a 

monofill, without a demonstration that the cell, as constructed, was designed or can be 

retrofitted (e.g., lowering of final grades) to accommodate CCR disposal. 

Response: The design calculations presented as Attachment B to this Application are 

updates to the facility’s permitted design calculations and are, as such, applicable to the 

entire landfill including the previously constructed cells. Design calculations, included 

in Attachment B, address the Guidance Document requested landfill design consistency 

considerations and the demonstrations therein are applicable to the previously 

constructed cells. Based on demonstration of design consistency, no design 

changes/retrofitting are required in consideration of CCR disposal.  

5. Waste Compatibility Analysis 

The Plan must show that CCR waste is compatible (non-reactive) with MSW or industrial 

waste streams received at the facility, and that different CCR waste streams received are 

compatible with one another.  In demonstrating compatibility, the plan shall contain at a 

minimum the following components: 

▪ List of source(s) of CCR waste streams 

Response: The current sources of CCR for this facility are defined in Section 3 of 

the Operations Plan narrative on Sheet 32. As with any other industrial or 

commercial Special Waste stream, generators wishing to dispose of CCR at the 

landfill are required to follow established procedures to obtain approval for 

disposal. These include characterizing the CCR by completing Waste 

Management’s EZ Profile Worksheet and providing technical information such as 

Safety Data Sheets (SDS).  Based on the generator provided information for 

profiling of CCR accepted at the landfill, the composition of CCR consists of ash, 

coal, soils, and plant life. The enlisted processes from which the CCR material was 

generated, as described in the profile, include “Maintenance and Cleaning of 

Boilers, Buildings, Coal and Ash Handling Equipment and Facilities, Coal Piles 
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and Grounds”. Attachment G presents typical waste profiles for CCR material 

accepted at the landfill.  

▪ Chemical analyses of CCR waste streams 

Response: Chemical composition of typical CCR material and compatibility of 

CCR material with MSW is evaluated and presented in detail in Attachment D.  

▪ Documentation of compatibility analyses for use in a solidification process, if 

applicable. 

Response: The facility will not use CCR for liquid waste solidification. 

The chemical analyses may be submitted as auxiliary materials to the Plan.  If a new type 

of CCR is proposed for disposal a plan modification application must be submitted if, based 

on the above analyses, acceptance of the new CCR material necessitates changes to the 

facility’s design or operations. 

Response: If acceptance of a new type of CCR material necessitates changes to the 

facility’s design or operations, a CCR Management Plan modification application will be 

submitted to the Georgia EPD. 

Section 3 of the Operations Plan narrative on Sheet 32 requires EPD approval to be 

obtained prior to accepting any increases in the maximum CCR to MSW ratio. 

6. Closure and Post-Closure Care Impacts 

The CCR Management Plan shall evaluate impacts to the landfill’s closure and post-

closure care cost estimates.  If CCR management changes either or both of these estimates, 

these plan sections must be revised to comply with 391-3-4-.11 or 391-3-4-.12.  

Groundwater monitoring costs should be updated to reflect the additional constituents 

monitored for landfills that have accepted CCR.  If the largest open waste-accepting area 

increases due to CCR acceptance, closure cost estimates must be updated accordingly. 

Response: The Closure/Post Closure Care Plan on Sheet 33 has been revised to address the 

additional groundwater monitoring costs during post closure care.  The closure costs and 

largest waste accepting area open are unaffected by the CCR management plan. 
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7. Groundwater Monitoring 

Appendix III and IV constituents (including boron) must be incorporated into the facility’s 

groundwater monitoring plan in accordance with 391-3-4-.14(21)(c) and 391-3-4-.14(25). 

Response: Sheet 30A has been added to the Water Monitoring Plan to address the 

additional groundwater monitoring requirements related to acceptance of CCR waste. 

8. Modification Procedures 

The CCR Management Plan must be modified and submitted for EPD’s approval if changes 

in either operating procedures or the facility design are necessary to comply with the 

requirements for CCR management. 

Response: Narrative has been added to Section 52 of the Operations Plan on Sheet 32A to 

require submittal of a revised CCR Management Plan if changes in either the operating 

procedures or facility design are necessary due to changes in the CCR waste stream. 

9. Documentation of Notification to Local Governments 

The owner or operator shall notify the local governing authorities of the county, and any 

city within the county, in which the landfill is located upon the initial submittal of a CCR 

Management Plan or upon submittal of an amended Plan to EPD.  Copies of the 

correspondence to local governing authorities must be provided to EPD with the Plan 

submittal. 

Response: Narrative has been added to Section 52 of the Operations Plan on Sheet 32A to 

specify compliance with notification requirements.  Documentation of notification to the 

local governing authority required as part of this initial submittal will be forwarded to EPD. 
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ATTACHMENT B1 

SLOPE STABILITY ANALYSIS 

PURPOSE 

The Guidance Document for Coal Combustion Residuals (CCR) Management Plans issued by 

Georgia Environmental Protection Division (EPD) dated 22 December 2016 states that the CCR 

Management Plan must address landfill design considerations to account for acceptance of CCR. 

The purpose of this calculation package is to evaluate the static and seismic slope stability of the 

Turkey Run Landfill (Landfill) located in Meriwether County, GA, taking into consideration the 

comingling of CCR with Municipal Solid Waste (MSW) at the landfill. The location of the selected 

cross section and material properties are based on the original stability analysis performed by 

Bunnell-Lammons Engineering, Inc. (BLE) as part of the permitted landfill design calculations 

(BLE, 2007). The CCR Management Plan calls for the disposal of comingled CCR and MSW into 

the landfill with a maximum CCR to MSW ratio of 1:9 (by weight). 

 

The remainder of this calculation package is organized as follows: (i) analysis methodology; (ii) 

material properties; (iii) analyzed cross section; (iv) analysis results; and (v) conclusions. 

ANALYSIS METHODOLOGY 

Slope stability analyses were performed using the Spencer’s method (Spencer, 1973), as 

implemented in the computer program SLIDE, version 6.038 (Rocscience, 2016).  Spencer’s 

method, which satisfies vertical and horizontal force and moment equilibrium, is considered to be 

more rigorous than other methods. The SLIDE program is used to generate potential circular, non-

circular, and block-type slip surfaces, calculate the factor of safety (FS) for each of these surfaces, 

and identify the slip surface with the lowest FS (termed as critical slip surface).  

 

Seismic slope stability was performed using a pseudostatic approach in SLIDE.  The site specific 

pseudostatic coefficient was selected based on a design earthquake having a two percent 

probability of exceedance in 50 years as discussed in BLE (2007). 

Information required for the static and pseudostatic slope stability analyses include: 

• the material properties (i.e., unit weight and shear strength) of the various materials and 

geosynthetic components; 

• the geometry of the slopes and subsurface soil stratigraphy at the cross section location; 

• water surface elevations; and  
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• pseudostatic coefficient for seismic slope stability analysis. 

MATERIAL PROPERTIES 

The required material properties for slope stability analysis include the unit weight and shear 

strength of all the materials.  

 

Figure B1-1 presents the unit weight of MSW as reported by Zekkos et al. (2006). Furthermore, 

Figure B1-1 shows the well-accepted correlation between MSW unit weight and depth as 

established by Kazavanjian et al. (1995). The Landfill is expected to be accepting CCR and 

comingling CCR with MSW with a maximum CCR to MSW ratio of 1:9, by weight.  Based on 

EPA (1988) and EPRI (2009), the unit weight of CCR is in the range of 65 – 110 pounds per cubic 

foot (pcf).  This range of CCR unit weight (also shown on Figure B1-1) is within the variation of 

MSW unit weights reported by Zekkos et al. (2006). In short, both MSW and CCR encompass a 

similar and wide range of unit weights as shown on Figure B1-1. Given that the maximum CCR 

to MSW ratio is 1:9 by weight (i.e., primarily MSW and relatively small amount of CCR), the 

original selected unit weight of 70 pcf for the MSW by BLE (2007) appears to be reasonable and 

comparable to the unit weight of CCR. Nevertheless, to evaluate the effect of the unit weight on 

slope stability, a sensitivity study was conducted assuming a unit weight for CCR of 85 pcf, which 

translates into a unit weight for the comingled waste of 71.5 pcf. 

 

The shear strength in terms of cohesion, c, and internal friction angle, , of MSW based on the 

original slope stability analysis report by BLE (2007) is shown in Figure B1-2. The cohesion and 

internal friction angle used in their analysis are 50 psf and 30o, respectively. Kazavanjian et al. 

(1995) established a shear strength envelope for stability analyses of MSW landfills. This shear 

strength envelope shown in Figure B1-2, is well known and accepted in the industry. The strength 

envelope consists of = 0o with c = 500 psf at normal stresses below 770 psf and  = 33o with 

c = 0 psf at higher normal stresses. Based on CCR literature reviewed (Lacour, 2012; Ramme and 

Tharaniyil, 2013), a typical range of shear strength of CCR was identified and is also shown in 

Figure B1-2. CCR is typically considered cohesionless (c = 0) and the friction angle ranges 

approximately between 25o and 45o. Based on this information, the shear strength of the comingled 

waste was conservatively selected as the original value reported by BLE (2007), c = 50 psf and 

 = 30o. Material properties used in the current slope stability analysis are summarized in Table 

B1-1. 
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ANALYZED CROSS SECTION AND GROUNDWATER TABLE 

The analyzed cross section and groundwater table were selected based on the original stability 

analysis performed by BLE (BLE, 2007) as part of the permitted landfill design calculations.  

Consistent with the factor of safety considered acceptable by BLE as part of the permitted landfill 

design calculations, the target FS for long term static conditions was selected to be 1.5. Target FS 

for seismic conditions was selected to be 1.0. 

ANALYSIS RESULTS 

For the analyzed slope, the calculated critical non-circular slip surface for static conditions is 

shown in Figure B1-3 and the corresponding calculated FS is 1.83. For a block failure mode under 

static conditions, a lower calculated FS of 1.67 is found and is also shown in Figure B1-3. Under 

seismic conditions, the calculated FS for the critical non-circular and block failure modes are 1.44 

and 1.30, respectively, as shown in Figure B1-4. The results from the slope stability analysis of 

the analyzed cross section are summarized in Table B1-2. The results indicate that the calculated 

FS exceeds the target FS for the static and seismic conditions considered in this package.  

CONCLUSIONS 

Static and seismic slope stability analyses were performed to evaluate slope stability for the design 

grades of the landfill considering that the landfill will allow for the disposal of comingled CCR 

and MSW (with maximum CCR to MSW ratio of 1:9, by weight). The analyzed cross section, 

material properties, and groundwater table were selected based on the original stability analysis 

performed by BLE (BLE, 2007) as part of the permitted landfill design calculations. A sensitivity 

study was conducted on slope stability taking into account the unit weight of the comingled waste. 

The results of the slope stability analysis indicate that the calculated FS exceeds the target FS for 

static and seismic conditions considered in this calculation package and no changes to design 

grades are required due to the acceptance of comingled waste with maximum CCR to MSW ratio 

of 1:9, by weight. 
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Table B1-1.  Summary of Selected Geotechnical Parameters 

 

Material Unit Weight (pcf) 
Shear Strength Parameters 

c (psf)  (deg)

Waste [1] 71.5 50 30 

Residual: Loose Silty Sand[2] 110 0 30 

Fill[2] 110 20 30 

Interface[2] 110 0 20.5 

 

Notes: 

[1] The unit weight of the comingled waste was calculated based on the maximum CCR to MSW 

ratio of 1:9, by weight, where the MSW unit weight is assumed to be 70 pcf the CCR unit weight 

is assumed to be 85 pcf. The shear strength parameters of waste were obtained from the Slope 

Stability Report by BLE (2007). 

[2] Unit weight and shear strength parameters were obtained from the Slope Stability Report by 

BLE (2007). 

 
  



 

 Page 7 of 12 

        

Prepared by: W. Tabet Date: 3/30/2017 Reviewed by: S. Nadukuru Date: 4/4/2017 
 

Client: Waste 

Management 

Project: Turkey Run Landfill CCR 

Management Plan 

Project No.: GR6304 Phase No.: 02/01 

        
 

GR6304_Attachment B1_Slope Stability Analysis.docx April 2017 

Table B1-2.  Calculated Factor of Safety 

 

Condition Failure Mode  Calculated FS Target FS Figure Number 

Static 
Non-Circular 1.83 1.5 

B1-3 
Block 1.67 1.5 

Seismic 
Non-Circular 1.44 1.0 

B1-4 
Block 1.30 1.0 
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Figure B1-1.  Unit Weight Values from In-Situ Large Scale Tests (after Zekkos et al. 2006) 
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Figure B1-2.  Shear Strength Envelopes of MSW and CCR 
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Figure B1-3.  Slope Stability Analysis Results Under Static Conditions 
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Figure B1-4.  Slope Stability Analysis Results Under Seismic Conditions 
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ATTACHMENT B2 

SETTLEMENT ANALYSIS 

PURPOSE 

The Guidance Document for Coal Combustion Residuals (CCR) Management Plans by Georgia 

Environmental Protection Division (EPD) dated 22 December 2016 states that the CCR 

Management Plan must address landfill design considerations to account for acceptance of CCR. 

The purpose of this calculation package is to calculate the estimated subgrade settlement due to 

overburden stress from the CCR comingled with Municipal Solid Waste (MSW) at Turkey Run 

Landfill (Landfill), Meriwether County, Georgia. Based on the information provided by Waste 

Management, the landfill is expected to accept the disposal of comingled CCR and MSW with 

maximum CCR to MSW ratio of 1:9, by weight. The calculated settlements and separation of the 

liner from the groundwater table post settlement are based on the subsurface properties discussed 

by Bunnell-Lammons Engineering, Inc. (BLE) in the permitted landfill design calculations, BLE 

(2007) (Permit No. 099-019 D(MSWL)). 

 

The remainder of this calculation package is organized as follows: (i) methodology; (ii) material 

properties; (iii) analysis results; and (iv) conclusions. 

METHODOLOGY 

For the purpose of this calculation package, the settlements were evaluated at two soil borings, 

PZ-2 and PZ-19, that are located within the landfill footprint and had: (i) the minimum 

separation to groundwater table; and (ii) the maximum calculated settlement, based on the 

calculations provided in BLE (2007).  From these two borings, it was observed that all the 

subsurface soils consist of sandy soils. Consistent with the calculations presented in BLE (2007), 

only elastic settlements were estimated at these locations. The immediate or elastic settlement, s, 

is estimated using the theory of elasticity and can be calculated using equations (1) and (2) 

below: 

 

s = ε . H     (1) 

ε = σ/E      (2) 

where  ε = strain, 

 H = layer thickness, 

 σ = stress, 

 E = Young’s modulus. 
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MATERIAL PROPERTIES 

The material properties of CCR comingled with MSW are discussed in Attachment B1: Slope 

Stability Analysis. Consistent with the discussion presented in Attachment B1, a sensitivity 

analysis was performed as part of this settlement analysis assuming a comingled CCR with 

MSW unit weight of 71.5 pounds per cubic feet (pcf).  The Young’s modulus of the subsurface 

soils at the two borings PZ-2 and PZ-19 was selected to be consistent with BLE (2007) 

(presented in Table B2-1). 

ANALYSIS RESULTS 

The maximum total subgrade settlement and separation of the liner from the groundwater table 

were estimated at soil borings PZ-2 and PZ-19. At PZ-2, the maximum subgrade settlement and 

separation of the liner from the groundwater table were estimated to be 0.3 feet and 5 feet, 

respectively, while at PZ-19 they were estimated to be 0.8 feet and 6 feet, respectively. The 

results are summarized in Table B2-1. The calculated settlement indicates that the minimum  

required separation distance of 5 feet between the liner and the groundwater table, per Solid 

Waste Management Rule 391-3-4-.07. Landfill Design and Operations, is met. 

CONCLUSIONS 

The maximum total subgrade settlement and separation of the liner from the groundwater table 

were evaluated taking into consideration that the landfill will allow for the disposal of comingled 

CCR and MSW (with maximum CCR to MSW ratio of 1:9, by weight). Settlements were 

evaluated at two soil borings, PZ-2 and PZ-19, located within the landfill footprint, that had the 

minimum separation to groundwater table and maximum calculated settlement, respectively, 

based on the calculations provided in BLE (2007). The calculated maximum settlement at the 

analyzed soil borings indicates that the minimum required separation distance of 5 feet between 

the liner and the groundwater table, per Solid Waste Management Rule 391-3-4-.07. Landfill 

Design and Operations, is met. Therefore, no modifications to the landfill design is required due 

to the acceptance of comingled CCR and MSW with maximum CCR to MSW ratio of 1:9, by 

weight. 

REFERENCES 

BLE (2007) Revised Report of Estimated Settlement. BLE Project Number J07-3958-08, 

Bunnell-Lammons Engineering, Inc. (Oct 2007). 
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Table B2-1.  Summary of Settlement Calculations 

 

Boring 

Number 
Soil Type 

Layer 

Thickness 

(feet) 

Surcharge 

Pressure[1] 

(psf) 

Soil 

Modulus[2] 

(ksf) 

Layer 

Settlement 

(feet) 

Groundwater 

Separation 

(feet) 

PZ-2 
Loose-Firm Silty Sand 30 4,658 470 

0.3 5 
Very Dense Silty Sand 5 4658 1250 

PZ-19 
Very Stiff Sandy Silt 16 10,597 720 

0.8 6 
Loose Silty Sand 24 10,597 470 

 

Notes: 

[1] Surcharge pressure assumes unit weight of comingled waste (maximum CCR to MSW ratio 

of 1:9, by weight) of 71.5 pcf. 

[2] Soil modulus obtained from BLE (2007). 

[3] Soil description and layer thickness obtained from BLE (2007). 
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ATTACHMENT B3 

LEACHATE COLLECTION AND REMOVAL SYSTEM 

DESIGN CALCULATIONS: MAXIMUM HEAD ON LINER SYSTEM & DRAINAGE 

EVALUATION 

 

INTRODUCTION 

The Guidance Document for Coal Combustion Residuals (CCR) Management Plans by Georgia 

Environmental Protection Division (EPD) dated 22 December 2016 requires that the CCR 

Management Plan must address landfill design considerations due to acceptance of CCR.  This 

includes design consistency on the leachate collection and removal system (LCRS) which requires 

maintaining its functionality and limiting the hydraulic head on the liner system geomembrane to 

a maximum of 30 cm under normal operating conditions. 

The permitted liner system for the Turkey Run Landfill includes an LCRS consisting of a drainage 

geocomposite (geonet drainage core with geotextile on both sides).  Hence, the maximum 

hydraulic head is required to be maintained within the thickness of the geonet drainage core (i.e., 

significantly less than 30 cm) to ensure that the drainage capacity of the geocomposite is not 

exceeded. 

HELP MODEL COMPUTATIONS 

The design calculations performed by Richardson Smith Gardner & Associates, Inc. (RSG), dated 

6 November 2007, as part of the permitted landfill design package (Permit No. 099-019 

D(MSWL)) [RSG, 2007], recommended a drainage geocomposite with a 0.25-inch thick geonet 

drainage core.  The Hydrologic Evaluation of Landfill Performance (HELP) model, Version 3.07 

[Schroeder, et al., 1994a; Schroeder, et al., 1994b] was used to estimate the maximum hydraulic 

head on the geomembrane component of the liner system to verify that the peak daily head that 

will be developed under a 25-year, 24-hour storm event for the site (i.e., 6.8 inches) would not 

exceed the thickness of the geonet drainage core.  Three conditions were considered in its 

evaluation: (i) Case 1 (Active Conditions) – a scenario consisting of 30 ft of waste in-place with 

12 inches of cover; (ii) Case 2 (Intermediate Conditions) – a scenario consisting of 100 ft of waste 

in-place with 12 inches of intermediate cover; and (iii) Case 3 (Final Conditions) – a scenario 

consisting of 250 ft of waste in-place with final cover. 

The design calculations performed by RSG assumed a saturated hydraulic conductivity of MSW 

equal to 1×10-3 cm/s.  The CCR Management Plan calls for the disposal of comingled CCR and 

MSW into the landfill with maximum CCR to MSW ratio of 1:9 (by weight).  The hydraulic 
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conductivity of CCR is very variable and depends on a number of factors (e.g., CCR type, nature 

of deposition, moisture content, etc.).  Fly ash, which typically consists of silt-size particles, is 

reported to have a saturated hydraulic conductivity ranging from 1×10-6 cm/s to 1×10-4 cm/s 

[EPRI, 2009; Ramme and Tharaniyil, 2013; Zhang, 2014].  Bottom ash, which typically consists 

of fine to coarse grained sand-size particles [EPRI, 2009], is more permeable and is reported to 

have a saturated hydraulic conductivity ranging from 1×10-3 cm/s to 1×10-1 cm/s [EPRI, 2009; 

Ramme and Tharaniyil, 2013; Zhang, 2014].  The CCR expected to be accepted at the Turkey Run 

Landfill may consist of fly ash or bottom ash or other ash contaminated soils and is therefore 

anticipated to be heterogenous.  MSW is also a heterogeneous material.  The comingling of CCR 

with MSW may result in the CCR particles filling voids within MSW and thereby rendering a less 

permeable waste mass.  However, given the relatively small quantity of CCR being comingled 

with MSW, the effect on reduction of the saturated hydraulic conductivity of the waste mass is 

anticipated to be minimal, if any.  To verify the effect of the anticipated reduction, if there is any, 

in the saturated hydraulic conductivity due to comingling of CCR and MSW, the HELP model 

runs performed by RSG for the three conditions were re-analyzed using a value for 

the saturated hydraulic conductivity of the waste layer (i.e., comingled CCR and MSW) equal to 

1×10-4 cm/s (i.e., an order of magnitude lower than the originally assumed value of 1×10-3 cm/s); 

all other parameters were kept the same.  Appendix B3-A presents the results of the revised HELP 

model runs.  As shown, for the three conditions, the calculated peak daily heads did not exceed the 

thickness of the geonet drainage core.  Hence, the LCRS would still be able to continue to maintain 

its functionality even when the landfill allows the disposal of comingled CCR and MSW (with 

maximum CCR to MSW ratio of 1:9, by weight) and limit the hydraulic head on the liner system 

geomembrane within the thickness of the geonet drainage core. 

Filter Geotextile Analysis 

The design calculations performed by RSG also demonstrated that the upper geotextile component 

of the proposed drainage geocomposite would be able to provide proper retention to protect the 

drainage media from piping and clogging from adjacent soil and also provide proper drainage from 

the adjacent soil.  Accordingly, the geotextile filtration properties were selected based on the up-

gradient soil gradation and plasticity.  In the design calculations, RSG assumed that the 24-inch 

thick protective soil cover above the drainage geocomposite will be silty sands and non-dispersive. 

This CCR Management Plan does not intend to modify the original specifications for the 24-inch 

thick protective soil cover.  Hence, no changes to the filter geotextile analysis performed by RSG 

are necessary.  Furthermore, this CCR Management Plan recommends that, prior to placement of 

comingled CCR and MSW (with maximum CCR to MSW ratio of 1:9, by weight) into the landfill, 
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a minimum 10-ft thick lift of select MSW without any CCR shall be placed on top of the 24-inch 

protective soil cover.  Gradation curves for typical fly ash are shown in Figure B3-1 [EPRI, 2012].  

As shown, the fly ash is typically in the silt-size range.  Therefore, with CCR gradation comparable 

to the gradation of a silty soil and the placement of select MSW layer above the protective soil 

cover as an added buffer, the geotextile component of the drainage geocomposite would still be 

able to provide proper retention and drainage even when the landfill allows the disposal of 

comingled CCR and MSW (with maximum CCR to MSW ratio of 1:9, by weight). 

Leachate Collection Pipe Capacity 

The design calculations performed by RSG also demonstrated that the proposed leachate collection 

pipes would be able to adequately accommodate the anticipated flow in the system and support 

the weight of the overlying waste.  RSG estimated the flow capacity of the proposed 8-inch 

diameter leachate collection pipe to be approximately 1.23 cfs, or 552 gpm. 

Based on the results of the HELP model runs presented in Appendix B3-A, for comingled CCR 

and MSW (with maximum CCR to MSW ratio of 1:9, by weight), the estimated maximum 

drainage collected from the drainage geocomposite is approximately 160.57 cubic feet per day per 

acre, or 1,202 gallons per day per acre (Case 1).  For the 32.71 acres of base liner where the greatest 

flow would be anticipated (as discussed by RSG), the maximum total flow is approximately 39,318 

gallons per day, or 27.3 gpm.  Hence, the proposed leachate collection pipes would be able to 

adequately accommodate the maximum flow in the system that is anticipated for comingled CCR 

and MSW (with maximum CCR to MSW ratio of 1:9, by weight) with a factor of safety of 20.2 

(i.e., 552gpm / 27.3 gpm = 20.2). 

SUMMARY AND CONCLUSIONS 

The LCRS would still be able to continue to maintain its functionality even when the landfill allows 

the disposal of comingled CCR and MSW (with maximum CCR to MSW ratio of 1:9, by weight) 

and limit the hydraulic head on the liner system geomembrane within the thickness of the geonet 

drainage core.  The design of the LCRS, therefore, would require no further changes and the LCRS 

would be able to handle the acceptance of comingled CCR and MSW.  Furthermore, the proposed 

leachate collection pipes would also be able to adequately accommodate the maximum flow in the 

system that is anticipated for comingled CCR and MSW. 
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Figure B3-1.  Fly Ash Particle Size Distribution [EPRI, 2012] 
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APPENDIX B3-A 
HELP MODEL OUTPUT 



 Page 1 
 

 ****************************************************************************** 
 ****************************************************************************** 
 ** ** 
 ** ** 
 ** HYDROLOGIC EVALUATION OF LANDFILL PERFORMANCE ** 
 ** HELP MODEL VERSION 3.07  (1 NOVEMBER 1997) ** 
 ** DEVELOPED BY ENVIRONMENTAL LABORATORY ** 
 ** USAE WATERWAYS EXPERIMENT STATION ** 
 ** FOR USEPA RISK REDUCTION ENGINEERING LABORATORY ** 
 ** ** 
 ** ** 
 ****************************************************************************** 
 ****************************************************************************** 

 PRECIPITATION DATA FILE:    C:\HELP\TRLRUN1.D4
 TEMPERATURE DATA FILE: C:\HELP\TRLRUN1.D7
 SOLAR RADIATION DATA FILE:  C:\HELP\TRLRUN1.D13
 EVAPOTRANSPIRATION DATA:    C:\HELP\TRLRUN1.D11
 SOIL AND DESIGN DATA FILE:  C:\HELP\TRLRUN1R.D10
 OUTPUT DATA FILE: C:\HELP\TRLRUN1R.OUT

 TIME:  15:59 DATE:   3/28/2017 

 ****************************************************************************** 

TITLE:  TURKEY RUN LANDFILL - 30' Waste w/ 12" Cover (Case 1)

 ****************************************************************************** 

NOTE:  INITIAL MOISTURE CONTENT OF THE LAYERS AND SNOW WATER WERE 
COMPUTED AS NEARLY STEADY-STATE VALUES BY THE PROGRAM. 

LAYER  1 
-------- 

TYPE 1 - VERTICAL PERCOLATION LAYER 
MATERIAL TEXTURE NUMBER  10 

THICKNESS = 12.00   INCHES 
POROSITY = 0.3980 VOL/VOL 
FIELD CAPACITY = 0.2440 VOL/VOL 
WILTING POINT = 0.1360 VOL/VOL 
INITIAL SOIL WATER CONTENT  = 0.2688 VOL/VOL 
EFFECTIVE SAT. HYD. COND.   =  0.119999997000E-03 CM/SEC 

NOTE:  SATURATED HYDRAULIC CONDUCTIVITY IS MULTIPLIED BY  3.00 
FOR ROOT CHANNELS IN TOP HALF OF EVAPORATIVE ZONE. 

LAYER  2 
-------- 

TYPE 1 - VERTICAL PERCOLATION LAYER 
MATERIAL TEXTURE NUMBER   0 

THICKNESS =    360.00   INCHES 
POROSITY = 0.6710 VOL/VOL 
FIELD CAPACITY = 0.2920 VOL/VOL 
WILTING POINT = 0.0770 VOL/VOL 
INITIAL SOIL WATER CONTENT  = 0.3021 VOL/VOL 
EFFECTIVE SAT. HYD. COND.   =  0.999999975000E-04 CM/SEC 

LAYER  3 
-------- 
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TYPE 1 - VERTICAL PERCOLATION LAYER 
MATERIAL TEXTURE NUMBER   1 

THICKNESS =     24.00   INCHES 
POROSITY = 0.4170 VOL/VOL 
FIELD CAPACITY = 0.0450 VOL/VOL 
WILTING POINT = 0.0180 VOL/VOL 
INITIAL SOIL WATER CONTENT  = 0.1047 VOL/VOL 
EFFECTIVE SAT. HYD. COND.   =  0.999999978000E-02 CM/SEC 

LAYER  4 
-------- 

TYPE 2 - LATERAL DRAINAGE LAYER 
MATERIAL TEXTURE NUMBER   0 

THICKNESS =      0.25   INCHES 
POROSITY = 0.8500 VOL/VOL 
FIELD CAPACITY = 0.0100 VOL/VOL 
WILTING POINT = 0.0050 VOL/VOL 
INITIAL SOIL WATER CONTENT  = 0.0214 VOL/VOL 
EFFECTIVE SAT. HYD. COND.   =   7.86999989000 CM/SEC 
SLOPE = 2.00   PERCENT 
DRAINAGE LENGTH =    300.0    FEET 

LAYER  5 
-------- 

TYPE 4 - FLEXIBLE MEMBRANE LINER 
MATERIAL TEXTURE NUMBER  35 

THICKNESS = 0.06   INCHES 
POROSITY = 0.0000 VOL/VOL 
FIELD CAPACITY = 0.0000 VOL/VOL 
WILTING POINT = 0.0000 VOL/VOL 
INITIAL SOIL WATER CONTENT  = 0.0000 VOL/VOL 
EFFECTIVE SAT. HYD. COND.   =  0.199999996000E-12 CM/SEC 
FML PINHOLE DENSITY = 0.00   HOLES/ACRE 
FML INSTALLATION DEFECTS    = 4.00   HOLES/ACRE 
FML PLACEMENT QUALITY =  3 - GOOD

LAYER  6 
-------- 

TYPE 3 - BARRIER SOIL LINER 
MATERIAL TEXTURE NUMBER  16 

THICKNESS = 24.00   INCHES 
POROSITY = 0.4270 VOL/VOL 
FIELD CAPACITY = 0.4180 VOL/VOL 
WILTING POINT = 0.3670 VOL/VOL 
INITIAL SOIL WATER CONTENT  = 0.4270 VOL/VOL 
EFFECTIVE SAT. HYD. COND.   =  0.100000001000E-06 CM/SEC 

GENERAL DESIGN AND EVAPORATIVE ZONE DATA 
---------------------------------------- 

NOTE:  SCS RUNOFF CURVE NUMBER WAS COMPUTED FROM DEFAULT 
SOIL DATA BASE USING SOIL TEXTURE #10 WITH BARE 
GROUND CONDITIONS, A SURFACE SLOPE OF  5.% AND 
A SLOPE LENGTH OF  300. FEET. 

SCS RUNOFF CURVE NUMBER = 94.00 
FRACTION OF AREA ALLOWING RUNOFF    =    100.0    PERCENT 
AREA PROJECTED ON HORIZONTAL PLANE  = 1.000  ACRES 
EVAPORATIVE ZONE DEPTH = 22.0    INCHES 
INITIAL WATER IN EVAPORATIVE ZONE   = 7.393  INCHES 
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         UPPER LIMIT OF EVAPORATIVE STORAGE  =     11.486  INCHES 
         LOWER LIMIT OF EVAPORATIVE STORAGE  =      2.402  INCHES 
         INITIAL SNOW WATER                  =      0.000  INCHES 
         INITIAL WATER IN LAYER MATERIALS    =    124.765  INCHES 
         TOTAL INITIAL WATER                 =    124.765  INCHES 
         TOTAL SUBSURFACE INFLOW             =      0.00   INCHES/YEAR 
 
 
                     EVAPOTRANSPIRATION AND WEATHER DATA  
                     ----------------------------------- 
 
          NOTE:  EVAPOTRANSPIRATION DATA WAS OBTAINED FROM 
                   MACON                 GEORGIA            
 
              STATION LATITUDE                       =  32.42 DEGREES 
              MAXIMUM LEAF AREA INDEX                =   2.00 
              START OF GROWING SEASON (JULIAN DATE)  =     61 
              END OF GROWING SEASON (JULIAN DATE)    =    330 
              EVAPORATIVE ZONE DEPTH                 =  22.0  INCHES 
              AVERAGE ANNUAL WIND SPEED              =   7.70 MPH 
              AVERAGE 1ST QUARTER RELATIVE HUMIDITY  =  69.00 % 
              AVERAGE 2ND QUARTER RELATIVE HUMIDITY  =  69.00 % 
              AVERAGE 3RD QUARTER RELATIVE HUMIDITY  =  77.00 % 
              AVERAGE 4TH QUARTER RELATIVE HUMIDITY  =  72.00 % 
 
 
          NOTE:  PRECIPITATION DATA FOR     ATLANTA             GEORGIA              
                   WAS ENTERED FROM THE DEFAULT DATA FILE. 
 
 
          NOTE:  TEMPERATURE DATA WAS SYNTHETICALLY GENERATED USING 
                   COEFFICIENTS FOR    MACON               GEORGIA              
 
              NORMAL MEAN MONTHLY TEMPERATURE (DEGREES FAHRENHEIT) 
 
      JAN/JUL     FEB/AUG     MAR/SEP     APR/OCT     MAY/NOV     JUN/DEC 
      -------     -------     -------     -------     -------     ------- 
       46.60       49.20       56.50       65.30       72.70       78.90 
       81.40       81.00       76.00       65.20       55.30       48.70 
 
 
          NOTE:  SOLAR RADIATION DATA WAS SYNTHETICALLY GENERATED USING 
                   COEFFICIENTS FOR    MACON               GEORGIA              
                     AND STATION LATITUDE  =  32.42 DEGREES 
 
 
******************************************************************************* 
  
          AVERAGE MONTHLY VALUES IN INCHES FOR YEARS 1974 THROUGH 1978 
 ------------------------------------------------------------------------------- 
  
                          JAN/JUL  FEB/AUG  MAR/SEP  APR/OCT  MAY/NOV  JUN/DEC 
                          -------  -------  -------  -------  -------  ------- 
   PRECIPITATION 
   ------------- 
     TOTALS                 6.16     3.94     6.21     2.94     4.96     3.39 
                            4.79     4.05     2.08     3.34     4.50     3.76 
  
     STD. DEVIATIONS        1.82     3.60     3.57     1.25     2.19     1.23 
                            2.28     2.33     1.81     1.90     1.47     0.98 
  
   RUNOFF 
   ------ 
     TOTALS                 2.326    1.045    1.896    0.678    1.109    0.465 
                            1.030    0.840    0.275    0.994    1.305    0.804 
  
     STD. DEVIATIONS        1.902    1.337    1.887    0.560    1.195    0.288 
                            0.616    0.626    0.417    0.923    1.033    0.454 
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   EVAPOTRANSPIRATION 
   ------------------ 
     TOTALS                 1.715    2.028    2.959    3.285    4.961    3.648 
                            3.315    3.355    1.895    1.465    1.130    1.234 
  
     STD. DEVIATIONS        0.159    0.376    0.274    0.546    0.917    1.073 
                            1.554    1.501    1.125    0.659    0.156    0.133 
  
   LATERAL DRAINAGE COLLECTED FROM LAYER  4 
   ---------------------------------------- 
     TOTALS                 0.5642   0.4079   0.2729   0.1196   0.1905   0.2618 
                            0.4038   0.7519   0.6982   0.6885   0.6343   0.6280 
  
     STD. DEVIATIONS        0.1346   0.0863   0.0226   0.0250   0.1237   0.2778 
                            0.2156   0.1435   0.1192   0.1128   0.0998   0.0966 
  
   PERCOLATION/LEAKAGE THROUGH LAYER  6 
   ------------------------------------ 
     TOTALS                 0.0000   0.0000   0.0000   0.0000   0.0000   0.0000 
                            0.0000   0.0000   0.0000   0.0000   0.0000   0.0000 
  
     STD. DEVIATIONS        0.0000   0.0000   0.0000   0.0000   0.0000   0.0000 
                            0.0000   0.0000   0.0000   0.0000   0.0000   0.0000 
  
 
 ------------------------------------------------------------------------------- 
                AVERAGES OF MONTHLY AVERAGED DAILY HEADS (INCHES) 
 ------------------------------------------------------------------------------- 
 
  
   DAILY AVERAGE HEAD ON TOP OF LAYER  5 
   ------------------------------------- 
     AVERAGES               0.0061   0.0049   0.0030   0.0013   0.0021   0.0029 
                            0.0044   0.0082   0.0078   0.0075   0.0071   0.0068 
  
     STD. DEVIATIONS        0.0015   0.0010   0.0002   0.0003   0.0013   0.0031 
                            0.0023   0.0016   0.0013   0.0012   0.0011   0.0010 
  
 ******************************************************************************* 
 
 
 ******************************************************************************* 
  
      AVERAGE ANNUAL TOTALS & (STD. DEVIATIONS) FOR YEARS 1974 THROUGH 1978 
 ------------------------------------------------------------------------------- 
                                      INCHES            CU. FEET       PERCENT 
                                -------------------   -------------   --------- 
  PRECIPITATION                  50.13    (   9.333)     181971.9     100.00 
  
  RUNOFF                         12.766   (  3.9269)      46339.75     25.465 
  
  EVAPOTRANSPIRATION             30.989   (  3.8803)     112488.62     61.816 
  
  LATERAL DRAINAGE COLLECTED      5.62166 (  0.92974)     20406.625   11.21416 
    FROM LAYER  4 
  
  PERCOLATION/LEAKAGE THROUGH     0.00001 (  0.00000)         0.035     0.00002 
    LAYER  6 
  
  AVERAGE HEAD ON TOP             0.005 (    0.001) 
    OF LAYER  5 
  
  CHANGE IN WATER STORAGE         0.754   (  3.6815)       2736.87      1.504 
  
 ******************************************************************************* 
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 ****************************************************************************** 
  
                 PEAK DAILY VALUES FOR YEARS 1974 THROUGH 1978 
    ------------------------------------------------------------------------ 
                                                 (INCHES)      (CU. FT.) 
                                                ----------   ------------- 
       PRECIPITATION                              6.80         24684.000 
  
       RUNOFF                                     5.353        19430.3262 
  
       DRAINAGE COLLECTED FROM LAYER  4           0.04424        160.57309 
  
       PERCOLATION/LEAKAGE THROUGH LAYER  6       0.000000         0.00021 
  
       AVERAGE HEAD ON TOP OF LAYER  5            0.015 
  
       MAXIMUM HEAD ON TOP OF LAYER  5            0.030 
 
       LOCATION OF MAXIMUM HEAD IN LAYER  4 
             (DISTANCE FROM DRAIN)                0.0 FEET 
  
       SNOW WATER                                 1.24          4514.7563 
  
 
       MAXIMUM VEG. SOIL WATER (VOL/VOL)                  0.3809 
  
       MINIMUM VEG. SOIL WATER (VOL/VOL)                  0.1092 
  
 
        ***  Maximum heads are computed using McEnroe's equations.  *** 
 
             Reference:  Maximum Saturated Depth over Landfill Liner 
                         by Bruce M. McEnroe, University of Kansas 
                         ASCE Journal of Environmental Engineering 
                         Vol. 119, No. 2, March 1993, pp. 262-270. 
 
****************************************************************************** 
 
 
****************************************************************************** 
  
                    FINAL WATER STORAGE AT END OF YEAR 1978 
     ---------------------------------------------------------------------- 
                     LAYER        (INCHES)       (VOL/VOL) 
                     -----        --------       --------- 
                       1            3.1860         0.2655 
 
                       2          112.4356         0.3123 
 
                       3            2.6575         0.1107 
 
                       4            0.0078         0.0311 
 
                       5            0.0000         0.0000 
 
                       6           10.2480         0.4270 
 
                   SNOW WATER       0.000 
  
 ****************************************************************************** 
 ****************************************************************************** 
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 ****************************************************************************** 
 ****************************************************************************** 
 **                                                                          ** 
 **                                                                          ** 
 **              HYDROLOGIC EVALUATION OF LANDFILL PERFORMANCE               ** 
 **                HELP MODEL VERSION 3.07  (1 NOVEMBER 1997)                ** 
 **                  DEVELOPED BY ENVIRONMENTAL LABORATORY                   ** 
 **                    USAE WATERWAYS EXPERIMENT STATION                     ** 
 **             FOR USEPA RISK REDUCTION ENGINEERING LABORATORY              ** 
 **                                                                          ** 
 **                                                                          ** 
 ****************************************************************************** 
 ****************************************************************************** 
 
 
 PRECIPITATION DATA FILE:    C:\HELP\TRLRUN2.D4                                 
 TEMPERATURE DATA FILE:      C:\HELP\TRLRUN2.D7                                 
 SOLAR RADIATION DATA FILE:  C:\HELP\TRLRUN2.D13                                
 EVAPOTRANSPIRATION DATA:    C:\HELP\TRLRUN2.D11                                
 SOIL AND DESIGN DATA FILE:  C:\HELP\TRLRUN2R.D10                               
 OUTPUT DATA FILE:           C:\HELP\TRLRUN2R.OUT                               
 
 
 TIME:  16: 5     DATE:   3/28/2017 
 
 
****************************************************************************** 
 
      TITLE:  TURKEY RUN LANDFILL - 100' Waste w/ 12" Cover (Case 2)       
 
 ****************************************************************************** 
 
 
      NOTE:  INITIAL MOISTURE CONTENT OF THE LAYERS AND SNOW WATER WERE 
               COMPUTED AS NEARLY STEADY-STATE VALUES BY THE PROGRAM. 
 
 
                                    LAYER  1 
                                    -------- 
 
                      TYPE 1 - VERTICAL PERCOLATION LAYER 
                          MATERIAL TEXTURE NUMBER  10 
            THICKNESS                   =     12.00   INCHES 
            POROSITY                    =      0.3980 VOL/VOL 
            FIELD CAPACITY              =      0.2440 VOL/VOL 
            WILTING POINT               =      0.1360 VOL/VOL 
            INITIAL SOIL WATER CONTENT  =      0.2688 VOL/VOL 
            EFFECTIVE SAT. HYD. COND.   =  0.119999997000E-03 CM/SEC 
          NOTE:  SATURATED HYDRAULIC CONDUCTIVITY IS MULTIPLIED BY  3.00 
                   FOR ROOT CHANNELS IN TOP HALF OF EVAPORATIVE ZONE. 
 
 
                                    LAYER  2 
                                    -------- 
 
                      TYPE 1 - VERTICAL PERCOLATION LAYER 
                          MATERIAL TEXTURE NUMBER   0 
            THICKNESS                   =   1200.00   INCHES 
            POROSITY                    =      0.6710 VOL/VOL 
            FIELD CAPACITY              =      0.2920 VOL/VOL 
            WILTING POINT               =      0.0770 VOL/VOL 
            INITIAL SOIL WATER CONTENT  =      0.2954 VOL/VOL 
            EFFECTIVE SAT. HYD. COND.   =  0.999999975000E-04 CM/SEC 
 
 
                                    LAYER  3 
                                    -------- 
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                      TYPE 1 - VERTICAL PERCOLATION LAYER 
                          MATERIAL TEXTURE NUMBER   1 
            THICKNESS                   =     24.00   INCHES 
            POROSITY                    =      0.4170 VOL/VOL 
            FIELD CAPACITY              =      0.0450 VOL/VOL 
            WILTING POINT               =      0.0180 VOL/VOL 
            INITIAL SOIL WATER CONTENT  =      0.1031 VOL/VOL 
            EFFECTIVE SAT. HYD. COND.   =  0.999999978000E-02 CM/SEC 
 
 
                                    LAYER  4 
                                    -------- 
 
                        TYPE 2 - LATERAL DRAINAGE LAYER 
                          MATERIAL TEXTURE NUMBER   0 
            THICKNESS                   =      0.25   INCHES 
            POROSITY                    =      0.8500 VOL/VOL 
            FIELD CAPACITY              =      0.0100 VOL/VOL 
            WILTING POINT               =      0.0050 VOL/VOL 
            INITIAL SOIL WATER CONTENT  =      0.0344 VOL/VOL 
            EFFECTIVE SAT. HYD. COND.   =   3.17000008000     CM/SEC 
            SLOPE                       =      2.00   PERCENT 
            DRAINAGE LENGTH             =    300.0    FEET 
 
 
                                    LAYER  5 
                                    -------- 
 
                        TYPE 4 - FLEXIBLE MEMBRANE LINER 
                          MATERIAL TEXTURE NUMBER  35 
            THICKNESS                   =      0.06   INCHES 
            POROSITY                    =      0.0000 VOL/VOL 
            FIELD CAPACITY              =      0.0000 VOL/VOL 
            WILTING POINT               =      0.0000 VOL/VOL 
            INITIAL SOIL WATER CONTENT  =      0.0000 VOL/VOL 
            EFFECTIVE SAT. HYD. COND.   =  0.199999996000E-12 CM/SEC 
            FML PINHOLE DENSITY         =      0.00   HOLES/ACRE 
            FML INSTALLATION DEFECTS    =      4.00   HOLES/ACRE 
            FML PLACEMENT QUALITY       =  3 - GOOD      
 
 
                                    LAYER  6 
                                    -------- 
 
                          TYPE 3 - BARRIER SOIL LINER 
                          MATERIAL TEXTURE NUMBER  16 
            THICKNESS                   =     24.00   INCHES 
            POROSITY                    =      0.4270 VOL/VOL 
            FIELD CAPACITY              =      0.4180 VOL/VOL 
            WILTING POINT               =      0.3670 VOL/VOL 
            INITIAL SOIL WATER CONTENT  =      0.4270 VOL/VOL 
            EFFECTIVE SAT. HYD. COND.   =  0.100000001000E-06 CM/SEC 
 
 
                    GENERAL DESIGN AND EVAPORATIVE ZONE DATA 
                    ---------------------------------------- 
 
          NOTE:  SCS RUNOFF CURVE NUMBER WAS COMPUTED FROM DEFAULT 
                   SOIL DATA BASE USING SOIL TEXTURE #10 WITH BARE 
                   GROUND CONDITIONS, A SURFACE SLOPE OF  5.% AND 
                   A SLOPE LENGTH OF  300. FEET. 
 
         SCS RUNOFF CURVE NUMBER             =     94.00 
         FRACTION OF AREA ALLOWING RUNOFF    =    100.0    PERCENT 
         AREA PROJECTED ON HORIZONTAL PLANE  =      1.000  ACRES 
         EVAPORATIVE ZONE DEPTH              =     22.0    INCHES 
         INITIAL WATER IN EVAPORATIVE ZONE   =      7.393  INCHES 
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         UPPER LIMIT OF EVAPORATIVE STORAGE  =     11.486  INCHES 
         LOWER LIMIT OF EVAPORATIVE STORAGE  =      2.402  INCHES 
         INITIAL SNOW WATER                  =      0.000  INCHES 
         INITIAL WATER IN LAYER MATERIALS    =    370.494  INCHES 
         TOTAL INITIAL WATER                 =    370.494  INCHES 
         TOTAL SUBSURFACE INFLOW             =      0.00   INCHES/YEAR 
 
 
                     EVAPOTRANSPIRATION AND WEATHER DATA  
                     ----------------------------------- 
 
          NOTE:  EVAPOTRANSPIRATION DATA WAS OBTAINED FROM 
                   MACON                 GEORGIA            
 
              STATION LATITUDE                       =  32.42 DEGREES 
              MAXIMUM LEAF AREA INDEX                =   2.00 
              START OF GROWING SEASON (JULIAN DATE)  =     61 
              END OF GROWING SEASON (JULIAN DATE)    =    330 
              EVAPORATIVE ZONE DEPTH                 =  22.0  INCHES 
              AVERAGE ANNUAL WIND SPEED              =   7.70 MPH 
              AVERAGE 1ST QUARTER RELATIVE HUMIDITY  =  69.00 % 
              AVERAGE 2ND QUARTER RELATIVE HUMIDITY  =  69.00 % 
              AVERAGE 3RD QUARTER RELATIVE HUMIDITY  =  77.00 % 
              AVERAGE 4TH QUARTER RELATIVE HUMIDITY  =  72.00 % 
 
 
          NOTE:  PRECIPITATION DATA FOR     ATLANTA             GEORGIA              
                   WAS ENTERED FROM THE DEFAULT DATA FILE. 
 
 
          NOTE:  TEMPERATURE DATA WAS SYNTHETICALLY GENERATED USING 
                   COEFFICIENTS FOR    MACON               GEORGIA              
 
              NORMAL MEAN MONTHLY TEMPERATURE (DEGREES FAHRENHEIT) 
 
      JAN/JUL     FEB/AUG     MAR/SEP     APR/OCT     MAY/NOV     JUN/DEC 
      -------     -------     -------     -------     -------     ------- 
       46.60       49.20       56.50       65.30       72.70       78.90 
       81.40       81.00       76.00       65.20       55.30       48.70 
 
 
          NOTE:  SOLAR RADIATION DATA WAS SYNTHETICALLY GENERATED USING 
                   COEFFICIENTS FOR    MACON               GEORGIA              
                     AND STATION LATITUDE  =  32.42 DEGREES 
 
 
******************************************************************************* 
  
          AVERAGE MONTHLY VALUES IN INCHES FOR YEARS 1974 THROUGH 1978 
 ------------------------------------------------------------------------------- 
  
                          JAN/JUL  FEB/AUG  MAR/SEP  APR/OCT  MAY/NOV  JUN/DEC 
                          -------  -------  -------  -------  -------  ------- 
   PRECIPITATION 
   ------------- 
     TOTALS                 6.16     3.94     6.21     2.94     4.96     3.39 
                            4.79     4.05     2.08     3.34     4.50     3.76 
  
     STD. DEVIATIONS        1.82     3.60     3.57     1.25     2.19     1.23 
                            2.28     2.33     1.81     1.90     1.47     0.98 
  
   RUNOFF 
   ------ 
     TOTALS                 2.326    1.045    1.896    0.678    1.109    0.465 
                            1.030    0.840    0.275    0.994    1.305    0.804 
  
     STD. DEVIATIONS        1.902    1.337    1.887    0.560    1.195    0.288 
                            0.616    0.626    0.417    0.923    1.033    0.454 
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   EVAPOTRANSPIRATION 
   ------------------ 
     TOTALS                 1.715    2.028    2.959    3.285    4.961    3.648 
                            3.315    3.355    1.895    1.465    1.130    1.234 
  
     STD. DEVIATIONS        0.159    0.376    0.274    0.546    0.917    1.073 
                            1.554    1.501    1.125    0.659    0.156    0.133 
  
   LATERAL DRAINAGE COLLECTED FROM LAYER  4 
   ---------------------------------------- 
     TOTALS                 0.4235   0.3580   0.2213   0.1042   0.0960   0.0992 
                            0.1331   0.1951   0.4080   0.4420   0.4270   0.4396 
  
     STD. DEVIATIONS        0.0674   0.0721   0.0094   0.0210   0.0333   0.0393 
                            0.1946   0.1750   0.0583   0.0513   0.0482   0.0542 
  
   PERCOLATION/LEAKAGE THROUGH LAYER  6 
   ------------------------------------ 
     TOTALS                 0.0000   0.0000   0.0000   0.0000   0.0000   0.0000 
                            0.0000   0.0000   0.0000   0.0000   0.0000   0.0000 
  
     STD. DEVIATIONS        0.0000   0.0000   0.0000   0.0000   0.0000   0.0000 
                            0.0000   0.0000   0.0000   0.0000   0.0000   0.0000 
  
 
 ------------------------------------------------------------------------------- 
                AVERAGES OF MONTHLY AVERAGED DAILY HEADS (INCHES) 
 ------------------------------------------------------------------------------- 
 
  
   DAILY AVERAGE HEAD ON TOP OF LAYER  5 
   ------------------------------------- 
     AVERAGES               0.0114   0.0106   0.0060   0.0029   0.0026   0.0028 
                            0.0036   0.0053   0.0114   0.0119   0.0119   0.0118 
  
     STD. DEVIATIONS        0.0018   0.0021   0.0003   0.0006   0.0009   0.0011 
                            0.0052   0.0047   0.0016   0.0014   0.0013   0.0015 
  
 ******************************************************************************* 
 
 
 ******************************************************************************* 
  
      AVERAGE ANNUAL TOTALS & (STD. DEVIATIONS) FOR YEARS 1974 THROUGH 1978 
 ------------------------------------------------------------------------------- 
                                      INCHES            CU. FEET       PERCENT 
                                -------------------   -------------   --------- 
  PRECIPITATION                  50.13    (   9.333)     181971.9     100.00 
  
  RUNOFF                         12.766   (  3.9269)      46339.75     25.465 
  
  EVAPOTRANSPIRATION             30.989   (  3.8803)     112488.62     61.816 
  
  LATERAL DRAINAGE COLLECTED      3.34692 (  0.52627)     12149.336    6.67649 
    FROM LAYER  4 
  
  PERCOLATION/LEAKAGE THROUGH     0.00001 (  0.00000)         0.045     0.00002 
    LAYER  6 
  
  AVERAGE HEAD ON TOP             0.008 (    0.001) 
    OF LAYER  5 
  
  CHANGE IN WATER STORAGE         3.029   (  3.7763)      10994.11      6.042 
  
 ******************************************************************************* 
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****************************************************************************** 
  
                 PEAK DAILY VALUES FOR YEARS 1974 THROUGH 1978 
    ------------------------------------------------------------------------ 
                                                 (INCHES)      (CU. FT.) 
                                                ----------   ------------- 
       PRECIPITATION                              6.80         24684.000 
  
       RUNOFF                                     5.353        19430.3262 
  
       DRAINAGE COLLECTED FROM LAYER  4           0.02984        108.32829 
  
       PERCOLATION/LEAKAGE THROUGH LAYER  6       0.000000         0.00032 
  
       AVERAGE HEAD ON TOP OF LAYER  5            0.025 
  
       MAXIMUM HEAD ON TOP OF LAYER  5            0.050 
 
       LOCATION OF MAXIMUM HEAD IN LAYER  4 
             (DISTANCE FROM DRAIN)                0.0 FEET 
  
       SNOW WATER                                 1.24          4514.7563 
  
 
       MAXIMUM VEG. SOIL WATER (VOL/VOL)                  0.3809 
  
       MINIMUM VEG. SOIL WATER (VOL/VOL)                  0.1092 
  
 
        ***  Maximum heads are computed using McEnroe's equations.  *** 
 
             Reference:  Maximum Saturated Depth over Landfill Liner 
                         by Bruce M. McEnroe, University of Kansas 
                         ASCE Journal of Environmental Engineering 
                         Vol. 119, No. 2, March 1993, pp. 262-270. 
 
****************************************************************************** 
 
 
****************************************************************************** 
  
                    FINAL WATER STORAGE AT END OF YEAR 1978 
     ---------------------------------------------------------------------- 
                     LAYER        (INCHES)       (VOL/VOL) 
                     -----        --------       --------- 
                       1            3.1860         0.2655 
 
                       2          369.5950         0.3080 
 
                       3            2.5954         0.1081 
 
                       4            0.0132         0.0530 
 
                       5            0.0000         0.0000 
 
                       6           10.2480         0.4270 
 
                   SNOW WATER       0.000 
  
 ****************************************************************************** 
 ****************************************************************************** 
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 ****************************************************************************** 
 ****************************************************************************** 
 **                                                                          ** 
 **                                                                          ** 
 **              HYDROLOGIC EVALUATION OF LANDFILL PERFORMANCE               ** 
 **                HELP MODEL VERSION 3.07  (1 NOVEMBER 1997)                ** 
 **                  DEVELOPED BY ENVIRONMENTAL LABORATORY                   ** 
 **                    USAE WATERWAYS EXPERIMENT STATION                     ** 
 **             FOR USEPA RISK REDUCTION ENGINEERING LABORATORY              ** 
 **                                                                          ** 
 **                                                                          ** 
 ****************************************************************************** 
 ****************************************************************************** 
 
 
 PRECIPITATION DATA FILE:    C:\HELP\TRLRUN3.D4                                 
 TEMPERATURE DATA FILE:      C:\HELP\TRLRUN3.D7                                 
 SOLAR RADIATION DATA FILE:  C:\HELP\TRLRUN3.D13                                
 EVAPOTRANSPIRATION DATA:    C:\HELP\TRLRUN3.D11                                
 SOIL AND DESIGN DATA FILE:  C:\HELP\TRLRUN3R.D10                               
 OUTPUT DATA FILE:           C:\HELP\TRLRUN3R.OUT                               
 
 
 TIME:  16: 9     DATE:   3/28/2017 
 
 
****************************************************************************** 
 
      TITLE:  TURKEY RUN LANDFILL - 250' Waste w/ Final Cover (Case 3)     
 
 ****************************************************************************** 
 
 
      NOTE:  INITIAL MOISTURE CONTENT OF THE LAYERS AND SNOW WATER WERE 
               COMPUTED AS NEARLY STEADY-STATE VALUES BY THE PROGRAM. 
 
 
                                    LAYER  1 
                                    -------- 
 
                      TYPE 1 - VERTICAL PERCOLATION LAYER 
                          MATERIAL TEXTURE NUMBER  10 
            THICKNESS                   =     24.00   INCHES 
            POROSITY                    =      0.3980 VOL/VOL 
            FIELD CAPACITY              =      0.2440 VOL/VOL 
            WILTING POINT               =      0.1360 VOL/VOL 
            INITIAL SOIL WATER CONTENT  =      0.2929 VOL/VOL 
            EFFECTIVE SAT. HYD. COND.   =  0.119999997000E-03 CM/SEC 
          NOTE:  SATURATED HYDRAULIC CONDUCTIVITY IS MULTIPLIED BY  3.00 
                   FOR ROOT CHANNELS IN TOP HALF OF EVAPORATIVE ZONE. 
 
 
                                    LAYER  2 
                                    -------- 
 
                        TYPE 2 - LATERAL DRAINAGE LAYER 
                          MATERIAL TEXTURE NUMBER  20 
            THICKNESS                   =      0.25   INCHES 
            POROSITY                    =      0.8500 VOL/VOL 
            FIELD CAPACITY              =      0.0100 VOL/VOL 
            WILTING POINT               =      0.0050 VOL/VOL 
            INITIAL SOIL WATER CONTENT  =      0.0176 VOL/VOL 
            EFFECTIVE SAT. HYD. COND.   =   10.0000000000     CM/SEC 
            SLOPE                       =     33.00   PERCENT 
            DRAINAGE LENGTH             =    150.0    FEET 
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                                    LAYER  3 
                                    -------- 
 
                        TYPE 4 - FLEXIBLE MEMBRANE LINER 
                          MATERIAL TEXTURE NUMBER  36 
            THICKNESS                   =      0.04   INCHES 
            POROSITY                    =      0.0000 VOL/VOL 
            FIELD CAPACITY              =      0.0000 VOL/VOL 
            WILTING POINT               =      0.0000 VOL/VOL 
            INITIAL SOIL WATER CONTENT  =      0.0000 VOL/VOL 
            EFFECTIVE SAT. HYD. COND.   =  0.399999993000E-12 CM/SEC 
            FML PINHOLE DENSITY         =      1.00   HOLES/ACRE 
            FML INSTALLATION DEFECTS    =      8.00   HOLES/ACRE 
            FML PLACEMENT QUALITY       =  3 - GOOD      
 
 
                                    LAYER  4 
                                    -------- 
 
                          TYPE 3 - BARRIER SOIL LINER 
                          MATERIAL TEXTURE NUMBER   0 
            THICKNESS                   =     18.00   INCHES 
            POROSITY                    =      0.4190 VOL/VOL 
            FIELD CAPACITY              =      0.3070 VOL/VOL 
            WILTING POINT               =      0.1800 VOL/VOL 
            INITIAL SOIL WATER CONTENT  =      0.4190 VOL/VOL 
            EFFECTIVE SAT. HYD. COND.   =  0.999999975000E-05 CM/SEC 
 
 
                                    LAYER  5 
                                    -------- 
 
                      TYPE 1 - VERTICAL PERCOLATION LAYER 
                          MATERIAL TEXTURE NUMBER   0 
            THICKNESS                   =   3000.00   INCHES 
            POROSITY                    =      0.6710 VOL/VOL 
            FIELD CAPACITY              =      0.2920 VOL/VOL 
            WILTING POINT               =      0.0770 VOL/VOL 
            INITIAL SOIL WATER CONTENT  =      0.2920 VOL/VOL 
            EFFECTIVE SAT. HYD. COND.   =  0.999999975000E-04 CM/SEC 
 
 
                                    LAYER  6 
                                    -------- 
 
                      TYPE 1 - VERTICAL PERCOLATION LAYER 
                          MATERIAL TEXTURE NUMBER   1 
            THICKNESS                   =     24.00   INCHES 
            POROSITY                    =      0.4170 VOL/VOL 
            FIELD CAPACITY              =      0.0450 VOL/VOL 
            WILTING POINT               =      0.0180 VOL/VOL 
            INITIAL SOIL WATER CONTENT  =      0.0450 VOL/VOL 
            EFFECTIVE SAT. HYD. COND.   =  0.999999978000E-02 CM/SEC 
 
 
                                    LAYER  7 
                                    -------- 
 
                        TYPE 2 - LATERAL DRAINAGE LAYER 
                          MATERIAL TEXTURE NUMBER   0 
            THICKNESS                   =      0.25   INCHES 
            POROSITY                    =      0.8500 VOL/VOL 
            FIELD CAPACITY              =      0.0100 VOL/VOL 
            WILTING POINT               =      0.0050 VOL/VOL 
            INITIAL SOIL WATER CONTENT  =      0.0100 VOL/VOL 
            EFFECTIVE SAT. HYD. COND.   =  0.409999996000     CM/SEC 
            SLOPE                       =      2.00   PERCENT 
            DRAINAGE LENGTH             =    300.0    FEET 
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                                    LAYER  8 
                                    -------- 
 
                        TYPE 4 - FLEXIBLE MEMBRANE LINER 
                          MATERIAL TEXTURE NUMBER  35 
            THICKNESS                   =      0.06   INCHES 
            POROSITY                    =      0.0000 VOL/VOL 
            FIELD CAPACITY              =      0.0000 VOL/VOL 
            WILTING POINT               =      0.0000 VOL/VOL 
            INITIAL SOIL WATER CONTENT  =      0.0000 VOL/VOL 
            EFFECTIVE SAT. HYD. COND.   =  0.199999996000E-12 CM/SEC 
            FML PINHOLE DENSITY         =      0.00   HOLES/ACRE 
            FML INSTALLATION DEFECTS    =      4.00   HOLES/ACRE 
            FML PLACEMENT QUALITY       =  3 - GOOD      
 
 
                                    LAYER  9 
                                    -------- 
 
                          TYPE 3 - BARRIER SOIL LINER 
                          MATERIAL TEXTURE NUMBER  16 
            THICKNESS                   =     24.00   INCHES 
            POROSITY                    =      0.4270 VOL/VOL 
            FIELD CAPACITY              =      0.4180 VOL/VOL 
            WILTING POINT               =      0.3670 VOL/VOL 
            INITIAL SOIL WATER CONTENT  =      0.4270 VOL/VOL 
            EFFECTIVE SAT. HYD. COND.   =  0.100000001000E-06 CM/SEC 
 
 
                    GENERAL DESIGN AND EVAPORATIVE ZONE DATA 
                    ---------------------------------------- 
 
          NOTE:  SCS RUNOFF CURVE NUMBER WAS COMPUTED FROM DEFAULT 
                   SOIL DATA BASE USING SOIL TEXTURE #10 WITH A 
                   FAIR STAND OF GRASS, A SURFACE SLOPE OF 33.% 
                   AND A SLOPE LENGTH OF  150. FEET. 
 
         SCS RUNOFF CURVE NUMBER             =     87.20 
         FRACTION OF AREA ALLOWING RUNOFF    =    100.0    PERCENT 
         AREA PROJECTED ON HORIZONTAL PLANE  =      1.000  ACRES 
         EVAPORATIVE ZONE DEPTH              =     22.0    INCHES 
         INITIAL WATER IN EVAPORATIVE ZONE   =      6.379  INCHES 
         UPPER LIMIT OF EVAPORATIVE STORAGE  =      8.756  INCHES 
         LOWER LIMIT OF EVAPORATIVE STORAGE  =      2.992  INCHES 
         INITIAL SNOW WATER                  =      0.000  INCHES 
         INITIAL WATER IN LAYER MATERIALS    =    901.907  INCHES 
         TOTAL INITIAL WATER                 =    901.907  INCHES 
         TOTAL SUBSURFACE INFLOW             =      0.00   INCHES/YEAR 
 
 
                     EVAPOTRANSPIRATION AND WEATHER DATA  
                     ----------------------------------- 
 
          NOTE:  EVAPOTRANSPIRATION DATA WAS OBTAINED FROM 
                   MACON                 GEORGIA            
 
              STATION LATITUDE                       =  32.42 DEGREES 
              MAXIMUM LEAF AREA INDEX                =   2.00 
              START OF GROWING SEASON (JULIAN DATE)  =     61 
              END OF GROWING SEASON (JULIAN DATE)    =    330 
              EVAPORATIVE ZONE DEPTH                 =  22.0  INCHES 
              AVERAGE ANNUAL WIND SPEED              =   7.70 MPH 
              AVERAGE 1ST QUARTER RELATIVE HUMIDITY  =  69.00 % 
              AVERAGE 2ND QUARTER RELATIVE HUMIDITY  =  69.00 % 
              AVERAGE 3RD QUARTER RELATIVE HUMIDITY  =  77.00 % 
              AVERAGE 4TH QUARTER RELATIVE HUMIDITY  =  72.00 % 
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          NOTE:  PRECIPITATION DATA FOR     ATLANTA             GEORGIA              
                   WAS ENTERED FROM THE DEFAULT DATA FILE. 
 
 
          NOTE:  TEMPERATURE DATA WAS SYNTHETICALLY GENERATED USING 
                   COEFFICIENTS FOR    MACON               GEORGIA              
 
              NORMAL MEAN MONTHLY TEMPERATURE (DEGREES FAHRENHEIT) 
 
      JAN/JUL     FEB/AUG     MAR/SEP     APR/OCT     MAY/NOV     JUN/DEC 
      -------     -------     -------     -------     -------     ------- 
       46.60       49.20       56.50       65.30       72.70       78.90 
       81.40       81.00       76.00       65.20       55.30       48.70 
 
 
          NOTE:  SOLAR RADIATION DATA WAS SYNTHETICALLY GENERATED USING 
                   COEFFICIENTS FOR    MACON               GEORGIA              
                     AND STATION LATITUDE  =  32.42 DEGREES 
 
 
 ******************************************************************************* 
  
          AVERAGE MONTHLY VALUES IN INCHES FOR YEARS 1974 THROUGH 1978 
 ------------------------------------------------------------------------------- 
  
                          JAN/JUL  FEB/AUG  MAR/SEP  APR/OCT  MAY/NOV  JUN/DEC 
                          -------  -------  -------  -------  -------  ------- 
   PRECIPITATION 
   ------------- 
     TOTALS                 6.16     3.94     6.21     2.94     4.96     3.39 
                            4.79     4.05     2.08     3.34     4.50     3.76 
  
     STD. DEVIATIONS        1.82     3.60     3.57     1.25     2.19     1.23 
                            2.28     2.33     1.81     1.90     1.47     0.98 
  
   RUNOFF 
   ------ 
     TOTALS                 1.322    0.428    0.985    0.222    0.393    0.107 
                            0.284    0.281    0.062    0.374    0.665    0.247 
  
     STD. DEVIATIONS        1.565    0.663    1.281    0.277    0.570    0.100 
                            0.263    0.329    0.096    0.449    0.877    0.194 
  
   EVAPOTRANSPIRATION 
   ------------------ 
     TOTALS                 1.831    2.047    3.082    3.404    4.635    4.036 
                            3.731    3.984    2.149    1.495    1.173    1.346 
  
     STD. DEVIATIONS        0.109    0.446    0.278    0.662    1.259    1.019 
                            1.654    1.676    1.435    0.656    0.113    0.108 
  
   LATERAL DRAINAGE COLLECTED FROM LAYER  2 
   ---------------------------------------- 
     TOTALS                 3.6908   2.1185   1.5962   0.9366   0.0397   0.0082 
                            0.0930   0.0651   0.0062   0.3629   1.0786   1.9733 
  
     STD. DEVIATIONS        0.9219   2.3415   1.4957   0.6203   0.0835   0.0075 
                            0.1760   0.1004   0.0069   0.5227   1.4657   1.1578 
  
   PERCOLATION/LEAKAGE THROUGH LAYER  4 
   ------------------------------------ 
     TOTALS                 0.0000   0.0000   0.0000   0.0000   0.0000   0.0000 
                            0.0000   0.0000   0.0000   0.0000   0.0000   0.0000 
  
     STD. DEVIATIONS        0.0000   0.0000   0.0000   0.0000   0.0000   0.0000 
                            0.0000   0.0000   0.0000   0.0000   0.0000   0.0000 
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   LATERAL DRAINAGE COLLECTED FROM LAYER  7 
   ---------------------------------------- 
     TOTALS                 0.0000   0.0000   0.0000   0.0000   0.0000   0.0000 
                            0.0000   0.0000   0.0000   0.0000   0.0000   0.0000 
  
     STD. DEVIATIONS        0.0000   0.0000   0.0000   0.0000   0.0000   0.0000 
                            0.0000   0.0000   0.0000   0.0000   0.0000   0.0000 
  
   PERCOLATION/LEAKAGE THROUGH LAYER  9 
   ------------------------------------ 
     TOTALS                 0.0000   0.0000   0.0000   0.0000   0.0000   0.0000 
                            0.0000   0.0000   0.0000   0.0000   0.0000   0.0000 
  
     STD. DEVIATIONS        0.0000   0.0000   0.0000   0.0000   0.0000   0.0000 
                            0.0000   0.0000   0.0000   0.0000   0.0000   0.0000 
  
 
 ------------------------------------------------------------------------------- 
                AVERAGES OF MONTHLY AVERAGED DAILY HEADS (INCHES) 
 ------------------------------------------------------------------------------- 
 
  
   DAILY AVERAGE HEAD ON TOP OF LAYER  3 
   ------------------------------------- 
     AVERAGES               0.0011   0.0007   0.0005   0.0003   0.0000   0.0000 
                            0.0000   0.0000   0.0000   0.0001   0.0003   0.0006 
  
     STD. DEVIATIONS        0.0003   0.0007   0.0004   0.0002   0.0000   0.0000 
                            0.0001   0.0000   0.0000   0.0002   0.0004   0.0003 
  
   DAILY AVERAGE HEAD ON TOP OF LAYER  8 
   ------------------------------------- 
     AVERAGES               0.0000   0.0000   0.0000   0.0000   0.0000   0.0000 
                            0.0000   0.0000   0.0000   0.0000   0.0000   0.0000 
  
     STD. DEVIATIONS        0.0000   0.0000   0.0000   0.0000   0.0000   0.0000 
                            0.0000   0.0000   0.0000   0.0000   0.0000   0.0000 
  
 ******************************************************************************* 
 
 
 ******************************************************************************* 
  
      AVERAGE ANNUAL TOTALS & (STD. DEVIATIONS) FOR YEARS 1974 THROUGH 1978 
 ------------------------------------------------------------------------------- 
                                      INCHES            CU. FEET       PERCENT 
                                -------------------   -------------   --------- 
  PRECIPITATION                  50.13    (   9.333)     181971.9     100.00 
  
  RUNOFF                          5.369   (  2.8244)      19489.59     10.710 
  
  EVAPOTRANSPIRATION             32.911   (  3.9484)     119466.68     65.651 
  
  LATERAL DRAINAGE COLLECTED     11.96908 (  4.61522)     43447.762   23.87608 
    FROM LAYER  2 
  
  PERCOLATION/LEAKAGE THROUGH     0.00003 (  0.00001)         0.119     0.00007 
    LAYER  4 
  
  AVERAGE HEAD ON TOP             0.000 (    0.000) 
    OF LAYER  3 
  
  LATERAL DRAINAGE COLLECTED      0.00003 (  0.00001)         0.114    0.00006 
    FROM LAYER  7 
  
  PERCOLATION/LEAKAGE THROUGH     0.00000 (  0.00000)         0.006     0.00000 
    LAYER  9 
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  AVERAGE HEAD ON TOP             0.000 (    0.000) 
    OF LAYER  8 
  
  CHANGE IN WATER STORAGE        -0.119   (  0.7080)       -432.30     -0.238 
  
 ******************************************************************************* 
 
 
****************************************************************************** 
  
                 PEAK DAILY VALUES FOR YEARS 1974 THROUGH 1978 
    ------------------------------------------------------------------------ 
                                                 (INCHES)      (CU. FT.) 
                                                ----------   ------------- 
       PRECIPITATION                              6.80         24684.000 
  
       RUNOFF                                     3.986        14468.7168 
  
       DRAINAGE COLLECTED FROM LAYER  2           0.88296       3205.14136 
  
       PERCOLATION/LEAKAGE THROUGH LAYER  4       0.000002         0.00673 
  
       AVERAGE HEAD ON TOP OF LAYER  3            0.008 
  
       MAXIMUM HEAD ON TOP OF LAYER  3            0.030 
 
       LOCATION OF MAXIMUM HEAD IN LAYER  2 
             (DISTANCE FROM DRAIN)                0.0 FEET 
  
       DRAINAGE COLLECTED FROM LAYER  7           0.00000          0.00767 
  
       PERCOLATION/LEAKAGE THROUGH LAYER  9       0.000000         0.00003 
  
       AVERAGE HEAD ON TOP OF LAYER  8            0.000 
  
       MAXIMUM HEAD ON TOP OF LAYER  8            0.007 
 
       LOCATION OF MAXIMUM HEAD IN LAYER  7 
             (DISTANCE FROM DRAIN)                0.0 FEET 
  
       SNOW WATER                                 1.24          4514.7563 
  
 
       MAXIMUM VEG. SOIL WATER (VOL/VOL)                  0.3548 
  
       MINIMUM VEG. SOIL WATER (VOL/VOL)                  0.1360 
  
 
        ***  Maximum heads are computed using McEnroe's equations.  *** 
 
             Reference:  Maximum Saturated Depth over Landfill Liner 
                         by Bruce M. McEnroe, University of Kansas 
                         ASCE Journal of Environmental Engineering 
                         Vol. 119, No. 2, March 1993, pp. 262-270. 
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 ****************************************************************************** 
 
 
****************************************************************************** 
  
                    FINAL WATER STORAGE AT END OF YEAR 1978 
     ---------------------------------------------------------------------- 
                     LAYER        (INCHES)       (VOL/VOL) 
                     -----        --------       --------- 
                       1            6.4371         0.2682 
 
                       2            0.0026         0.0104 
 
                       3            0.0000         0.0000 
 
                       4            7.5420         0.4190 
 
                       5          875.9999         0.2920 
 
                       6            1.0800         0.0450 
 
                       7            0.0025         0.0100 
 
                       8            0.0000         0.0000 
 
                       9           10.2480         0.4270 
 
                   SNOW WATER       0.000 
  
 ****************************************************************************** 
 ****************************************************************************** 
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ATTACHMENT B4 

LEACHATE COLLECTION AND REMOVAL SYSTEM 

DESIGN CALCULATIONS: PIPE STRUCTURAL STABILITY 

 

INTRODUCTION 

The Guidance Document for Coal Combustion Residuals (CCR) Management Plans by Georgia 

Environmental Protection Division (EPD) dated 22 December 2016 requires that the CCR 

Management Plan must address landfill design considerations due to acceptance of CCR.  This 

includes design consistency on the leachate collection and removal system (LCRS) which requires 

that its pipes must able to support the weight of the comingled CCR and MSW, without damage. 

PIPE STRUCTURAL STABILITY 

The design calculations performed by Richardson Smith Gardner & Associates, Inc. (RSG), dated 

6 November 2007, as part of the permitted landfill design package (Permit No. 099-019 

D(MSWL)) [RSG, 2007], recommended an 8-inch diameter, high density polyethylene (HDPE) 

SDR-11 leachate collection pipes.  To ensure the structural stability of the pipes, wall crushing and 

wall buckling of the leachate collection pipes were evaluated by RSG. 

Under a total depth of 295 ft (i.e., 3.5 ft of final cover and 291.5 ft of waste), RSG have 

demonstrated that the SDR-11 pipe proposed for the leachate collection pipes would be able to 

support the overburden load and would be able to withstand wall crushing and wall buckling with 

adequate factors of safety.  In the design calculations, RSG assumed a waste unit weight of 70 pcf.  

As discussed in Attachment B1 of the CCR Management Plan, the estimated unit weight of 

comingled CCR and MSW (with maximum CCR to MSW ratio of 1:9, by weight) is approximately 

71.5 pcf.  Hence, the design calculations performed by RSG were updated using the revised unit 

weight (see Appendix B4-A). 

As shown in the marked-up RSG calculations presented in Appendix B4-A, the leachate collection 

pipes would be able to support the weight of comingled CCR and MSW (with maximum CCR to 

MSW ratio of 1:9, by weight) with adequate factors of safety. 

SUMMARY AND CONCLUSIONS 

The proposed leachate collection pipes would be able support the weight of the comingled CCR 

and MSW (with maximum CCR to MSW ratio of 1:9, by weight) with adequate factors of safety. 

REFERENCES  

RSG, 2007. Leachate Collection/Protective Cover System Evaluation, Turkey Run MSW Landfill, 

Richardson Smith Gardner & Associates, Inc. (6 November 2007). 
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APPENDIX B4-A 
UPDATES TO RSG (2007) CALCULATIONS
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COAL COMBUSTION RESIDUALS (CCR) LINER SYSTEM COMPATIBILITY 

ANALYSIS 

 

INTRODUCTION 

Georgia Environmental Protection Division (EPD) guidance document for Coal Combustion 

Residuals (CCR) Management Plans states that the CCR Management Plan must address landfill 

design considerations to account for of acceptance of CCR. The CCR Management Plan is 

requested to demonstrate that the liner system of the landfill is designed to account for chemical 

exposure to CCR-generated leachate.  A demonstration on the chemical compatibility of the liner 

system components to CCR-generated leachate is described below. 

LINER SYSTEM COMPONENTS AT TURKEY RUN LANDFILL 

The geosynthetic components of the liner system at Turkey Run Landfill consist of (from bottom 

to top) (i) reinforced geosynthetic clay liner (GCL); (ii) high density polyethylene (HDPE) 

geomembrane liner; and (iii) drainage geocomposite. Chemical compatibility of the GCL, HDPE 

geomembrane, geotextile components of the GCL and the drainage geocomposite, and the geonet 

componenet of the drainage geocomposite is described below. The liner system at the Turkey Run 

Landfill also consists of a compacted clay liner underneath the reinforced GCL. The compacted 

clay component of the liner system has not been evaluated here as the compacted clay is not 

anticipated to react adversely with the CCR-generated leachate.  

CHEMICAL COMPATIBILITY OF THE GCL 

GCL Composition 

GCLs consist of a thin layer of clay (i.e., bentonite) typically sandwiched between two geotextiles.  

GCLs were developed as an alternative to compacted clay liners – normally specified as a low 

permeability hydraulic barrier (Gates et al., 2009).  The most common composition of the clay 

layer in a GCL is sodium (Na) bentonite (Petrov and Rowe, 1997; Jo et al., 2005; Rauen and 

Benson, 2008).  The bentonite is generally composed of at least 70% montmorillonite (Jo et al., 

2004).  Bentonites containing high montmorillonite content are the most desirable in the 

production of GCLs.  The swelling characteristics of montmorillonite-rich bentonites promote 

lower hydraulic conductivity.   



 

 Page 2 of 15 

        

Prepared by: Z. Islam Date: 3/30/2017 Reviewed by: M. Saadi Date: 4/4/2017 

 

Client: Waste 

Management 

Project: Turkey Run Landfill CCR 

Management Plan 

Project No.: GR6304 Phase No.: 02/01 

        

 

GR6304/GR6304_Attachment C_Liner System Compatibility Analysis.docx April 2017 

GCL Hydraulic Conductivity 

The performance of GCLs as hydraulic barriers depends on the hydraulic conductivity of the 

bentonite layer.  As previously stated, the most common composition of the clay layer in a GCL 

is sodium-bentonite containing at least 70% montmorillonite.  Montmorillonite is characterized by 

large specific surface and large net negative charge (Mitchel, 1993), resulting in high adsorption 

of hydrated cations as well as water molecules.  These hydrated cations and water molecules 

comprise a significant fraction of the pore space and are essentially immobile (Mitchell, 1993, 

Shackelford et al., 2000), resulting in consistently low hydraulic conductivity, i.e., ≤ 10-8 cm/s 

(Shackelford et al., 2000) to water. 

 

The replacement of sodium in the exchange complex of sodium-bentonite with other ions directly 

affects the thickness of the diffuse double layer (DDL), thereby affecting swelling and hydraulic 

conductivity of bentonite in GCLs (Shackelford et al., 2000).  Specifically, the Na+ exchange for 

multivalent cations (e.g., Ca+2) reduces the osmotic swell (Jo et al., 2004), resulting in the 

contraction of the interlayer region and increase of inter-particle flow paths, increasing hydraulic 

conductivity (Shackelford et al., 2000; Rauen and Benson, 2008; Benson and Meer, 2009).  This 

section presents the effects of multivalent cations on the hydraulic conductivity.  Specifically, the 

ratio between monovalent and multivalent cation concentration in the permeant liquid is discussed. 

 

Effect of Cationic Concentration 

Cationic concentration can be used to distinguish between dilute (e.g., water) and non-standard 

permeating solutions (e.g., leachate), directly affecting hydraulic conductivity.  Changes in 

hydraulic conductivity are directly related to the rate at which cation exchange occurs, that is, 

higher concentrations yield faster changes.  This occurs because more cations are available for 

exchange in addition to larger concentration gradient between the permeant liquid and the 

interlayer space (Jo et al. 2004).  The cationic strength (Ic) of a permeating liquid provides a 

measure of the concentration of the positively charged ions in the solution and is defined as follows 

(Rauen and Benson, 2008): 

𝐼𝑐 =  
1

2
∑ 𝐶𝑖𝑍𝑖

2  (C-1) 

Where C is the molar concentration of the cation and Z is the valence of the cation. 

When the concentration of cations in the permeant liquid increases, the concentration gradient 

induced by the elevated concentration in the permeant liquid causes water to move out of the 

interlayer region (Jo et al., 2001).  Additionally, the thickness of the DDL decreases, reducing the 
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swell volume.  Consequently, the pore space available for flow increases, increasing hydraulic 

conductivity (Shackelford et al. 2000).  Generally, the hydraulic conductivity of a GCL permeated 

with a high cation concentration solution is higher than a GCL permeated with a dilute solution so 

long as hydration conditions and stress levels are maintained the same (Shackelford et al., 2000; 

Benson and Meer, 2009). 

Effect of Cation Valence 

The ratio between monovalent and divalent (multivalent) cations (RMD) in the permeating liquid 

provides a measure of the relative abundance of monovalent and multivalent cations, defined as 

follows (Rauen and Benson, 2008; Benson and Meer, 2009): 

 

d

m

M

M
RMD   (C-2) 

where Mm is the total molarity of monovalent cations and Md is the molarity of divalent 

(multivalent) cations in the permeating solution. 

 

Based on Equation (C-2), higher RMD values characterize permeating solutions with an 

abundance of monovalent cations while lower RMD values are characteristic of solutions having 

greater abundance of multivalent cations.  Kolstad et al. (2004) conducted several long term 

hydraulic conductivity tests with multiple multivalent salt solutions to study the effects of leachate 

chemistry on GCL performance.  Based on the test results correlations were estimated between a 

GCL’s hydraulic conductivity, ionic strength (Ic), and the ratio of monovalent to divalent ions 

(RMD) in the leachate. Their results show that hydraulic conductivity increases with the increase 

of ionic strength of the permeant and decreases with the increase of RMD of the permeant.  Benson 

(2014) provided a summary of industrial liquids and leachates for various sources, including CCR 

leachates as a function of RMD and cationic strength. The data provided by Benson (2014) was 

compiled with an empirical model developed by Kolstad et al. (2004), and used to estimate the 

hydraulic conductivity of standard GCLs as a function of cationic strength and RMD to an 

inorganic chemical solution. Figure C-1 presents the data presented by Benson (2014) combined 

with the model from Kolstad et al. (2004). It can be seen that the majority of the MSW and CCR 

leachate resulted hydraulic conductivity values of less than 10-8 cm/s. 

 

No site-specific leachate data was available to compare the data presented in Figure C-1.  However, 

data provided by Waste Management (WM) for another landfill site accepting CCR from the same 

CCR generating company and disposing of the CCR in a monofill cell was utilized.  The cationic 

strength was calculated to be 12.08 mM for the leachate of that site.  Based on the leachate data of 

WM’s other landfill site and the monovalent cation data presented in Table C-2 for different ash 

leachates (monovalent cation data was not available from WM’s other landfill site), the cationic 
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strength and RMD values were calculated to be 13.4 mM and 13.4 M1/2, respectively. Comparing 

these values with the data presented in Figure C-1, the hydraulic conductivity of the GCL is 

predicted to be less than 10-9 cm/s.  

 

It is noted that the above analysis is performed assuming leachate generation from CCR only. The 

Turkey Run Landfill is expected to be accepting CCR and comingling with municipal solid waste 

(MSW) with a maximum CCR to MSW ratio of 1:9, by weight. Therefore, it is noted that the above 

analysis is conservative. It is further noted that the hydraulic conductivity of the reinforced GCL 

in the permitted Design and Operations (D&O) Plan for the landfill is required to be less than  

5.3 x 10-9 cm/s. Based on the above analysis, the hydraulic conductivity of the reinforced GCL at 

the Turkey Run Landfill is expected to be less than 10-9 cm/s and is therefore consistent with the 

currently permitted design considerations and will not require any design changes to the GCL 

component.  

 

 

CHEMICAL COMPATIBILITY OF THE HDPE GEOMEMBRANE 

No site-specific chemical characteristics of leachate were available.  The chemical compatibility 

of the HDPE geomembrane liner, i.e., the resistance of the geomembrane to chemical degradation, 

is evaluated by assessing the typical chemical characteristics of leachate from other CCR 

containment facilities, followed by evaluating the resistance of HDPE geomembranes to 

degradation by liquids with these chemical characteristics. 

Chemical Characteristics of Leachates from CCR Containment Facilities 

CCR leachates typically contain a range of inorganic constituents and have a neutral to alkaline 

pH (Electric Power Research Institute [EPRI], 2006).  EPRI (1998) presents the results of a field 

and laboratory study of the constituents leached from CCR in landfills and surface impoundments.  

The chemical composition data for porewater (leachate) from 125 core samples collected at eight 

active CCR landfills is presented in Table C-1 (EPRI, 1998).  The CCR had been generated from 

combustion of various types of coal.  A subsequent study by EPRI (2006) includes chemistry data 

from 13 landfills and 15 surface impoundments in the U.S.A.  Samples from facilities that did not 

contain flue gas desulfurization (FGD) waste were classified as ash leachate, otherwise the samples 

were classified as FGD leachate.  Ash and FGD leachate constituent data from the EPRI (2006) 

report are summarized in Table C-2. Transition metals presented at the highest concentrations in 

CCR and FGD leachates in the two EPRI studies are iron, manganese, and molybdenum. It is 

noted, however, that FGD will not be accepted at the Turkey Run Landfill facility and therefore 

the chemical characteristics of FGD leachate are not applicable for the purpose of this analysis.  
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Overview of Chemical Compatibility of HDPE Geomembrane 

HDPE geomembranes consist of, by weight percentage, 96% to 97% polyethylene resin, 2% to 

3% carbon black, and approximately 0.5% to 1% antioxidants.  Polyethylene used for producing 

geomembranes is essentially chemically inert (Apse, 1989) and does not undergo a change in its 

molecular structure with organic chemicals such as solvents (USEPA, 1988).  Carbon black is 

added to HDPE geomembranes to reduce penetration of ultraviolet light into the HDPE polymeric 

compound.  Antioxidants are also added to prevent polymer degradation during processing and to 

extend their service life by delaying polymer degradation caused by oxidation reactions (Hsuan 

and Koerner, 1998).  

The reaction of HDPE geomembranes with chemicals has probably been studied more than any 

other liner degradation mechanism (Koerner et al., 1990; Rowe et al., 2009; Rowe et al., 2010a,b).  

In accelerated chemical compatibility testing of geomembranes conducted in the laboratory and in 

field investigations of geomembranes that have been installed as long as several decades, 

polyethylene geomembranes have been found to have good resistance to a wide variety of 

chemicals, including aliphatic and aromatic hydrocarbons, chlorinated and oxygenated solvents, 

crude petroleum solvents, alcohols, organic and inorganic acids, heavy metals, and salts 

(Matrecon, Inc., 1988; Hsuan et al., 1991; Brady et al., 1994; Eith and Koerner, 1998; Koerner and 

Hsuan, 2002; Sangam and Rowe, 2002; Koerner, 2005; Rowe et al., 2010b).     

For HDPE geomembranes, the primary degradation mechanisms from chemical exposure is 

oxidative degradation. With respect to oxidative degradation, HDPE generally does not react with 

most chemicals because it does not have reactive sites.  In addition, HDPE is non-polar and thus 

does not react readily with polar substances such as water, other inorganic chemicals, and some 

organic chemicals, such as acetone (Scheirs, 2009).  HDPE is relatively inert in both acidic and 

basic environments, with the exception of oxidizing acids at high concentrations (e.g., sulfuric acid 

at a concentration greater than 70% (pH of 0.3) (Brydson, 1999; Scheirs, 2009).  Further, Rowe et 

al. (2008) examined the effects of pH on HDPE geomembrane degradation by immersing 

geomembrane specimens in simulated leachate and distilled water with pHs of 4, 6, 8, and 10 at 

185°F for approximately 4.5 months. Their results show no significant difference in antioxidant 

depletion time for samples in simulated leachate and distilled water over the considered pH range.   

Compatibility of HDPE Geomembrane with Transition Metals 

Transition metals can catalyze abiotic oxidation of polyethylene, resulting in a product that is more 

susceptible to biodegradation (Corti et al., 2010; Roy et al., 2011; Zheng et al., 2005).  However, 

transition metals are not commonly found in landfill leachates at concentrations that typically 

cause chemical compatibility issues.  In immersion testing of HDPE geomembrane with different 
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leachates, including some that included transition metals in a trace metal solution with a total 

concentration greater than 3,000 mg/L, Rowe et al. (2008) found the presence of transition metals 

to have little or no effect on the rate of antioxidant depletion.  

Compatibility of HDPE Geomembrane with CCR Leachate 

It is noted that the above analysis is performed assuming leachate generation from only CCR. The 

Turkey Run Landfill will be accepting CCR and comingling with MSW with a maximum CCR to 

MSW ratio of 1:9, by weight. Therefore, the chemical characteristics of the leachate will be more 

pronounced for MSW than for CCR and therefore the analysis is conservative.  

 

Based on the extensive chemical compatibility studies that have been conducted with HDPE 

materials and leachates, the HDPE geomembrane liner used at the Turkey Run Landfill is expected 

to be chemically compatible with the leachate generated in the landfill.  Furthermore, the expected 

pH of the CCR leachate is much higher than 0.3.  Thus, it is not a strong acid, which could 

accelerate oxidative degradation of HDPE.  Lastly, based on the chemical composition data for 

CCR leachates summarized in Tables C-1 and C-2, the concentrations of transition metals in the 

CCR leachate are expected to be low (i.e., typically concentration less than 500 mg/L) and less 

than those that could potentially cause transition metal-related degradation of the HDPE 

geomembrane. Therefore, the HDPE geomembrane liner is concluded to be chemically compatible 

with the leachate for the Turkey Run Landfill. 

 

 

CHEMICAL COMPATIBILITY OF THE GEOTEXTILE COMPONENT OF THE GCL 

AND THE DRAINAGE GEOCOMPOSITE 

The degradation of geotextile is generally evaluated by conducting laboratory tests. Several 

researchers performed laboratory tests to assess potential degradation of geotextiles due to 

oxidation or chemical interaction. Hsuan (2000) reported data on oxidation degradation of 

polyolefin geotextiles at oxygen concentrations of 8% and 20% and at temperatures of 70°C and 

80°C. At an oxygen concentration of 8% (which is the typical oxygen concentration in water), the 

geotextile tensile strength did not decrease within 475 days of exposure. For buried liner 

applications, oxygen content is expected to be low (estimated by Hsuan [2000] to be less than 8%) 

and the temperature is expected to be lower than 15°C. Therefore, it may be assumed that 

degradation of the geotextile due to oxidation will not be significant. SI Geosolutions has 

performed several studies (e.g., Boschuk [1993] and Narejo [1995]) on the compatibility of 

polypropylene nonwoven geotextiles with leachate. Laboratory immersion tests were conducted 

at elevated temperatures (50oC) to accelerate behavior. Variables such as temperature, moisture, 

and oxygen content were controlled in the lab and samples were removed at 30-, 60-, 90-, and 120-

day intervals. The results show reductions in the puncture, tear, and tensile strengths of the 
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geotextiles were not significant after 120 days at 50oC.  The leachate generated at the Turkey Run 

Landfill due to comingling of CCR and MSW with a maximum CCR to MSW ratio of 1:9, by 

weight, is not expected to be more aggressive than typical MSW leachate in terms of oxidative 

degradation and chemical interaction. Therefore, the geotextile component of the GCL and the 

drainage geocomposite is anticipated to perform as designed. 

 

CHEMICAL COMPATIBILITY OF THE GEONET COMPONENT OF THE DRAINAGE 

GEOCOMPOSITE 

The geonet component of the drainage geocomposite is made of HDPE. HDPE is generally 

resistant to CCR leachate as discussed above. Therefore, the geonet component of the drainage 

geocomposite is anticipated to work as designed at the Turkey Run Landfill. 

CONCLUSIONS 

The compatibility of the geosynthetic components of liner system with CCR-generated leachate at 

the Turkey Run Landfill was evaluated.  It is concluded that no adverse effects are anticipated on 

the liner system geosynthetic components due to leachate generated from comingling of CCR and 

MSW (with a maximum CCR to MSW ratio of 1:9, by weight) and that the liner system 

components at the Turkey Run Landfill will perform their intended function as designed. 
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Table C-1.  Chemical Composition of Porewater Samples from Eight CCR Landfills 

(modified from EPRI, 1998) 

 

Aluminum mg/L ND 763 29.1 1.5 113.8 102 11%

Arsenic mg/L ND 5.126 0.308 0.039 0.653 119 31%

Barium mg/L ND 12.10 0.24 0.10 1.10 123 26%

Boron mg/L ND 173.0 12.8 3.4 25.2 125 5%

Bromide mg/L ND 50.49 6.02 1.00 9.75 64 27%

Cadmium mg/L ND 0.40 0.062 0.008 0.097 105 68%

Calcium mg/L 2.8 1318 414 503 276 124 0%

Chloride mg/L 0.32 1384 77.1 12.0 176.4 123 0%

Chromium mg/L ND 6.72 0.211 0.069 0.810 112 52%

Copper mg/L ND 5.780 0.204 0.025 0.683 105 53%

Fluoride mg/L ND 3.9 1.228 1.010 1.030 86 42%

Iron mg/L ND 2540 267.6 0.20 615 93 35%

Lead mg/L ND 0.039 0.006 0.005 0.006 68 75%

Magnesium mg/L ND 614.5 48.9 8.0 85.5 123 8%

Manganese mg/L ND 24.0 2.433 0.026 5.044 110 34%

Molybdenum mg/L ND 6.7 1.4 1.0 1.6 105 50%

Nickel mg/L ND 8.40 0.423 0.043 1.147 103 36%

Nitrate mg/L ND 26.40 2.947 0.862 4.701 123 33%

Nitrite mg/L ND 5.082 0.714 0.600 0.819 101 94%

Phosphate mg/L ND 1.84 0.81 0.25 2.24 64 95%

Potassium mg/L ND 1436 107.1 35.3 235.6 116 3%

Selenium mg/L ND 4.930 0.308 0.053 0.746 65 22%

Silicon mg/L ND 84.10 13.11 5.58 16.78 119 3%

Silver mg/L ND ND ND ND ND 50 100%

Sodium mg/L ND 2875 200 46 396 123 2%

Strontium mg/L 0.122 54.10 6.463 5.825 5.953 123 0%

Sulfate mg/L 1.68 12567 2220 1611 2209 125 0%

Sulfite mg/L ND 47.97 7.06 1.50 9.51 88 80%

Vanadium mg/L ND 1.360 0.161 0.122 0.184 64 6%

Zinc mg/L ND 40.0 0.909 0.052 4.120 109 50%

pH SU 2.80 12.57 NA NA NA 125 0%

Eh mV -72.8 684 NA NA NA 106 0%

NOTES:

1.) Transition metals are shown in italics.

2.) SU denotes Standard Units, mg/L denotes milligrams per liter, mV denotes millivolts.

3.) ND denotes Not Detected; NA indicates Not Available

Std. 

Deviation

No. of 

Samples

% of ND 

Samples
Parameter Units Minimum Maximum Mean Median
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Table C-2.  Chemical Composition of Ash and FGD Leachates from 13 CCR Landfills and 

15 Surface Impoundments (modified from EPRI, 2006) 

 
Note: As noted earlier, FGD will not be accepted at the Turkey Run Landfill facility and therefore the chemical 

characteristics of FGD leachate indicated in Table C-2 are not applicable for the purpose of this analysis. 
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Figure C-1. Hydraulic conductivity contours as a function of RMD and cationic strength 

(Kolstad et al., 2004) and plot of corresponding cationic strength and RMD for various 

leachates (Benson, 2014). 
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WASTE COMPATIBILITY ANALYSIS 

 

INTRODUCTION 

Georgia Environmental Protection Division (EPD) guidance document for Coal Combustion 

Residuals (CCR) Management Plans requires that the CCR Management Plan must address landfill 

design considerations to account for acceptance of CCR. The CCR Management Plan is requested 

to demonstrate that CCR waste is compatible with municipal solid waste (MSW) received at the 

facility, and that different CCR waste streams received are compatible with one another.  A 

demonstration on the CCR waste compatibility at the Turkey Run Landfill is provided below.  

SOURCES OF CCR WASTE STREAMS 

Turkey Run Landfill has been receiving CCR from Southern Company. Based on the generator 

provided information for profiling of CCR accepted at the landfill, the composition of CCR 

consists of ash, coal, soils, and plant life. The enlisted processes from which the CCR material was 

generated, as described in the profile, include “Maintenance and Cleaning of Boilers, Buildings, 

Coal and Ash Handling Equipment and Facilities, Coal Piles and Grounds”. 

CHEMICAL ANALYSIS OF CCR WASTE STREAMS 

CCR is generally produced from the burning of coal in coal-fired power plants.  Different types of 

coal ash are produced based on the mineral components of the coal and the combustion technique 

used, for example, fly ash, bottom ash, flue gas desulfurization (FGD) material, boiler slag, etc. 

Fly ash is a fine powdered ferroaluminosilicate material trapped via a particulate control device in 

the chimney or stack of plants fired with coal. Bottom ash is a coarse and angular material and is 

too large to be carried in flue gas. FGD material is a natural gypsum-like product obtained from 

the process of reducing sulfur dioxide emissions from a coal-fired boiler. It is noted, however, that 

FGD will not be accepted at the Turkey Run Landfill facility and therefore is not considered further 

in this analysis. Boiler slag material is hard and glassy, and collected at the base of the slag tap and 

cyclone type furnaces. 

 

The properties of CCR depend on different factors, for example, coal source and quality, 

combustion process, degree of weathering, particle size and age of the ash, etc.  No site-specific 

chemical analysis was conducted on the CCR that is being received at the Turkey Run Landfill.  

However, generally, more than 90% of fly ash, bottom ash, and boiler slag is made up of silicon, 

aluminum, iron, and calcium in their oxide form (EPRI, 2009). Marginal constituents, for example, 
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magnesium, potassium, sodium, titanium, and sulphur make up approximately 8% of the mineral 

component of these ashes, on the other hand, trace constituents such as arsenic, cadmium, lead, 

mercury, and selenium, together account for less than 1% of the total composition (EPRI, 2009). 

Table D-1 shows the typical range of constituents concentrations in fly ash and bottom ash.   

 

Based on the comparative concentration of silicon dioxide, aluminum oxide, and iron oxide in 

coal, American Society for Testing and Materials (ASTM) classified coal combustion products 

into two classes: Class C and Class F.  Class F ash contains more than 70% by weight of silicon 

dioxide, aluminum oxide, and iron oxide and has pozzolanic properties (Thomas, 2007). On the 

other hand, Class C ash generally contains 50–70% by weight of silicon dioxide, aluminum oxide, 

and iron oxide and has some self-cementing properties in addition to pozzolanic properties 

(Thomas, 2007).  Class C ash is produced from burning younger lignite or sub-bituminous coal 

and Class F ash is produced from burning harder, older anthracite, and bituminous coal.  

 

CCR-MSW REACTIVITY 

It is noted that the Turkey Run Landfill will be accepting CCR and comingling with MSW with a 

maximum CCR to MSW ratio of 1:9, by weight. This maximum ratio reflects a relatively small 

quantity of CCR being comingled with MSW.  It is further noted that the Turkey Run Landfill will 

not be accepting FGD material.  

The power plants, from which Turkey Run Landfill is accepting CCR, generate both Class C and 

Class F fly ash.  Both Class C and Class F fly ashes gain strength when they come in contact with 

water, but the strength gain happens slower in Class F ash compared to Class C ash.  The gaining 

of strength is beneficial to the overall stability of the waste mass in a landfill.  The reaction between 

fly ash constituents and water can generate heat depending on the type, quantity, and disposal 

method in a landfill. The generation of heat can be measured via landfill gas temperature 

monitoring.  No excessively high temperatures were measured during the routine landfill gas 

temperature monitoring at the Turkey Run Landfill.  Waste Management will be vigilant for higher 

observed temperature in landfill gas.  If high temperature is noticed in the future during landfill 

gas monitoring, the cause of the high temperature will be evaluated and necessary measures will 

be taken if the cause is found to be related to addition of CCR in the landfill. 

CONCLUSIONS 

It is concluded that the CCR waste streams received at the Turkey Run Landfill are anticipated to 

be compatible with the MSW and that different CCR waste streams currently received at the site 

are anticipated to be compatible with each other based on observations of no reactivity, no 
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excessive temperatures, and no excessive odors due to the site operations.  Furthermore, the Design 

and Operation (D&O) Plan for the landfill has been modified (Section 3 on Sheet 32 of Attachment 

A) to include narrative for CCR Waste Characterization and Compatibility. As stated in the 

narrative “If operations indicate CCR reactivity with MSW, bulk samples of CCR from each source 

will be obtained for characterization and compatibility. Typically, samples will be tested for 

Toxicity Characteristic Leaching Procedure (TCLP) 8 RCRA metals by SW-846 Method 1311 and 

a Paint Filter Test by SW-845 Method 9095, or current equivalent method. Other analysis may be 

conducted as requested by Waste Management Technical Service Center.”  

 

It is noted that the Turkey Run Landfill will be accepting CCR with a maximum CCR to MSW 

ratio of 1:9, by weight. The low percentage of CCR compared to the MSW, is anticipated to have 

negligible to no adverse effects on the overall waste properties at the landfill.    

 

REFERENCES 

EPRI (2009). “Coal Ash: Characteristics, Management and Environmental issues”, EPRI Report 

1019022, Electric Power Research Institute, 11 pp. 

Thomas, M. (2007). “Optimizing the Use of Fly Ash in Concrete”, Portland Cement Association. 
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Table D-1. Element Concentrations (mg/kg) in Fly Ash and Bottom Ash  

(modified from EPRI, 2009) 
 

Element Fly Ash1  Bottom Ash1 

Aluminum 70,000–140,000 59,000–130,000 

Calcium 7,400–150,000 5,700–150,000 

Iron 34,000–130,000 40,000–160,000 

Silicon 160,000–270,000 160,000–280,000 

Magnesium 3,900–23,000 3,400–17,000 

Potassium 6,200–21,000 4,600–18,000 

Sodium 1,700–17,000 1,600–11,000 

Sulphur 1,900–34,000 BDL–15,000 

Titanium 4,300–9,000 4,100–7,200 

Antimony BDL2–16 All BDL 

Arsenic 22–260 2.6–21 

Barium 380–5100 380–3600 

Beryllium 2.2 - 26 0.21–14 

Boron 120–1000 BDL–335 

Cadmium BDL–3.7 All BDL 

Chromium 27–300 51–1100 

Copper 62–220 39–120 

Lead 21–230 8.1–53 

Manganese 91–700 85–890 

Mercury 0.01–0.51 BDL–0.07 

Molybdenum 9.0–60 3.8–27 

Nickel 47–230 39–440 

Selenium 1.8–18 BDL–4.2 

Strontium 270–3100 270–2000 

Thallium BDL–45 All BDL 

Uranium BDL–19 BDL–16 

Vanadium BDL–360 BDL–250 

Zinc 63–680 16–370 

 

Notes: 
(1) Source for most fly ash and bottom ash data is EPRI CP-INFO Database. Beryllium, thallium, mercury (bottom ash only) 

and boron (bottom ash only) are from the EPRI PISCES Database 

(2) BDL = Below Detection Limit 
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1. BACKGROUND 

Turkey Run MSW Landfill (Turkey Run) is located at 7144 Lone Oak Road, 

Hogansville, GA (Meriwether County).  Greenbow, LLC (Greenbow) received approval 

of solid waste Permit No. 099-19D(MSWL) for Turkey Run on December 21, 2007.  

On February 8, 2008, Greenbow applied for an air permit and later received the 

construction and operating Permit No. 4953-199-0025-E-01-0 (effective June 3, 2008).  

Since these permits were issued, Greenbow has been purchased and is now a wholly 

owned subsidiary of Waste Management.  The maximum design capacity was reported 

as  31,190,847 cubic yards (yd
3
) in the March 2008 Initial Design Capacity report.  

Since the landfill was constructed after May 30, 1991 and has a design capacity that 

exceeds 2.5 million m
3
 and 2.5 million Mg, the Landfill is subject to federal New 

Source Performance Standards (NSPS) for MSW landfills (Subpart WWW). 

 

2. INTRODUCTION 

Permit condition 7.12 of Air Quality Permit No. 4953-199-0025-E-OI-0 requires the 

development of a Dust Suppression Plan to control fugitive emissions addressed in 

condition 3.1 and 3.2 of the Permit.  This document was developed to meet the 

requirements of the Dust Suppression Plan as mentioned above.  If recordkeeping is 

required for a specific dust control measure, it is noted in the text.  Example record 

keeping forms are included in Appendix A. 

 

3. DUST CONTROL MEASURES 

Precautions will be taken to prevent dust from becoming airborne.   

3.1 General Erosion Control 

Clearing and grading activities will be limited to the current phase of waste cell areas, 

borrow areas, stockpile areas, site facility areas (i.e. administration and operational 

buildings onsite), road and pond construction and leachate collection system 

installation.   

   Recordkeeping Required: None 



 

 

Dust Suppression Plan Turkey Run.doc 2  

3.2 Cover Erosion Control 

Intermediate and final cover areas left exposed and inactive shall be covered on the 

following schedule: 

• Vegetation/grass –shall take place within two weeks after the final cover is 

completed. 

• Temporary vegetation/grass – shall take place within 90 days if used as 

intermediate cover. 

   Recordkeeping Required: None  

3.3 Roads 

Gravel, Asphalt or concrete will be used to pave the entrance and perimeter roads to 

maintain dust control.   

   Recordkeeping Required: None  

3.4 Watering 

Active access roads will be sprayed with water by a water truck as needed. 

   Recordkeeping Required: Water Truck Log 

3.5 Equipment 

A water truck will be available onsite for watering as needed for dust suppression.   

   Recordkeeping Required: None  

3.6 Speed Limit 

Maximum speed limit signs will be posted on main entrance road and primary access 

roads for waste hauling and construction vehicles.    

   Recordkeeping Required: None  



 

 

 

 

 

APPENDIX A 

 

Water Truck Log



 

 

 

 

 

TURKEY RUN LANDFILL WATER TRUCK LOG 

 

Date Applied 

(water/polymer) 

Driver’s Initials Active Access Roads 

Example: 

1/31/2010 
water A.K.M Entrance and II. 
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Emergency Stand Down Flyer  



 

 

South Atlantic  

Post Collection Emergency Stand Down Procedure 

Purpose 

To establish a standard operational protocol structured to stop all workface 
activity with specific actions required by all personnel. This stand down procedure 
is intended to  provide a means to prevent accidents and injuries without verbal 

communication. 

 

Procedure 

The operator will activate the siren alarm located in the cab of the dozer or 
compactor when he or she identifies a potential safety hazard at the working 

face. 

 

When an operator sounds the alarm, all equipment, including trucks, will halt 
and heavy equipment blades are to be lowered to the ground until an “all clear” is 

given by the operator who signaled the alarm. 

 

When the Safety Stand Down Alarm is activated, personnel at the working face 
will notify the scale attendant. The scale attendant will stop all traffic from 

entering the working face. Traffic will be held until “all clear” is given and the 
scale attendant is notified. 
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ATTACHMENT H 

 

Minor Modification Form 



Instructions This form must accompany all requests by the Permittee requiring a minor modification for the subject
facility.  Attached modifications of the Design and Operation (D&O) Plan must be factual and complete.
This form and supporting documents must be submitted directly to the EPD Regional office to which the
facility is assigned.  For modifying a D&O Plan, please include three (3) copies of all pertinent sheets.
Follow-up submittals require the Permittee to submit a new request form.

FOR EPD USE ONLY

Official Facility Name

Permit No. Modification Type

Review Deadline Date

Received By Date Comments*

Reviewed By Date Comments*

Action By Date Comments*

*Disposition:       Approved/Denied/Incomplete

1 Georgia EPD Mountain District 5 Georgia EPD Coastal District
P.O. Box 3250 400 Commerce Center Drive
Cartersville, Georgia 30120 Brunswick, Georgia 
(770) 387-4900 (912) 264-7284
ATTN: Mr. James Cooley, Mgr. ATTN: Mr. Bruce Foisy, Mgr.

2 Georgia EPD West Central District 6 Georgia EPD Southwest District
2640 Shurling Drive 2024 Newton Road
Macon, Georgia 31202 Albany, Georgia 31708
(478) 751-6612 (229) 430-4144
ATTN:  Mr. Todd Bethune, Mgr.    ATTN: Ms. Mary Sheffield, Mgr.

3 Georgia EPD Northeast District
745 Gaines School Road
Athens, Georgia 30605 NOTE: All minor modifications for private industrial
(706) 369-6376 facilities, except for those facilities located in
ATTN: Mr. Don McCarty, Mgr. the Coastal District, should be directed to:

Georgia Environmental Protection Division
4 Georgia EPD East Central District Solid Waste Management Program

3524 Walton Way Ext. 4244 International Parkway, Suite 104
Augusta, GA 30909 Atlanta, Georgia 30354
(706) 667-4343 (404) 362-2692
ATTN: Mr. Jeff Darley, Mgr. ATTN: Solid Waste Management Program

SWM-FM Request for Minor Modification to Solid Waste Handling Permit
12/1/14

31523-8251

Reply to Appropriate EPD District Office

DEPARTMENT OF NATURAL RESOURCES
ENVIRONMENTAL PROTECTION DIVISION

REQUEST FOR MINOR MODIFICATION TO
SOLID WASTE HANDLING PERMIT

APPLICANT TO COMPLETE THE REVERSE SIDE




	Cover Letter
	Attachment A - Revised D&O Plan
	Attachment B - Design Calculation Updates
	Attachment B-1 - Slope Stability Analysis
	Attachment B-2 - Settlement Analysis
	Attachment B-3 - Leachate Collection and Removal System Design Calculations:  Maximum Head on Liner & Drainage Evaluations
	Attachment B-4 - Leachate Collection and Removal System Design Calculations:  Pipe Structural Stability
	Attachment C - Liner System Compatibility Analysis
	Attachment D - Waste Compatibility Analysis
	Attachment E - Dust Suppression Plan
	Attachment F - Emergency Stand Down Flyer
	Attachment G - Typical CCR Waste Profiles
	Attachment H - Minor Modification Form



