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ABSTRACT 
 
Due to the installation of dry sorbent injection (DSI) scrubbers at a major Midwestern 
coal-fired power plant, the adjacent residual landfill was required to upgrade to a 
composite liner system. Bottom ash generated by the plant was evaluated for potential 
use as landfill drainage media. As part of the landfill design process, grain size 
distribution results for the bottom ash and DSI residue were used to conduct filter 
analyses. Bottom ash permeability results were also used in performing Hydrologic 
Evaluation of Landfill Performance (HELP) modeling. A leachate management layer 
consisting of twelve inches (30.48 cm) of 1 x 10-2 cm/sec bottom ash placed directly 
above the liner followed by another twelve inches (30.48 cm) of 1 x 10-3 cm/sec bottom 
ash was determined to meet design requirements. Bottom ash prequalification testing 
for grain size and permeability was required by the Construction Quality Assurance 
Plan. During the last year of the three year landfill construction period difficulties were 
encountered in obtaining a sufficient quantity of 1 x 10-3 cm/sec bottom ash material. 
After additional bottom ash testing and HELP modeling results were submitted to the 
regulatory agency a change in the thicknesses of the two layers was allowed. 
Interestingly, from the additional testing it was found that the 1 x 10-2 cm/sec bottom ash 
material also met filter criteria. 
 
INTRODUCTION 
 
Increasing regulation of air emissions from coal-fired power plants under the Clean Air 
Act has forced power companies to make difficult decisions concerning the economic 
feasibility of installing air pollution controls. There are many factors to be considered 
when determining whether to install such controls or close a particular plant. Two 
significant factors include the age of the plant and existing provisions available for the 
disposal of coal combustion residuals (CCR’s). For a major Midwestern plant 
commissioned in the 1980’s and having a permitted fly ash landfill located on an 
adjacent property, the decision was made to continue operations into the future by 
installing DSI scrubbers and upgrading the existing landfill to allow for disposal of the 
DSI residue. Upgrades to the landfill included installation of leachate treatment ponds, 
establishment of a suitable subgrade for the landfill liner, and construction of 
compositely lined cells along with a leachate collection and conveyance system. 
 



Construction of the DSI scrubbers and landfill upgrades were initiated at the facility in 
2012. By the end of 2014 construction of the first compositely lined landfill cells was 
completed and the scrubbers were placed into service. Additional lined landfill cells 
were constructed in 2015 and 2016 to provide sufficient capacity for the disposal of DSI 
residue produced by the plant into the near future. 
 
LANDFILL DESIGN 
 
The existing fly ash landfill at the site was designed and permitted with a compacted soil 
liner only. The expansion was designed as an above grade landfill to be established by 
piggybacking over one side of the existing fly ash disposal area and constructing 
perimeter berms on three sides away from the existing landfill to form the compositely 
lined area. As part of the hydrogeological investigation of the expansion area, soil 
borings were advanced to a depth of five feet (1.52 m) below the bottom of the 
proposed composite liner system to determine the in situ hydraulic conductivity of the 
subgrade soils. In areas where the in situ soils were found to have a hydraulic 
conductivity of greater than 1.0 x 10-6 cm/sec the design called for the unsuitable soils to 
be removed and then be replaced with suitable soils sufficiently compacted to have a 
hydraulic conductivity less than 1.0 x 10-6 cm/sec. The composite liner system to be 
constructed above this subgrade was designed to be comprised of a twenty four inch 
(60.96 cm) thick compacted soil liner followed by a 30 mil PVC flexible membrane liner 
and a 10 ounce per square yard (28.35 g/0.84 m2) geotextile cushion fabric. The 
leachate collection system to be placed above the composite liner was designed to 
consist of perforated pipes surrounded by a geotextile wrapped gravel envelope and 
then covered with a twenty four inch (60.96 cm) thick layer of granular drainage media. 
 
Bottom ash from the power plant is sluiced into two ash ponds and the plant owner saw 

potential cost savings in using the ash instead of natural materials as a granular 

drainage media. Thus the landfill design proposed using bottom ash for constructing the 

leachate management system. In response to comments on the landfill permit 

application provided by the State regulatory agency (Agency) bottom ash samples were 

collected by from the bottom ash pond complex and tested for permeability. 

Permeability results from this testing ranged from 1.5 x 10-1 cm/sec to 4.6 x 10-3 cm/sec. 

After further HELP modeling was conducted, the proposed granular drainage media 

layer construction was revised such that the bottom twelve inches (30.48 cm) of this 

layer would be required to have a minimum permeability of 1.0 x 10-2 cm/sec and the 

top twelve inches (30.48 cm) would be required to have a minimum permeability of 1.0 

X 10-3 cm/sec. From the permeability study conducted at the bottom ash pond complex 

it was also determined that higher permeability materials are deposited closer to the 

slurry discharges. Thus to meet the requirements for granular drainage layer 

permeability, materials deposited nearer to the slurry discharge were to be segregated 

for use in construction of the bottom twelve inches (30.48 cm) of this layer and materials 

deposited further away from the discharge were to be segregated for use in construction 

of the top twelve inches (30.48 cm) of this layer. A schematic of the landfill liner and 

leachate management system design is provided in Figure 1. 



 

In addition to the HELP modeling, the drainage layer design included a filter analysis 

evaluation of the average gradation of the DSI ash in relation to the desired gradation of 

the protective cover bottom ash in accordance with US EPA technical guidance [1]. The 

purpose of conducting the filter evaluation was to ensure the gradation of protective 

cover layer materials would protect the underlying drainage layer from clogging. From 

this evaluation a gradation envelope was developed for the protective cover layer (See 

Figure 2). 

 
CONSTRUCTION QUALITY ASSURANCE PLAN 
 
According to the CQA Plan included in the permit application the QA Inspector or QA 
Team representative was responsible for coordinating sampling and permeability testing 
of bottom ash, gravel, or sand materials proposed for use as drainage media. Testing of 
drainage media was to be performed in accordance with the schedule and procedures 
identified in the Table 1. The CQA Plan also required that construction monitoring and 
field acceptance of drainage media construction be documented by the QA Inspector or 
QA Team representative. ATC Group Services LLC (ATC) provided construction 
inspection, field testing, and engineering certification for the landfill expansion. ATC also 
provided material testing services for the project that included maintenance of an on-site 
soils testing laboratory in addition to prequalification testing of soil and bottom ash 
materials in both ATC’s branch office laboratory and a contract laboratory used for 
permeability testing. 
 
Table 1. Drainage Media CQA 
 

Property Test Method Value Test Frequency 
Gradation to 200 sieve ASTM C136 Gradation – SP, SW, SM, SP-SM, 

AND SW-SM 
1/1,500 Cubic Yards 

(1/1,146.83 m3) 

Permeability ASTM D2434 Bottom Foot ≥ 1 x 10-2 cm/sec, 
Top Foot ≥1 x 10-3 cm/sec 

1/3,000 Cubic Yards 
(1/2,293.66 m3) 

Carbonate Content ASTM D4716  1/3,000 Cubic Yards 
(1/2,293.66 m3) 

 
BOTTOM ASH TESTING PLAN 
 
Prior to the hauling and stockpiling of bottom ash from the plant to the designated 

stockpile location at the landfill, ATC collected samples and arranged for testing of the 

materials. The purpose of the sampling and testing was to ensure that the stockpiled 

bottom ash materials were properly segregated and prequalified for use in granular 

drainage layer construction. Sampling requirements, including sample size and methods 

for determining sample locations, frequency of sampling, and acceptance and rejection 

criteria were included in a Bottom Ash Testing Plan to ensure that adequate and 

consistent testing of the work was performed. 



During the implementation of the Bottom Ash Testing Plan ongoing sampling and test 
records were kept and provided to the Site Coordinator and the Contractor. ATC also 
prepared test result summaries for inclusion in the landfill certification reports. Specific 
sampling requirements and testing frequencies for the bottom ash materials for use in 
granular drainage media layer construction are presented in the following sections. 
 
Stockpiling and Material Approval 

1. Bottom ash materials to be used in granular drainage media layer construction 
shall be removed from the bottom ash ponds and shall be segregated such that 
one stockpile is created where the material meets a minimum permeability of 1.0 
x 10-2 cm/sec and a second stockpile meets a minimum permeability of 1.0 X 10-3 
cm/sec. 
 

2. Approval of bottom ash materials for use in granular drainage media layer 
construction shall be based upon successful completion of CQA testing. 

 
CQA Sampling and Testing 

1. CQA sampling of bottom ash materials shall be performed at the bottom ash 
pond complex. Samples may be collected either directly from the ponds or from 
ash stockpiled adjacent to the ponds. 
 

2. Prior to bottom ash excavation and landfill stockpiling operations, one bulk 
sample will be collected for testing for every 1,500 cubic yards (2,293.66 m3) of 
material. The following tests will be performed: 

 

• Gradation to 200 Sieve, ASTM C136 – one test for each sample 

• Permeability, ASTM D2434 – one test for every other sample 

• Carbonate Content, ASTM D4716 – one test for every other sample 
 

3. To meet the testing rate of one sample for every 1,500 cubic yards (2,293.66 m3) 
of material the pond or stockpile can be divided into gridded areas according to 
planned depth of ash excavation. For example if the ash is to be excavated in an 
even cut of 8 feet (2.44 m) across the pond/stockpile, then one sample would 
need to be collected for every 5,062.5 square feet (466.98 m2) of surface area. In 
this example the approximate dimensions of the sampling grid would be 71’ – 2” 
by 71’ – 2” (21.69 m by 21.69 m). 
 

4. A summary certification report for bottom ash CQA testing will be prepared by the 
Quality Assurance Officer and will include a: 

 

• Summary of laboratory methods and test data. 

• Drawing showing sample locations and limits of the ash pond/stockpile area 
investigated. 

• Brief letter certifying that the volume of soil included in the report meets or 
exceeds regulatory and construction criteria. 



 
5. According to the test results the bottom ash shall be routed to separate 

stockpiles consistent with its use for either the bottom twelve inch (30.48 cm) 
layer or the top twelve inch (30.48 cm) layer. 

 
BOTTOM ASH TESTING AND LEACHATE MANAGEMENT LAYER CONSTRUCTION 
 
2012 – 2014 Construction Seasons 
 
Prequalification testing and stockpiling of bottom ash for initial landfill cell construction 
began in October and September of 2012. An example bottom ash prequalification 
summary table based on permeability results is provided in Table 2. An example bottom 
ash pond testing grid map is presented in Figure 3. 
 

Table 2. Bottom Ash Hydraulic Conductivity Testing Summary 
October 7, 2012 Samples 

 
Sample 

No. 
Hydraulic 

Conductivity 
(cm/sec) 

Meets 
1.0E-02 

Requirement 

Meets 
1.0E-03 

Requirement 

Does Not Meet 
Requirements 

BA-14 4.3E-02 X   

BA-15 3.0E-02 X   

BA-16 2.8E-03  X  

BA-17 6.8E-03  X  

BA-18 6.4E-03  X  

BA-19 6.5E-03  X  

BA-20 5.2E-03  X  

BA-21 5.3E-03  X  

BA-22 1.3E-02 X   

BA-23 2.2E-02 X   

BA-24 2.4E-02 X   

BA-25 1.9E-02 X   

BA-26 1.2E-02 X   

BA-27 8.1E-02 X   

BA-28 5.0E-02 X   

BA-29 3.7E-02 X   

BA-30 8.1E-02 X   

BA-31 4.5E-02 X   

BA-32 7.2E-03  X  

BA-33 7.6E-03  X  

BA-34 5.5E-03  X  

BA-35 1.9E-03  X  

BA-36 6.3E-03  X  

BA-37 5.0E-03  X  

BA-38 2.3E-03  X  

BA-39 8.9E-03  X  

BA-40 1.4E-02 X   

BA-41 6.9E-03  X  

BA-42 3.1E-03  X  

 



Prequalification testing and stockpiling of bottom ash was continued in April and August 
of 2013 until a sufficient quantity of materials was staged for initial landfill cell 
construction. Cell 2 and a portion of Cell 1 were constructed in 2014. After installation of 
the composite liner system was complete, the leachate collection pipes were placed 
above the flexible membrane liner/geotextile cushion and encased in a geotextile 
wrapped envelope. Then the twelve inch (30.48 cm) thick 1 x 10-2 cm/sec drainage layer 
was spread over the floor of the cell followed by the twelve inch (30.48 cm) thick 1 x 10-3 

cm/sec protective cover layer. The certification report was completed in September 
2014 and included all bottom ash test reports for permeability, gradation with Unified 
Soil Classification, and carbonate content. Upon Agency acceptance of the certification 
report the upgraded landfill was placed into service for disposal of DSI residue. During 
September 2014 prequalification testing and stockpiling of bottom ash was resumed to 
begin preparations for 2015 cell construction. 
 
2015 – 2016 Construction Seasons 
 
Prequalification testing and stockpiling of bottom ash continued from February through 
May 2015 until sufficient materials were staged for 2015 cell construction. By the end of 
the year a portion of Cell 5 and the final portion of Cell 1 had been completed in the 
same manner as described for the initial cell. Prequalification testing and stockpiling of 
bottom ash was then resumed from October 2015 through January 2016 in preparation 
for the last stage of cell construction. 
 
After the January testing had been completed it was realized that a sufficient quantity of 
1 x 10-3 cm/sec protective cover materials would not be obtainable from the ponds. With 
essentially all of the bottom ash having been removed from the ponds for the previous 
year’s construction there was not enough time for protective cover quality material to be 
accumulated. Thus the design engineer conducted additional HELP modeling to 
determine if it would be acceptable to increase the drainage layer thickness to eighteen 
inches (45.72 cm) and reduce the protective cover layer thickness to six inches (15.24 
cm). Further modeling using these thicknesses demonstrated that that the peak daily 
values for the average leachate head on the liner would remain under twelve inches 
(30.48 cm). In March 2016 a minor modification requesting review and approval of the 
revised drainage layer and protective cover layer thicknesses was submitted to the 
Agency. Acceptance of this modification by the Agency was subsequently received by 
the end of April. 
 
From June through August 2016 prequalification testing and stockpiling of bottom ash 
was continued until what was believed to be enough drainage materials had been 
staged for construction of the final cell. From the August CQA test results it was 
determined that two stockpiles of protective cover that were created based on a 
preliminary determination of 1 x 10-3 cm/sec permeability from the east bottom ash pond 
prior to hauling actually returned 1 x 10-2 cm/sec permeability results. ATC then 
subjected the drainage layer and protective cover layer CQA data to filter analysis 
requirements with passing results (See Table 3). The Agency reviewer was briefed on 
the testing and filter analysis results. The next day the Agency replied that use of the 1 x 



10-2 cm/sec material from the two east pond stockpiles was acceptable for use as 
protective cover and asked that the CQA results and filter analysis be included in the 
certification report. By the end of November the certification for the Cell 4A and the 
remaining portion of Cell 5 was submitted to the Agency completing the project. 
 
CONCLUSIONS 
 
Bottom ash produced from coal-fired power plants provides an excellent source of 
landfill drainage media for use in leachate management layer construction. The material 
is essentially free except for the cost of excavation and hauling. The gradation of bottom 
ash tested for this project was generally found to be classified within the ranges of well 
graded sand, well graded sand with gravel, silty sand, poorly graded sand, poorly 
graded sand with silt, and poorly graded sand with gravel. The lesson learned from 
using bottom ash in landfill construction and the challenges presented by the CQA 
screening of this material is that the test methods used are intended for natural 
materials, however, as has been shown from previous studies, coal combustion 
residuals sometimes exhibit unique properties and different behaviors than natural 
materials. 
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Table 3. 2016 PROTECTIVE COVER FILTER CRITERIA ANALYSIS 
 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

FIGURE 1. LANDFILL LINER / LEACHATE MANAGEMENT SYSTEM 

2 ft (0.61 m) THICK 1.0 x 10-7 cm/sec COMPACTED SOIL LINER 

5 ft (1.52 m) THICK 1.0 x 10-6 cm/sec IN SITU SOIL 

1 ft (0.3 m) THICK 1.0 x 10-3 cm/sec PROTECTIVE COVER 

1 ft (0.3 m) THICK 1.0 x 10-2 cm/sec DRAINAGE LAYER 

DSI WASTE 

30 mil PVC  



 

 
 

FIGURE 2. PROTECTIVE COVER LAYER FILTER ENVELOPE 

 

  



 

 
 

FIGURE 3. EXAMPLE ASH POND TESTING GRID MAP 

 


