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ABSTRACT  
 
The April 2015 Federal Coal Combustion Residual (CCR) Rule established four 
legitimacy criteria for the compliant beneficial use of coal combustion products (CCPs). 
One criterion requires that users of CCPs demonstrate that environmental releases to 
groundwater, surface water, soil, and air resulting from the beneficial use will be below 
relevant regulatory and health-based benchmarks for human and ecological receptors. 
US EPA provided more specific guidance on how to comply with this criterion in its in 
2016 document entitled "Methodology for Evaluating Beneficial Uses of Industrial Non-
Hazardous Secondary Materials."  
 
This paper presents case studies for three different CCP beneficial use applications. For 
each application, human health and/or ecological risks were evaluated for multiple 
exposure pathways consistent with US EPA's 2016 methodology in order to 
demonstrate compliance with the Federal CCR Rule. The specific beneficial use 
scenarios include: 
 

1. Assessment of fly ash used in carpets; 

2. Assessment of fly ash used as a soil stabilizer; and 

3. Assessment of CCPs used in gypsum wallboard and concrete. 
 
Results of the beneficial use assessments for each scenario demonstrate that the CCP 
beneficial uses are compliant with regulations and do not cause concentrations of CCP 
constituents in environmental media to exceed relevant regulatory and health-based 
benchmarks for human and ecological receptors. These assessments are not only 
necessary for demonstrating compliance but are useful for demonstrating to marketers 
and the public that CCPs can be used in multiple applications without causing human 
health or environmental risks. 
 

1 Introduction 

The April 2015 Federal Coal Combustion Residual (CCR) Rule established four 
legitimacy criteria for the compliant beneficial use of coal combustion products (CCPs). 
One criterion requires that beneficial users of CCPs demonstrate that environmental 
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releases to groundwater, surface water, soil, and air resulting from the beneficial use 
will be below relevant regulatory and health-based benchmarks for human and 
ecological receptors. US EPA provided more specific guidance on how to comply with 
this criterion in its in 2016 document entitled "Methodology for Evaluating Beneficial 
Uses of Industrial Non-Hazardous Secondary Materials."  
 
This paper presents case studies for three different CCP beneficial use applications. For 
each application, human health and/or ecological risks were evaluated for multiple 
exposure pathways consistent with US EPA's 2016 methodology in order to 
demonstrate compliance with the Federal CCR Rule.  
 
2 Assessment of Fly Ash Used in Carpets 

The first case study is associated with fly ash used during the manufacturing of carpet 
backing which is the underside of a carpet that secures the tufts and gives the carpet 
additional strength and stability. Potential risks to human health and the environment as 
a result of these CCP beneficial uses were evaluated using the methodology 
recommended by US EPA.  
 
A conceptual exposure model was developed to identify all potential pathways by which 
receptors may be exposed to CCPs in carpets. Potential risks to human health and the 
environment were evaluated for scenarios where the carpet is installed; in-use 
scenarios, which include interior residential installations; and post-use scenarios, which 
may include disposal of the carpet in a landfill. Specific receptors and pathways that 
were considered are as follows:  
 

▪ Construction workers and do-it-yourself (DIY) residents who may potentially be 
exposed to CCPs during installation of carpets containing fly ash;  

▪ Residents who may potentially be exposed to CCPs during the active period of 
carpet use within a home;  

▪ Residents, swimmers, anglers, and landfill workers who may potentially be 
exposed to groundwater and surface water located downgradient of a landfill 
where carpets containing fly ash have been disposed; and  

▪ Ecological receptors that may be exposed to CCPs after carpets containing fly 
ash have been disposed. These receptors include fish, amphibians/reptiles, 
aquatic plants, and aquatic invertebrates.  

A summary of the conceptual exposure models for human and ecological receptors is 
shown in Figure 1 and 2. 
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Figure 1: Conceptual Exposure Model for Human Receptors – Fly Ash Used in 
Carpets 
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Figure 2: Conceptual Exposure Model for Ecological Receptors – Fly Ash Used in 
Carpets 
 
The approach used to evaluate potential risks to human health and the environment 
was two-fold, consisting of a conservative screening evaluation and detailed risk 
modeling. The screening analysis compared screening concentrations – which were 
conservatively calculated using available fly ash data, product-specific leachate data, 
and occupational air data – to conservative benchmarks protective of human health and 
the environment for each exposure pathway. For some pathways involving potential 
exposure to CCPs in soil, air, groundwater, and surface water, screening concentrations 
were estimated using partitioning, fate and transport, and emission models. Any 
constituent for any pathway with a screening concentration in excess of its human 
health or ecologically based benchmark was retained for more detailed risk modeling.  
 
Despite the conservative nature of this assessment, no unacceptable risks associated 
with the beneficial use of fly ash in carpets were identified. The conservative screening 
exposure concentrations for all constituents and all pathways and receptors, both 
human and ecological, were lower than their respective health benchmarks.  
 
3 Assessment of Fly Ash Used as a Soil Stabilizer 

The second case study is a site where fly ash was used as a soil stabilizer during the 
construction of roads, railroad spurs, scrap yards, and parking lots. Fly ash, for these 
beneficial uses, is tilled into the underlying soil to stabilize the soil for further 
construction operations, resulting in a mixture of stabilized soil that contains 25% fly 
ash, which is subsequently covered by one or more layers (e.g., compacted or crushed 
stone, pea gravel, slag, and/or sub-ballast). The April 2015 Federal CCR Rule required 
that beneficial users of CCR in excess of 12,400 tons in non-roadway applications must 
demonstrate that the CCR use does not result in environmental releases to 
groundwater, surface water, soil, and air at concentrations above a regulatory or health-
based benchmark.   
 
A screening-level human health and ecological risk evaluation was conducted to 
determine whether fly ash used at the site would pose adverse health effects to 
potentially exposed humans and ecological receptors. The human health receptor 
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evaluated in this risk characterization was an outdoor industrial worker exposed to the 
fly ash/soil mixture via incidental ingestion, dermal contact, and inhalation of particulates 
emitted from the soil due to vehicle traffic. In addition, aquatic organisms inhabiting 
surface water bodies were evaluated for potential ecological impacts. Although no one 
drinks groundwater at the site, potential impacts on groundwater quality were also 
assessed. A conceptual exposure model is shown in Figure 3.  
 

 
Figure 3: Conceptual Exposure Model – Fly Ash used as Soil Stabilizer 
 
As a general approach, we compared relevant exposure point concentrations for each 
completed pathway to risk-based screening levels. For the air and direct contact 
pathways, the concentrations of CCR constituents in a fly ash/soil mixed sample was 
used as the exposure point concentrations, because it is representative of outdoor 
worker exposure. For the surface water and groundwater pathways, although measured 
or modeled groundwater and surface water concentrations are usually used as 
exposure point concentrations, as a first step for this analysis, we conservatively used 
leachate concentrations from the fly ash/soil mixture as the relevant exposure point 
concentrations, which does not account for the attenuation that occurs during 
groundwater transport and from groundwater/surface water mixing. We took this 
approach because leachate concentrations represent a maximum concentration in 
groundwater and surface water, and if leachate concentrations are below relevant 
health and ecological benchmarks, no further modeling or analysis is necessary. 
 
Human health benchmarks used for this analysis included risk-based concentrations 
(RBCs), maximum contaminant levels (MCLs), and regional screening levels (RSLs) 
which are based on specific target risk levels and conservative exposure assumptions. 
Ecological benchmarks used for this analysis included Freshwater Criterion Continuous 

Concentrations (CCC), Aquatic Life Criteria, and National Recommended Water Quality 

Criteria. 
 
The results of the groundwater, surface water, air, and soil pathway assessments 
showed that all assessed constituents of potential concern were lower than the relevant 
human health and ecological benchmarks or relevant environmental background 
concentrations. Overall, the risk assessment shows that there is no risk to human or 
ecological receptors that will result from the beneficial use of fly ash at this site as a soil 
stabilizer in roads, railroad spurs, scrap yards, and parking lots. 
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4 Assessment of CCPs Used in Wallboard and Concrete 

In 2014, US EPA evaluated the beneficial use of CCPs in gypsum wallboard and 
concrete (US EPA, 2014). This report was cited by US EPA in its 2016 "Methodology for 
Evaluating Beneficial Uses of Industrial Non-Hazardous Secondary Materials" as an 
example of how beneficial use assessments should be performed.  
 
US EPA followed a 5-step process in order to evaluate potential risks to human health 
and the environment associated with use of CCPs in gypsum wallboard and concrete. 
Each step of US EPA's process is summarized below. 
 

▪ Step 1 – Literature Review and Data Collection: Based on a review of existing 
information, US EPA evaluated potential release pathways associated with CCP 
use in gypsum wallboard and concrete. These pathways included dust 
generation, volatilization to air (e.g., mercury), leaching to groundwater and 
surface water, and radioactive decay. Available literature was used to 
characterize constituents of potential concern for each pathway. 

Additionally, US EPA found existing risk evaluations in the literature of sufficient 
quality that could be relied upon for the gypsum wallboard and concrete 
assessment. Based on these prior risk evaluations, the radioactive decay 
pathway was eliminated from further consideration. Moreover, all pathways, with 
the exception of volatilization to air, were eliminated from further consideration for 
gypsum wallboard.  

▪ Step 2 – Comparison of Available Data: US EPA compared the concentrations of 
potential CCP constituents released from gypsum wallboard and concrete to 
available data from analogous products. Analogous products identified by US 
EPA included mined gypsum wallboard and Portland cement. This evaluation 
found that silver and manganese concentrations in dust from concrete 
manufactured with CCPs was comparable to dust from Portland cement. The 
evaluation also found that the concentrations of arsenic, cadmium, lead, 
molybdenum, and thallium in leachate from concrete manufactured with CCPs 
was comparable to leachate from Portland cement. Each of these constituents 
was eliminated from further consideration for the relevant pathway.  

▪ Step 3 – Exposure Review: US EPA reviewed all potential release pathways to 
identify those likely to drive exposures. No release pathways were eliminated 
from consideration at this step. 

▪ Step 4 – Screening Assessment: For this step, US EPA conservatively estimated 
potential exposure concentrations that may result from use of gypsum wallboard 
and concrete containing CCPs. The estimated exposure concentrations were 
then compared to relevant human health and ecological benchmarks. 
Constituents with an estimated exposure concentration below benchmarks were 
eliminated from further consideration.  
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▪ Step 5 – Risk Assessment: This step was not evaluated by US EPA because all 
relevant constituents of potential concern for all pathways were eliminated from 
consideration during the prior four steps.  

 
Based on the methodology presented, US EPA concluded that releases of constituents 
of potential concern from gypsum wallboard and concrete containing CCPs are 
comparable or lower than analogous products and below all relevant health and 
ecological benchmarks.   
 
5 Conclusions 

Results of the beneficial use assessments for each scenario demonstrate that the CCP 
beneficial uses are compliant with regulations and do not cause concentrations of CCP 
constituents in environmental media to exceed relevant regulatory and health-based 
benchmarks for human and ecological receptors. These assessments are not only 
necessary for demonstrating compliance but are also useful for demonstrating to 
marketers and the public that CCPs can be used in multiple applications without 
causing human health or environmental risks. 
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