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In accordance with USEPA’s 2017 Coal Combustion Residual (CCR) Rule, CCR 

impoundments now have at least two years of groundwater data for use in evaluating 

the potential impact of impoundment leachate to groundwater and adjacent surface 

water resources.  These sampling activities have created an extensive repository of site 

information and groundwater data from which to assess impoundment integrity, 

statistically significant increases (SSIs) in groundwater constituents, or impacts to the 

surrounding environment. While many innovative, high-resolution characterization tools 

have emerged for use in characterizing sites with environmental release, the federal 

CCR rule relies on more conventional monitoring well sampling methods for compliance 

purposes and these high-resolution methods are unnecessary at most impoundments. 

While these sampling methodologies are simpler, application of statistically significant 

data sets in conjunction with regional recharge and hydrogeologic data can be 

effectively used to develop comprehensive conceptual site models (CSMs) for 

impoundment environmental impact assessment and identification of potential mitigation 

strategies.  

This presentation presents the conceptual site model (CSM) development process for 

the CCR impoundments at a former coal-fired power plant in the midwestern United 

States. Sulfate leaching was identified during the early 1990s which had resulted in the 

development of a half-mile sulfate plume that migrated from the impoundments towards 

an adjacent public supply well field. Utilized for approximately 60 years of ash disposal, 

the four ash ponds cover a total on-site footprint of approximately 115 acres. Initial 

investigation activities performed during the late 1980s identified the presence of sulfate 

in site groundwater in excess of 1,000 milligrams per liter, and ash pond leachate 

sampling during the early 1990s identified the origin of the sulfate plume to be the oldest 

of the impoundments.  

Over time, sulfate transport in groundwater was influenced by several primary hydraulic 

forces including a series of on-plant water supply wells, an adjacent major river, and 

decades of groundwater extraction from potable water supply wells at an adjacent 

property (Figure 1). Seasonal high and low river stage elevations had an influence on 

groundwater flow gradients and sulfate transport from the impoundments. While natural 

gradients during base and low stage conditions are generally towards the river, 

operation of the various extraction wells induced localized inward site gradients in some 



portions of the plant.  During high stage conditions, in-bank river flow restricted sulfate 

transport towards the river across the whole site. The end result of these hydraulic 

influences was the development of an elongated sulfate plume which migrated 

northward towards the public supply wells. To protect the wellfield, a plume containment 

extraction well was installed during the early 1990s to intercept sulfate transport and 

prevent off-site migration. 

 

Figure 1.  General site layout and CCR impoundment locations relative to river and local 
groundwater extraction activities. 

Site Hydrogeology and Changes in Hydraulic Operations 

Geology at the site consists of alluvium which extends vertically downward 

approximately 75 feet to bedrock. The alluvium contains approximately 20 feet of 

unsaturated silts that overlie higher permeability sands and gravels. Depth to water 

resides approximately 30 feet below land surface, and the aquifer is in direct hydraulic 

communication with the adjacent river which at flood stage can exceed baseflow 

conditions by over 20 feet. Natural hydraulic gradients at the site are towards the river 

under baseflow conditions and will reverse flow proximal to the shoreline during high 

stage or flood conditions. 

While natural flow gradients are generally controlled by river stage, significant 

groundwater extraction from the public supply wells and previously from the plant 

production wells exert considerable influence on groundwater and sulfate flow. Public 

supply well operations were initiated during the mid-1950s and while variable, pumped 

approximately 10 million gallons per day. On-plant, production wells were operated 

consistently through the mid-2000s and recovered over 1.5 million gallons per day 

during peak periods. When operated concurrently, the two well fields created a 

groundwater flow divide located in the vicinity of Pond 2. During decommissioning, plant 

production wells were discontinued from use and the groundwater flow gradients within 

the north half of the site were oriented northward.  

 



CCR Impoundment Leaching and Sulfate Plume Observations 

The duration of use for the four CCR impoundments varied over the course of plant 

history.  Pond 1 was the first in service during the mid-1950s and was partially 

excavated during the 1980s and inactivated.  Pond 2 was smaller and operated 

intermittently between the 1950s and early 2010s.  Pond 3 and 4 operations were 

initiated in the late 1960s and mid-1980s, respectively, and both were operated until 

plant decommissioning.  All four impoundments received fly ash, bottom ash and pyrites 

over the course of use. 

Recharge from precipitation to the plant site infiltrated through uncapped portions of 

Pond 1 and initially promoted the leaching of sulfate from the CCR to the underlying 

water table (Figure 2). This leaching behavior continued through the mid-1980s, when 

portions of Pond 1 were removed. 

 

Figure 2.  Conceptual leaching of sulfate from CCR materials in Pond 1 and subsequent 
migration northward towards public supply well network. 

Leachate and groundwater sulfate samples collected during the early 1990s revealed 

that sulfate within the Pond 1 CCR was sufficient to result in the underlying groundwater 

impacts, but data also indicated that leachate concentrations were reduced in areas 

where the CCR had been excavated.  Further, toxicity characteristic leaching procedure 

(TCLP) samples collected on the Pond 1 CCR also demonstrated that sulfate 

concentrations within the CCR were lower relative to the underlying groundwater 

(Figure 3). 



 

Figure 3.  CCR impoundment sulfate concentrations and observed groundwater plume following 
Pond 1 partial excavation and inactivation. 

The above findings demonstrated that Pond 1 served as the primary source of sulfate to 

groundwater and demonstrated that Pond 1 CCR removal and natural sulfate leaching 

via recharge over the course of three decades had served to deplete the sulfate source. 

The result was the development of a disconnected sulfate plume that migrated via 

hydraulic influence northward towards the public supply wellfield (Figure 3).  

Sulfate Transport in Groundwater and Interceptor Well Hydraulic Control 

Groundwater investigations that identified sulfate in groundwater during the early 1990s 

were followed by a series of subsequent investigations to install a plant-wide monitoring 

well network.  These wells were then sampled routinely during quarterly, and later 

annual, sampling events over a 25-year period. This dataset provides an extended 

period by which to review sulfate migration behavior, to assess plume containment 

effectiveness, and to evaluate potential risk to receptors. 

Of the site-wide monitoring well network, several key wells served to define the primary 

core of the sulfate plume (numbers 1 – 4 on Figure 4).  

 

Figure 4.  Observed sulfate plume and primary monitoring wells that define sulfate attenuation 
behavior and hydraulic containment. 



Data collected from the above well network are highlighted on Figure 5, below. Sulfate 

concentrations were highest at the outset of the monitoring program, which then 

gradually declined between 1994 (A) and 2004 (B). During this period, both public 

supply wells and on-plant production wells were operating concurrently, a groundwater 

divide was present in the vicinity of Pond 2, and reductions in sulfate at the monitoring 

wells exhibited generally steady-state declines. The magnitude of sulfate concentrations 

during this period are also directly correlated with relative proximity to Pond 1. 

Following 2004, significant reductions in plant groundwater extraction resulted in 

dissipation of the groundwater divide and a northward shift in flow towards the public 

supply and plume containment wells.  This is evident in sulfate concentrations at wells 

along the flow path, with steady increases observed as the plume migrated north (e.g., 

wells 2, 3 and 4).  

 

Figure 5.  Sulfate data collected from plume core monitoring wells over the duration of the two-
decade monitoring program. 

Regulatory concern arose with ongoing review of these data, as it was unclear as to 

whether the sulfate source in Pond 1 and migrating in groundwater represented a risk to 

the water supply network. Considering that the Pond 1 sulfate source had been 

removed or otherwise leached over time, the groundwater data was therefore assessed 

to identify potential evidence of plume attenuation within the monitoring network.  A 

review of the data in Figure 5 indicated the following primary conclusions: 

• Concentrations of sulfate decline with distance from the source, indicating that 

natural attenuation via dilution mechanisms in the high permeability aquifer 

support reductions in sulfate to below the secondary water quality criteria of 250 

milligrams per liter (mg/L) prior to arrival at the plume containment well. 

• Peak sulfate concentrations were observed at most monitoring wells between 

2014 and 2016, which indicate that the sulfate source was finite and confirmed 

the conceptual site model related to a disconnected sulfate plume. This is also 



evidenced by peak concentrations observed at wells located at increasing 

distance from the source, with wells 1, 2 and 3 occurring in succession. 

• Increases observed at well 4, closest to the plume containment well were not 

correlated with significant change at the plume containment well, which indicates 

that dilution within the distal plume toe and operation of the plume containment 

well are sufficient to control sulfate in groundwater above the 250 mg/L criteria. 

Assessing Surface Water Sulfate Discharge 

In addition to assessing the effectiveness of the plume containment well for sulfate 

control, additional regulatory concern was raised related to potential long-term sulfate 

discharge into the river. The extended monitoring data set from the site-wide well 

network provided sulfate delineation on-site and at well locations proximal to the 

discharge boundary. Further, potential dilution factors between the groundwater and the 

surface water were also reviewed in the context of similar settings, and it was estimated 

that sulfate would be diluted by over 400-times as groundwater entered the river. Near 

the river, most monitoring wells contained between 100 mg/L and 400 mg/L sulfate 

during the 2016 and 2017 sampling periods, which would be expected to decline by 

over two orders-of-magnitude following river dilution.  

To evaluate potential surface water concentrations resulting from site groundwater 

discharge, sulfate concentration data were obtained from a nearby monitoring station to 

assess background conditions (Figure 6).  Data from the monitoring station were also 

compared to available data collected adjacent to the site (60 to 66 mg/L sulfate during 

1990), which exhibited good correlation. These data indicated that within the vicinity of 

the site, sulfate in surface water significantly exceeds the predicted post-dilution sulfate 

concentration from the former plant site, and that groundwater would not represent a 

risk to secondary water quality exceedance.   

 
Figure 6.  Sulfate concentrations measured in surface water adjacent to the site compared to 
sulfate trends observed over a preceding 15-year period at a nearby gauging station. 



A final comparison was also done for the broader watershed sulfate observations 

(Figure 7), which illustrate that sulfate concentrations in this area were not significantly 

different from the overall variance within the watershed. 

 

Figure 7. Observed 15-year variability in sulfate concentrations at primary gauging stations 
within the watershed. 

Conclusions 

Leveraging the comprehensive well data from over two decades of monitoring, the fate 

and transport of sulfate was assessed and compared to the leaching potential of the 

CCR impoundment source. Low observed sulfate in the CCR and ash pond leachate 

indicated the sulfate source had been depleted, which correlated with beneficial 

improvements in water quality at monitoring well locations sequentially further from the 

source. Comprehensive historical monitoring data were used to demonstrate that 

ongoing plume attenuation was enhanced by plume containment well operations, which 

simultaneously prevented sulfate intrusion into the public water supply wells. The 

comprehensive data set as well as regional hydrogeologic and geochemistry 

information were both used to demonstrate overall protectiveness of the remedy and 

complete a vulnerability review of the public supply wellfield. The fate and transport of 

site-wide sulfate and other CCR-related contaminants was also reviewed for potential 

impact to the river, which demonstrated that in-bank sulfate concentrations (and other 

CCR contaminants) posed no risk to surface water.  Collectively, development of the 

CSM indicated that the existing remedy was protective of off-site public water receptors 

and that on-site groundwater deviations attributed to CCR leachate represented no off-

site human health or ecological risk. 


