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EXECUTIVE SUMMARY 

ES.1 Source Information 
Duke Energy Carolinas, LLC (Duke Energy) currently owns and operates Marshall 
Steam Station (MSS or the Site), a coal-fired electricity-generating facility in the city of 
Terrell, Catawba County, North Carolina. The Comprehensive Site Assessment (CSA) 
update was conducted to refine and expand the understanding of subsurface conditions 
and evaluate the extent of impacts from historical management of coal ash in 
accordance with the North Carolina Coal Ash Management Act (CAMA). This CAMA 
CSA update contains an assessment of site conditions based on a comprehensive 
interpretation of geologic and sampling results from the initial site assessment and 
geologic and sampling results obtained subsequent to the initial assessment. Available 
groundwater data from monitoring wells associated with the Federal Coal Combustion 
Residuals Rule (CCR Rule) compliance program are also considered in data 
interpretations.  However, the CCR data has not been fully incorporated into the 
analysis of this CSA due to the data only becoming available as of mid-January 
2018.  For example, analytical results from CCR Rule-specific monitoring wells are 
included on isoconcentration maps and analytical summary tables, but not integrated 
into detailed mathematical analysis, such as piper plots, box-and-whisker plots or 
background statistical calculations.      

MSS contains four units that generate electricity; operation of Unit 1 began in 1965, and 
operation of Unit 2 began in 1966, with each generating 350 megawatts. Operation of 
Unit 3 began in 1969, and operation of Unit 4 began in 1970, with each generating 648 
megawatts. The MSS ash basin contains ash generated from the historic and active coal 
combustion at the Site. An earthen dike was constructed in 1965 at the confluence of 
Holdsclaw Creek that historically entered the Catawba River to create the ash basin. 
The MSS ash basin is located north of the steam station. The Catawba River was 
dammed by the construction of the Cowans Ford Dam between 1959 and 1964 to create 
Lake Norman, the largest man-made water body in North Carolina. Fly ash and bottom 
ash from MSS were sluiced to the ash basin from approximately 1965 until 1984. Fly ash 
precipitated from flue gas and bottom ash collected in the bottom of the boilers were 
sluiced to the ash basin using conveyance water withdrawn from Lake Norman. Since 
1984, fly ash has mainly been disposed of in the on-site dry ash landfills and the sluicing 
of bottom ash to the ash basin has continued.  

The basin has a dendritic shape consisting of coves of deposited ash, dikes that 
impound ash in portions of the basin, and four main areas of ponded water. The area 
contained within the ash basin waste boundary is approximately 394 acres. 
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CAMA related source areas that lie partially or completely within the ash basin waste 
boundary include the Dry Ash Landfill (Phase II) (Permit 1804-INDUS-1983), Industrial 
Landfill No. 1 (Permit 1812-INDUS-2008), and the Photovoltaic (PV) Structural Fill.  
Other landfill areas located at the station beyond the ash basin waste boundary include 
the Dry Ash Landfill (Phase I) (Permit 1804-INDUS-1983), Flue Gas Desulfurization 
(FGD) Landfill (Permit 1809-INDUS-), Demolition Landfill (Permit 1804-INDUS-1983), 
and Asbestos Landfill (Permit 1804-INDUS-1983). 

Assessment results indicate the ash thickness in the areas of investigation varied. Ash 
was observed up to 85 feet thick within the ash basin, 111 feet within the dry ash 
landfill (Phase II), and 71 feet within the PV structural fill. The majority of ash contained 
in the ash basin is saturated. The contact between ash and underlying soil was distinct 
in each boring as physical intrusion of ash into the underlying soils appeared to have 
been negligible. 

Assessment findings determined that ash sluiced to, and accumulated within, the ash 
basin is the primary source of impact to groundwater. CCR in the additional ash 
management areas have also contributed to groundwater impact. The inferred extent of 
constituent migration from these sources based on evaluation of constituent 
concentrations greater than both water quality standards and background is shown on 
Figure ES-1. A detailed evaluation of constituent migration is included in this CAMA 
CSA update report. 

ES.2 Initial Abatement and Emergency Response 
Duke Energy has not conducted emergency response actions because groundwater 
impacts from the ash basin do not present an imminent hazard to human health or the 
environment requiring emergency response. Abatement activities conducted in 
preparation for ash basin closure include the design and construction of new lined 
retention basin systems to handle certain stormwater and wastewater at the Site. In 
addition, Duke Energy is in the process of converting to dry handling of bottom ash 
(anticipated by late 2018 or early 2019). 

ES.3 Receptor Information 
In accordance with North Carolina Department of Environmental Quality (NCDEQ) 
direction, CSA receptor survey activities include listing and depicting all water supply 
wells (public or private, including irrigation wells and unused wells) within a 0.5-mile 
radius of the ash basin compliance boundary.  

 Public Water Supply Wells ES.3.1
Four public water supply wells were identified within a 0.5-mile radius of the 
MSS ash basin compliance boundary. One well is no longer in use; one is owned 
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by Duke Energy; the remaining two wells are classified as transient, non-
community and are located south of the Site. 

 Private Water Supply Wells ES.3.2
Water supply wells have been identified during receptor surveys. NCDEQ 
coordinated sampling at 38 water supply wells between February and October 
2015. Ten (10) additional water supply wells near MSS were sampled between 
September 2016 and February 2017 by Duke Energy. A review of the analytical 
data for the 48 private water supply wells sampled indicated several constituents 
were detected above 2L or Interim Maximum Allowable Concentrations (IMAC) 
standards, including pH (33 wells), iron (five wells), manganese (two wells), zinc 
(one well), total dissolved solids (TDS) (one well), and vanadium (39 wells). 
Water supply wells are hydraulically upgradient of the ash basin. The lack of 
boron and low levels of CCR-related constituents (such as chloride and sulfate) 
indicate that ash basin operations have not impacted water supply wells.  

 Surface Water Bodies ES.3.3
MSS is located in the Catawba River Basin on the upper end of Lake Norman. 
Groundwater influenced by the ash basin flows toward Lake Norman and the 
unnamed tributary that flows north to south on the eastern side of the ash basin. 
The surface water results collected from Lake Norman do not indicate that 
impacted groundwater associated with the MSS ash basin is causing 2B 
exceedances in Lake Norman. Lake Norman is used as a water supply for the 
greater Charlotte area. The two closest intakes for municipal water supply are 
located approximately 3.8 miles upstream and 5.6 miles downstream of MSS.  

 Land Use ES.3.4
The area surrounding MSS generally consists of residential properties, 
undeveloped land, and Lake Norman. Properties located within a 0.5-mile radius 
of the MSS ash basin compliance boundary generally consist of undeveloped 
land and Lake Norman to the east, undeveloped land and residential properties 
located to the north and west, portions of the MSS site (outside the compliance 
boundary), undeveloped land, and residences to the south, and commercial 
properties to the southeast along North Carolina Highway 150. No change in 
land use surrounding MSS is currently anticipated. 

ES.4 Human Health and Ecological Risk Assessment  
This CAMA CSA provides an update to the 2016 human health and ecological 
risk assessment.  There is no evidence of unacceptable risks to humans and 
wildlife at MSS attributed to CCR constituent migration in groundwater from the 
ash basins.  The 2016 risk assessment identified potential risks under a 
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hypothetical recreational and subsistence fisher exposure scenario and to the 
great blue heron (for selenium and vanadium). This risk assessment update 
supports that the fisher risks were overestimated based on exposure and 
modeled fish tissue uptake assumptions.  Further, surface water concentrations 
of selenium and vanadium did not exceed ecological screening values, and thus 
do not pose risks to the great blue heron.  This update to the human health and 
ecological risk assessment supports a risk classification of “Low” for 
groundwater-related considerations. 

ES.5 Sampling/Investigation Results 
This CAMA CSA includes evaluations of the hydrogeological and geochemical 
properties of soil and groundwater at multiple depths and distances from the ash 
management areas. 

 Background Concentration Determinations ES.5.1
Naturally occurring background concentrations were determined using 
statistical analysis for both soil and groundwater. Statistical determinations of 
provisional background threshold values (PBTVs) were performed in strict 
accordance with the revised Statistical Methods for Developing Reference Background 
Concentrations for Groundwater and Soil at Coal Ash Facilities (statistical methods 
document) (HDR and SynTerra, 2017). The current background monitoring well 
network consists of wells installed within three flow zones – shallow, deep, and 
bedrock. Background datasets for each flow system used to statistically 
determine naturally occurring concentrations of inorganic constituents in soil 
and groundwater are provided herein. As of October  11, 2017, NCDEQ 
approved a number of the statistically derived background values; however, 
others are still under evaluation and thus considered preliminary at this time. 
Background results may be greater than the PBTVs due to the limited valid 
dataset currently available. The statistically derived background threshold values 
will continue to be adjusted as additional data becomes available. 

 Nature and Extent of Contamination ES.5.2
Site-specific groundwater constituents of interest (COIs) were developed by 
evaluating groundwater sampling results with respect to 2L/IMAC and PBTVs. 
In addition, the distribution of constituents in relation to the ash basin, co-
occurrence with CCR indicator constituents such as boron, and likely migration 
directions based on groundwater flow direction are also considered in 
determination of groundwater COIs.   

The following list of groundwater COIs has been developed for MSS:  
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 Antimony  Manganese 
 Arsenic  Molybdenum 
 Barium  Nickel 
 Beryllium  Selenium 
 Boron  Strontium 
 Cadmium  Sulfate 
 Chloride  TDS 
 Chromium (total)  Thallium 
 Cobalt   Vanadium 
 Iron  

At MSS, boron is a key indicator of CCR groundwater impacts. Boron, in its most 
common forms, is soluble in water, and has a very low soil-water partitioning 
coefficient (Kd), indicating the constituent is highly mobile in groundwater.  
Boron is detected at concentrations greater than the 2L and PBTV beneath and 
downgradient (east) of the ash basin waste boundary, but is not detected in 
background groundwater. Therefore, the detection of boron in groundwater 
provides a close approximation of the distribution of CCR-impacted 
groundwater.   

The area farthest downgradient at which boron is detected at a concentration 
greater than the PBTV is interpreted as the leading edge of the CCR-derived 
plume moving downgradient from the source area. This leading edge is 
observed in the shallow and deep flow zones east of the ash basin between the 
Dry Ash Landfill (Phase I) and the unnamed tributary. In the bedrock flow units, 
boron is detected above 2L and the PBTV in downgradient wells near or beyond 
the ash basin compliance boundary east of the ash basin.  

The shallow and deep flow zones indicate COIs at concentrations greater than 
the 2L/IMAC or PBTV beneath and downgradient of the ash basin. Bedrock 
groundwater also exhibits CCR impacts, though to a lesser extent, and appears to 
be limited to areas beneath the Dry Ash Landfill (Phase II) and the ash basin 
dam. For the most recent valid sampling results available, bedrock monitoring 
wells installed beneath the ash basin or downgradient indicate exceedances of 
either PBTV or 2L/IMAC, whichever is greater, for barium, boron, chloride, 
chromium, iron, manganese, molybdenum, strontium, sulfate, and TDS. It is 
anticipated that additional monitoring wells for vertical delineation may be 
installed to support the groundwater corrective action planning process.  
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 Maximum Contaminant Concentrations (Source ES.5.3
Information) 

The source at MSS includes CCR sluiced to and contained within the ash basin.  
Ash pore water samples collected from wells installed within the ash basin and 
screened in the ash layers have been monitored since 2015. The concentrations of 
detected constituents have been relatively stable with minor fluctuations. The 
ash basin is a permitted wastewater system; therefore, comparison of ash pore 
water within the wastewater treatment residuals (ash) to 2B or 2L/IMAC is used 
for source area information. Maximum observed COI concentrations at MSS, 
based on the September 2017 sampling event, are detected in ash pore water 
within the ash basin waste boundary and groundwater beneath the Dry Ash 
Landfill (Phase II). 

Soil samples collected below the ash/soil interface within the ash basin indicate 
arsenic, barium, chromium (total), iron, molybdenum, nickel, selenium, 
strontium, sulfate and vanadium concentrations in at least one soil sample 
exceeded the calculated soil PBTV and the NCDEQ Preliminary Soil Remediation 
Goals (PSRG) Protection of Groundwater (POG) value (if applicable).   

 Site Geology and Hydrogeology ES.5.4
The subsurface at MSS is comprised of a surficial unit (soil, fill and reworked 
soil, alluvium, and saprolite), a transition zone, and fractured bedrock. The 
transition zone is comprised of partially weathered rock that is gradational 
between saprolite and competent bedrock. The bedrock is dominantly mica 
gneiss, meta-granite, and quartz-sericite schist. Shallow bedrock is fractured; 
however, only mildly productive fractures (providing water to wells) were 
observed within the top 50 – 75 feet of bedrock. The majority of fractures are 
relatively small (e.g., close and tight) and appear to be limited in connectivity 
between borings. Yields from pumping or packer testing are low. Groundwater 
exists under unconfined or water table conditions throughout the Site. Generally, 
groundwater is contained within fractures (secondary porosity) of the 
underlying bedrock.  

The hydrogeologic characteristics of the ash basin environment are the primary 
control mechanisms on groundwater flow and constituent transport. The stream 
valley in which the ash basin was constructed is a distinct slope-aquifer system 
in which flow of groundwater into the ash basin and out of the ash basin is 
restricted to the local flow regime. Localized topographic relief results in 
adjacent groundwater divides associated with the natural ridges separating 
historic draws. Groundwater flows generally from the northwest to southeast 
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across the Site. Active sluicing contributes to free-standing water within the ash 
basin and is controlled downgradient by the ash basin dam and the National 
Pollutant Discharge Elimination System (NPDES) outfall/discharge to Lake 
Norman (east side of ash basin).  

ES.6 Conclusions and Recommendations 
The investigation described in the CSA presents the results of the assessments required 
by the CAMA and 2L.  Ash sluiced to, and accumulated within, the ash basin is 
determined to be a source of groundwater impacts at MSS. The assessment investigated 
the Site hydrogeology, determined the direction of groundwater flow from the ash 
basin, and determined the horizontal and vertical extent of impacts to groundwater and 
soil sufficient to proceed with preparation of a corrective action plan (CAP).   

Impacts to groundwater in all three flow zones have been identified beneath and 
downgradient of the ash basin at MSS. Boron is considered the CCR-impact indicator 
constituent detected in groundwater at concentrations greater than the PBTV and the 2L 
standard. Bedrock groundwater exhibits CCR impacts to a lesser extent, and appears to 
be limited to areas beneath the Dry Ash Landfill (Phase II) and northern portion of the 
ash basin dam. Additional data collection to support groundwater modeling and long-
term monitoring is anticipated to support the corrective action planning process. 

Secondary sources have been identified in soil beneath the ash basin. Shallow soil 
impacts are anticipated to be addressed through basin closure and the CAP. 

Surface water receptors downgradient of the ash basin (e.g. Lake Norman) demonstrate 
compliance with 2B standards, with the occasional exception of dissolved oxygen, 
chloride, TDS, arsenic, selenium,  cadmium (D), copper (D), and lead (D). Localized 
influence from NPDES permitted outfalls are likely contributing to these exceptions. 
The surface water results collected from Lake Norman do not indicate that impacted 
groundwater associated with the MSS ash basin is causing 2B exceedances in Lake 
Norman. Additional surface water and sediment data collection is anticipated to 
support the evaluation of potential monitored natural attenuation (MNA) in the area of 
the groundwater plume discharge into surface water. 

Information evaluated as part of the updated CSA indicates that the identified water 
supply wells are not impacted by ash basin operations; constituent concentrations 
detected in water supply wells are deemed to not be sourced from the ash basin. 

MSS’s ash basin is currently designated as “Intermediate” risk under CAMA, meaning 
that closure of the ash basin is required by 2024.  The updated CSA has determined no 
unacceptable risks to human health or wildlife from exposure to groundwater, surface 
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water, or sediment impacts related to the ash basin. The private water supply wells 
located upgradient of the Site are not impacted by the ash basin. A "Low" risk 
classification and closure via a cap-in-place scenario are considered appropriate as 
alternative water supplies are being provided in accordance with G.S. 130A-
309.213.(d)(1) of House Bill 630. 

A preliminary evaluation of groundwater corrective action alternatives is included in 
this CSA to provide insight into the CAP preparation process. The evaluation within the 
CAP will include predictive groundwater modeling to evaluate the effectiveness 
associated with various options. The source control (closure) options will be evaluated 
to determine the most technically, economically, and sustainably feasible means of 
controlling the CCR as a source to the groundwater flow system.  For MSS, the primary 
source control (closure) method anticipated to be evaluated in the CAP consists of a 
cap-in-place scenario. This method would utilize an engineered, low permeability cover 
system over the ash basin to minimize infiltration and reduce leaching from the source 
area to groundwater. If a “Low” risk classification is determined, a well-designed 
capping system is expected to minimize ongoing constituent migration to groundwater.  

In addition to source control measures, the CAP will evaluate measures to address 
groundwater conditions associated with the ash basin. Groundwater corrective action 
by MNA is anticipated to be a remedy further evaluated in the CAP. As warranted, a 
number of viable groundwater remediation technologies such as phytoremediation, 
groundwater extraction, or hydraulic barriers may be evaluated based upon short-term 
and long-term effectiveness, implementability, sustainability and cost. Results of the 
evaluation, including groundwater flow and transport modeling, and geochemical 
modeling, will be used for remedy selection in the CAP. 
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