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EXECUTIVE SUMMARY 

ES.1 Source Information 
Duke Energy Progress, LLC (Duke Energy) owns and operates the Mayo Steam Electric 
Plant (the Mayo Plant, Plant, or Site), located in Person County, near Roxboro, 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. This 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.    

The Mayo Plant began operations in 1983 and is presently in service. At the Site, there is 
a single ash basin located northwest of the Plant. The ash basin, constructed with an 
earthen dike, is approximately 140 acres and contains ash generated from the Plant’s 
historic coal combustion. Discharge from the ash basin via Outfall 002 to Mayo Lake is 
permitted by the NCDEQ Division of Water Resources (NCDEQ-DWR) under National 
Pollutant Discharge Elimination System (NPDES) Permit NC0038377.  A lined coal 
combustion residuals (CCR) landfill is located to the west of the Plant on the west side 
of US Highway 501 (Boston Road). No other areas of coal ash are known to exist at the 
Site. 

CCR was managed at the Plant’s on-site ash basin and transported via wet sluicing until 
2013 when the Mayo Plant converted to a dry ash system in which 90 percent of 
generated CCR was dry. After the conversion, wet sluicing was conducted only when 
there was a shutdown of the dry fly ash transport system. Final system upgrades were 
completed in October 2016 and all CCR collection is now dry. Prior to November 2014, 
dry ash was hauled to and disposed of in the lined landfill located at the nearby 
Roxboro Steam Electric Plant (near Semora, North Carolina). Since November 2014, 
CCR from the Mayo Plant has been placed in a newly constructed on-site Industrial 
landfill (monofill; Permit #7305) at the Mayo Site.   

Assessment results indicate the thickness of CCR in the portion of the ash basin not 
covered with water is approximately 13 to 66 feet. Assessment findings determined that 
CCR accumulated in the ash basin is the source of impact to groundwater.  The inferred 
general extent of constituent migration from the ash basin 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 the 
CSA update report. 
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ES.2 Initial Abatement and Emergency Response 
Duke Energy has not conducted emergency responses because groundwater impacts 
from the ash basin do not present an imminent and substantial threat to the 
environment requiring emergency action. Regarding initial abatement, as previously 
described, upgrades to the dry fly ash handling system were completed in October 2016 
and all CCR collection is now dry. In preparation for ash basin closure, new retention 
basins and wastewater treatment systems are being designed and constructed. 

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.  

ES.3.1 Public Water Supply Wells 
According to public records, Bethel Hill Baptist Church, located approximately 
0.5 miles south (upgradient) of the Plant at 201 Old US Highway maintains a 
public water supply provided by a groundwater well. 
 
ES.3.2 Private Water Supply Wells 
No private water supply wells are located within 0.5 mile downgradient of the 
ash basin compliance boundary. Drinking water is obtained from approximately 
20 private groundwater wells by residences within a 0.5-mile radius of the Mayo 
Plant compliance boundary and located to the south and northwest the Plant, 
upgradient of the predominant groundwater flow direction and upgradient of 
the ash basin. In 2015, NCDEQ coordinated sampling of three of the private 
water supply wells, and in 2017, Duke Energy collected samples from eight 
additional private water supply wells. Available analytical data for the private 
wells generally show detected concentrations below statistically derived 
background concentrations and geochemistry (cation/anion distribution) not 
attributable to CCR impacts. The supply well data should be interpreted 
cautiously because well construction and equipment (e.g., galvanized piping, 
pump components) may influence analytical results. The water supply wells are, 
without exception, located upgradient of the Mayo Plant ash basin, and 
modeling has demonstrated that well capture zones are limited to the immediate 
vicinity of the well head and do not extend toward the ash basin. 

The land directly downgradient of the ash basin and the Duke property line is 
undeveloped; therefore, no water supply wells are located north and 
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downgradient of the groundwater plume within the survey radius.  The updated 
Corrective Action Plan (CAP) will address any potential future risk to future 
groundwater receptors.  
 
ES.3.3 Surface Water Bodies 
The Site is located in the Roanoke River Basin. Although the Site is located near  
Mayo Lake, groundwater influenced by the ash basin primarily flows toward 
and discharges to the Crutchfield Branch stream valley, a small stream located 
north of the ash basin and near the northern property boundary. There is no 
surface water intake located in Crutchfield Branch. 

ES.3.4 Human and Ecological Receptors  
A baseline human health and ecological risk assessment was performed in 2016 
as a component of the CAP, Part 2 (SynTerra, 2016a), concluding that no 
unacceptable risks to humans resulted from hypothetical exposure to 
constituents detected in the ash basin and south creek (upstream) areas.  

Based on review and analysis of groundwater and surface water data collected 
since completing the human health and ecological risk assessment in 2016, there 
is no evidence of potential risks to humans and wildlife at the Mayo Site.  This 
update to the human health and ecological risk assessment supports a risk 
classification of “Low”. 

ES.3.5 Land Use 
Land use surrounding the Mayo Plant includes rural, rural residential, 
agricultural, and forest land. Duke Energy-owned and maintained land borders 
the Mayo Plant to the west, east (Mayo Lake), and north (with the exception of 
two undeveloped parcels). A small residential area borders the Site to the south-
southwest. Property within 500 feet of the Mayo Plant compliance boundary is 
owned by Duke Energy with the exception of the undeveloped parcels located 
due north of the northern Plant boundary along Mayo Lake Road. No change in 
land use surrounding the Mayo Site is currently anticipated.   

ES.4 Sampling/Investigation Results 
The comprehensive site assessment included evaluations of the hydrogeological and 
geochemical properties of soil and groundwater at multiple depths and distances from 
the ash basin.  
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ES.4.1 Background Concentration Determinations 
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 – surficial, transition 
zone, and fractured 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 September 1, 
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. 

ES.4.2 Nature and Extent of Contamination 
Site-specific groundwater constituents of interest (COIs) were developed by 
evaluating groundwater sampling results with respect to 2L/IMAC and PBTVs, 
and additional regulatory input/requirements. 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 
considered in determination of groundwater COIs.  

The following list of groundwater COIs has been developed for Mayo:  

 Arsenic  Manganese 
 Barium  Molybdenum 
 Boron  pH 
 Chromium (hexavalent)  Strontium 
 Chromium (total)  Sulfate 
 Cobalt  Total Dissolved Solids (TDS) 
 Iron  Vanadium  

 

Wells monitoring the surficial, transition zone, and bedrock flow units were 
installed beneath the ash basin. Wells completed in the saprolite or transition 
zone beneath the ash basin have PBTV and 2L exceedances for arsenic, barium, 
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boron, cobalt, iron, manganese, molybdenum, strontium, TDS and vanadium (a 
number of which only occur in the transition zone). For the most recent 
monitoring event (March-April 2017), bedrock monitoring wells installed within 
the ash basin indicate only strontium is detected greater than the PBTV. There is 
no 2L standard for strontium. The remaining constituents were not detected in 
the bedrock below the ash basin at concentrations greater than PBTV and 2L.  

At Mayo, boron, manganese, and strontium are key indicators of CCR 
groundwater impacts. Boron is detected at concentrations greater than the 2L 
standard beneath and downgradient (north-northeast) of the ash basin. Boron is 
not detected in background groundwater. Manganese and strontium are 
detected at concentrations greater than PBTV. 

The area farthest downgradient at which boron, manganese, and strontium are 
detected at a concentration greater than applicable 2L and PBTVs is interpreted 
as the leading edge of the CCR-derived plume moving downgradient from the 
source area. For the surficial flow unit, boron, manganese, and strontium were 
detected in monitoring wells screened in Crutchfield Branch alluvium 
downgradient of the ash basin. In the transition zone and bedrock flow units, 
boron and strontium are detected above PBTVs in downgradient wells closest to 
the northern property line. Manganese was detected above PBTVs in a bedrock 
well near the compliance boundary. Boron was not detected in groundwater 
from wells located approximately 1,000 feet downgradient of the property. The 
leading edge of the transition zone and bedrock plume is interpreted to be 
at/near the northern property line.  

The surficial and transition zone flow units at Mayo, though impacted, are not 
vertically extensive. Impact to the bedrock flow unit is present in the upper 50 to 
75 feet of fractured bedrock. The vertical extent of the plume is represented by 
groundwater concentrations in bedrock wells beneath and downgradient of the 
ash basin.  

ES.4.3 Maximum Contaminant Concentrations (Source 
Information) 

The source area at Mayo Plant includes CCR material and pore water 
accumulated in the ash basin.  Ash pore water samples collected from wells 
installed within the ash basins 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 
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wastewater system; therefore, comparison of pore water within the wastewater 
treatment residuals (ash) to 2B or 2L/IMAC is not required.  

Soil samples collected below the ash/soil interface from three locations within the 
ash basin indicate only arsenic concentrations in one soil sample both exceeded 
the calculated soil PBTV and the NCDEQ Preliminary Soil Remediation Goals 
(PSRG) Protection of Groundwater (POG) value. Several other constituents 
exceeded the PBTV only.   

ES.4.4 Site Geology and Hydrogeology 
The subsurface at the Mayo Site 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 granitoid 
gneiss and mica gneiss with minor mica schist and phyllite. 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. For the 
most part, saturated conditions are limited to secondary fractures within the 
underlying bedrock. Saturated conditions in saprolite and the transition zone are 
limited and sporadic across the Site. 

The hydrogeologic characteristics of the ash basin environment are the primary 
control mechanisms on groundwater flow and constituent transport. The basin 
acts as a bowl-like feature toward which groundwater flows from the northwest, 
west, south, and east. Groundwater flows from the highest topographic portion 
of the Site (near the Plant entrance road) to the north and northeast. The flow of 
ponded water within the ash basin is controlled laterally by groundwater flow 
that enters the basin and is controlled downgradient (north-northeast) by the ash 
basin dam and the National Pollutant Discharge Elimination System (NPDES) 
outfall/discharge (east side of basin). The head created by the impounded water 
in the ash basin creates a slight mounding effect that influences the groundwater 
flow direction in the immediate vicinity of the basin. East of the ash basin, there 
is a groundwater divide that separates the Crutchfield Branch flow regime from 
the Mayo Lake flow regime. 
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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. Groundwater and surface water 
flow from the ash basin is funneled into the small valley formed by Crutchfield 
Branch and flows north-northeast from the ash basin into the Crutchfield Branch 
valley, which flows north of the property and into Mayo Creek.  

ES.5 Conclusions and Recommendations 
The investigation described in the CSA presents the results of the assessments required 
by the Coal Ash Management Act (CAMA) and 2L.  The ash basin CCR material pore 
water was determined to be a source of the groundwater contamination. 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 CAP.   

Only one soil sample from below the ash basin contained arsenic at a concentration 
greater than PBTV and the PSRG POG value. Strontium was also detected in the same 
soil sample at concentrations greater than the PBTV. Arsenic is not detected in 
groundwater at concentrations greater than the 2L standard beyond the ash basin waste 
boundary. There is no PSRG POG for strontium. Strontium is present above the 
groundwater PBTVs beyond the compliance boundary in the surficial aquifer only. No 
other COIs were detected in soil beneath the ash basin at concentrations greater than 
both the PBTV and POG.  Shallow soil impacts are anticipated to be addressed through 
basin closure and the CAP. 

Boron is the primary constituent detected in groundwater at concentrations greater than 
background and the 2L standard near or beyond the compliance boundary. Manganese 
and strontium above the respective PBTVs also appear to be indicators of impact to 
groundwater. The interpreted extent of boron concentrations greater than the 2L 
standard is near the compliance boundary in the surficial and transition flow zones. The 
boron concentration is less than 2L standard in the bedrock flow unit near the 
compliance boundary. The interpreted extent of manganese concentrations greater than 
the PBTV and 2L standard is beyond the compliance boundary in the surficial and 
bedrock flow zones; however, the manganese concentration is less than the PBTV 
within the transition zone at the compliance boundary. The interpreted extent of 
strontium concentrations greater than the PBTV extends beyond the compliance 
boundary only within the surficial flow zone. 
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Mayo Plant’s ash basin is currently designated as “Intermediate” risk under CAMA, 
meaning that closure of the ash basin is required by 2024.  The updated evaluation of 
risks has determined no imminent risk to human health or the environment due to 
groundwater, surface water, or sediment impacts. The private water supply wells 
located near the plant are not located in the ash basin groundwater flow path. A "Low" 
risk classification and closure via a cap-in-place scenario are considered viable. 

A preliminary evaluation of groundwater corrective action alternatives is included in 
this CSA to provide insight into the CAP preparation process. For Mayo, the primary 
source control (closure) methods anticipated to be evaluated in the CAP are: 

 Dewater the ash within the basin and cap the residuals with a low permeability 
engineered cover system to minimize infiltration; 

 Excavate the ash to remove the source of the COIs from the groundwater flow 
system; and 

 Potentially some combination of the above. 

The source control (closure) options will be evaluated in the CAP to determine the most 
technically and economically feasible means of removing or controlling the ash and ash 
pore water as a source to the groundwater flow system.  The evaluation will include 
predictive groundwater modeling to evaluate the cost-benefit associated with various 
options. For basin closure, preliminary modeling indicates ash dewatering and 
reduction of the amount of water migrating from the basin to groundwater will have 
the greatest positive impact on groundwater and surface water quality downgradient of 
the ash basin. A well-designed capping system can be expected to minimize ongoing 
migration to groundwater after dewatering.  
 
In addition to source control measures, the CAP will evaluate measures to address 
groundwater conditions associated with the ash basin. Groundwater corrective action 
by monitored natural attenuation (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, and cost. Results of the evaluation, including groundwater fate and 
transport modeling, and geochemical modeling, will be used for remedy selection in the 
CAP.  
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FIGURE ES-1

APPROXIMATE EXTENT OF IMPACTS
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NOTE:

1. OCTOBER, 2016 AERIAL PHOTOGRAPHY OBTAINED FROM GOOGLE EARTH PRO ON

SEPTEMBER 27, 2017, DATED JUNE 13, 2016.

2. STREAM FROM WSP SURVEY, 2014.

3. GENERALIZED GROUNDWATER FLOW DIRECTION BASED ON APRIL 10, 2017 WATER LEVEL

DATA.

4. PROPERTY BOUNDARY PROVIDED BY DUKE ENERGY.

5. GENERALIZED AREAL EXTENT OF MIGRATION REPRESENTED BY NCAC 02L EXCEEDANCES.
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