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EXECUTIVE SUMMARY 

ES.1 Source Information 
Duke Energy Carolinas, LLC (Duke Energy) owns and operates the Belews Creek Steam 
Station (BCSS), which is located on Belews Reservoir in Belews Creek, Stokes County, 
North Carolina.  The Comprehensive Site Assessment (CSA) update was conducted to 
refine and expand the understanding of subsurface geologic/hydrogeologic 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.    

BCSS began operation in 1974 as a coal-fired generating station and currently operates 
two coal-fired units. Prior to 1984, BCSS has disposed of coal combustion residuals 
(CCR) from the coal combustion process in the ash basin located across Pine Hall Road 
to the west-northwest of the station.   The ability to sluice fly ash to the ash basin is 
available but is limited to certain situations (i.e. unit startup/shutdown, equipment 
maintenance and service) but is primarily disposed in permitted landfills located at the 
site.  The station’s ash basin consists of a single cell impounded by an earthen main dam 
located on the north end of the ash basin and an embankment dam located in the 
northeast portion of the basin.  The ash basin main dam was constructed from 1970 to 
1972 and is located approximately 3,200 feet northwest of the BCSS powerhouse.  

The North Carolina Department of Environmental Quality (NCDEQ) Division of Water 
Resources (DWR) currently permits discharge from the ash basin under the National 
Pollutant Discharge Elimination System (NPDES) Permit NC0024406. The discharge 
from the ash basin is through a concrete discharge tower located in the northwest 
portion of the ash basin. The concrete discharge tower drains through a 21-inch inside 
diameter high-density polyethylene (HDPE) conduit for approximately 1,600 feet and 
then discharges into a concrete flume box. From the flume box the discharge is routed 
through the designated effluent channel that flows northwest to the Dan River.  The ash 
basin originally discharged to Belews Reservoir through a concrete discharge tower 
located at the northeast end of the ash basin.  

Assessment results indicate the thickness of CCR in the ash basin ranges from a few feet 
to approximately 66 feet.  Assessment findings determined that CCR accumulated in 
the ash basin is the primary source of impact to groundwater.  The inferred general 
extent of constituent migration in groundwater based on evaluation of concentrations 
greater than both site background and groundwater quality standards is shown on 
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Figure ES-1.  A detailed evaluation of constituent migration is included in the CSA 
update report. 

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 response.   

A Settlement Agreement between NCDEQ and Duke Energy signed on September 29, 
2015, requires accelerated groundwater remediation to be implemented at sites that 
demonstrate off-site groundwater impacts.  Assessment information indicates the 
potential for off-site groundwater impact northwest of the BCSS ash basin toward an 
undeveloped 2.23-acre parcel (hereafter referred to as Parcel A) not owned by Duke 
Energy.   

A groundwater extraction system, located between the ash basin and the southeast side 
of Parcel A, is designed and will be installed to control groundwater flow from the ash 
basin prior to migration toward Parcel A.  The 100% Basis of Design (BOD) report was 
submitted to NCDEQ on September 1, 2017.   

In preparation for the ash basin closure, a dry bottom ash handling system, new 
retention basins, and wastewater treatment systems are being designed and 
constructed.  The reduction of inflows to the basin is an initial abatement measure. 

ES.3 Receptor Information 
In accordance with 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 
One public water supply well was identified within a 0.5-mile radius of the ash 
basin compliance boundary.  It is located at the Withers Chapel United 
Methodist Church (UMC) located offsite approximately 1,750 feet (0.3 miles) 
northeast of the BCSS ash basin, in an area hydraulically upgradient from 
groundwater flow associated with the ash basin.   

ES.3.2 Private Water Supply Wells 
Approximately 50 private water supply wells (including irrigation wells and 
unused wells) were identified within a 0.5-mile radius of the ash basin 
compliance boundary.  The private water supply wells are located hydraulically 
upgradient or sidegradient from the ash basin. 



2017 Comprehensive Site Assessment Update October 2017 
Belews Creek Steam Station SynTerra 
 

Page ES-3 
 

P:\Duke Energy Carolinas\20. BELEWS CREEK\CSA UPDATE OCT 2017\Belews Creek CSA October 2017 FINAL.docx 

Private water supply wells are assumed to be open borehole bedrock wells.  The 
water supply well data does not reflect characteristic ash basin constituents.  
Constituent concentrations in bedrock groundwater directly downgradient of the 
ash basin are less than 2L with the exception of manganese, which appears to be 
due to geochemical conditions. The water chemistry signature of the water 
supply wells is similar to the background bedrock wells at the site.  Although 
several water supply well concentrations reported are greater than the site 
specific provisional background threshold values (PBTVs), the concentrations are 
within the background concentration range for similar Piedmont geologic 
settings.    

ES.3.3 Surface Water Bodies 
Several surface water bodies flow from the topographic divide along Middleton 
Loop Road toward the Dan River within a 0.5-mile radius of the ash basin.  
Belews Reservoir is also located within the 0.5-mile receptor survey radius.  
Surface water intakes include two from Belews Reservoir for BCSS plant 
operations and for water trucks at the Craig Road Landfill.  A backup intake is 
located on the Dan River.  The surface water intakes are for non-potable uses. 

ES.3.4 Human and Ecological Receptors  
A baseline human health and ecological risk assessment was performed in 2016 
as a component of Corrective Action Plan (CAP) 2 (HDR, 2016).  Water supply 
well data collected since the risk assessment was completed indicates several 
wells located to the west-southwest and northeast of the ash basin had 
concentrations of chromium, cobalt, iron, manganese, vanadium that exceeded 
their respective  water quality standards, however all reported concentrations 
were less than their respective EPA risk-based tap water screening levels. As 
previously noted, the wells are located upgradient or a sufficient distance 
sidegradient to not be impacted by groundwater migration from the ash basin.   

The ecological risk assessment considered surface water data associated with 
Belews Reservoir beyond the extent of constituent migration in groundwater 
from the ash basin.  As such, the findings for the Belews Reservoir do not imply 
adverse effects associated with groundwater to surface water migration from the 
ash basin.  This exposure route will be further evaluated through direct surface 
water sampling and predictive modeling as part of the CAP.  To date, 2B and 
EPA water quality criteria have not been exceeded in waters proximal to areas of 
groundwater impact. 
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ES.3.5 Land Use 
The area surrounding BCSS generally consists of residential properties, farm 
land, undeveloped land, and Belews Reservoir.  Properties located within the 0.5-
mile radius of the BCSS ash basin compliance boundary generally consist of 
residential properties located to the southwest and residential farm land 
northeast, north, and west. Duke Energy property is located to the north, 
northwest, south, and east with Belews Reservoir to the south and east.  No 
change in surrounding land use 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.    

ES.4.1 Background Concentration Determinations 
Naturally occurring background concentrations, Provisional Background 
Threshold Values (PBTVs), were determined using statistical analysis for both 
soil and groundwater at the site.  Statistical determinations of 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 background 
monitoring well network consists of wells installed within three flow layers – 
shallow, deep (transition zone), and fractured bedrock.  Background datasets 
were used to statistically determine naturally occurring concentrations of 
inorganic constituents in soil and groundwater. As of September 1, 2017, DEQ 
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/IMACs 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.   
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The following list of groundwater COIs has been developed for BCSS: 

 Antimony  Iron 
 Arsenic  Manganese 
 Barium  Molybdenum  
 Beryllium   pH 
 Boron  Selenium 
 Cadmium  Strontium 
 Chloride  Sulfate 
 Chromium (hexavalent)  TDS (Total Dissolved Solids) 
 Chromium (total)  Thallium 
 Cobalt  Vanadium 

Boron is a CCR-derived constituent in groundwater and is detected at 
concentrations greater than the 2L standard beneath and downgradient of the 
ash basin. Boron is not detected in background groundwater. The horizontal 
extent of boron concentrations greater than 2L approximates the leading edge of 
the CCR-derived plume from the source areas (Figure ES-1).   

Boron is detected in groundwater at concentrations greater than 2L in the 
shallow flow layer primarily north of the ash basin main dam, within the 
compliance boundary, and northwest of the ash basin, at or beyond the 
compliance boundary.  In the deep flow layer boron concentrations greater than 
2L occur beneath the ash basin and the Pine Hall Road Landfill, north of the ash 
basin main dam, within the compliance boundary, and northwest of the ash 
basin, at or beyond the compliance boundary.   

Boron concentrations greater than 2L are also reported west of the Structural Fill, 
which is south of the ash basin and topographic divide along Pine Hall Road.  
The boron south of Pine Hall Road appears to be related to the Structural Fill 
where an assessment is ongoing.  Boron concentrations less than 2L have been 
reported in the bedrock flow layer with the exception of a grout contaminated 
well beneath the ash basin main dam.  

Beryllium, chloride, chromium, cobalt, manganese, and thallium are also 
constituents detected in groundwater greater than background and 2L/IMAC 
near or beyond the compliance boundary.  The interpreted extent of beryllium 
concentrations greater than background and the IMAC is beyond the compliance 
boundary in the shallow and deep flow layers. Beryllium was not reported at a 
concentration greater than the IMAC in the bedrock flow layer. The interpreted 
extent of chloride concentrations greater than 2L at and beyond the compliance 
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boundary is in the shallow and deep flow layers.  Chloride was not reported at a 
concentration greater than 2L in the bedrock flow layer. The interpreted extent of 
chromium concentrations greater than 2L at and beyond the compliance 
boundary is in the shallow and deep flow layers.  Chromium was not reported at 
a concentration greater than 2L in the bedrock flow layer. The interpreted extent 
of cobalt concentrations greater than IMAC at and beyond the compliance 
boundary is in the shallow flow layer only.  Cobalt exceedances were not 
reported in the deep and bedrock flow layers.  The interpreted extent of 
manganese concentrations greater than 2L at and beyond the compliance 
boundary is in the shallow, deep, and bedrock flow layers.  The interpreted 
extent of thallium concentrations greater than the IMAC at and beyond the 
compliance boundary is in the shallow and deep flow layers.  Thallium was not 
reported at a concentration greater than 2L in the bedrock flow layer.  

The bedrock aquifer is generally the source of water for supply wells in the area.  
As outlined above, the bedrock aquifer has not been impacted by CCR 
constituent migration from the ash basin with the exception of a grout 
contaminated well beneath the ash basin main dam.  The manganese 
concentrations reported in bedrock groundwater are likely due to natural 
geochemical conditions. 

In ash basin locations where soil samples were collected beneath the ash, 
analytical results indicate arsenic and selenium concentrations greater than 
PBTVs and PSRGs for POG are present.  Strontium was also reported in five of 
the soil samples collected beneath the ash basin at concentrations greater than the 
background concentration.  There is no PSRG POG for strontium.  No other COIs 
were detected in soil beneath the ash basin at concentrations greater than PBTVs 
or PSRG POGs.   

ES.4.3 Maximum Contaminant Concentrations  
(Source Information) 

The source areas at BCSS include CCR material in the ash basin including the 
former chemical pond and the Pine Hall Road Landfill.  Ash pore water samples 
collected from wells installed within the ash basin and screened in the ash layer 
have been monitored since 2015. The concentrations of detected constituents 
have been relatively stable with minor fluctuations.  The ash basins are permitted 
wastewater systems; therefore comparison of pore water within the wastewater 
treatment residuals (ash) to 2B or 2L/IMAC is not required. 



2017 Comprehensive Site Assessment Update October 2017 
Belews Creek Steam Station SynTerra 
 

Page ES-7 
 

P:\Duke Energy Carolinas\20. BELEWS CREEK\CSA UPDATE OCT 2017\Belews Creek CSA October 2017 FINAL.docx 

Soil samples collected below the ash/soil interface from locations within the ash 
basins indicate arsenic, selenium, and strontium reported at concentrations 
greater than their respective PSRG Protection of Groundwater (POG) and/or soil 
PBTV values.   

ES.4.4 Site Geology and Hydrogeology 
Based on the site investigation, the groundwater system in natural materials 
(soil, soil/saprolite, and bedrock) at the BCSS site is consistent with the regolith-
fractured rock system and is an unconfined, connected aquifer system. Regolith 
is underlain by a transition zone (TZ) of weathered rock which transitions to 
competent bedrock. The groundwater system at the BCSS site is divided into 
three flow layers referred to in this report as the shallow, deep (TZ), and bedrock 
layers, so as to distinguish unique characteristics of the connected aquifer 
system.  The shallow flow layer generally consists of surficial material such as 
soil and fill. The deep flow layer includes both saprolite and weathered rock, 
while the bedrock layer is competent bedrock with limited fractures.  

A topographic and hydrologic divide (highest topographic portion of the Site) is 
generally located along Pine Hall Road south of the ash basin.  Groundwater 
flow contours developed from water level elevations measured in the shallow, 
deep and bedrock wells indicate groundwater flow from the ash basin is 
generally to the north and northwest toward the Dan River and to the east 
toward Belews Reservoir. 

ES.5 Conclusions and Recommendations 
The investigation described in the CSA presents the results of the assessments required 
by CAMA and 2L.  The ash basin was determined to be a source of the groundwater 
contamination. 

The BCSS ash basin is currently designated as “Intermediate” risk under CAMA, 
requiring closure of the ash basin by 2024. However, groundwater and surface water 
quality data provide no indications of potential risk to human and wildlife receptors 
related to constituent migration through the groundwater pathway from the ash basin.  
These findings support a proposed “low” risk classification. 

Impacts to soil were determined to be limited to a shallow interval below the ash. Soil 
samples collected from below the ash basin exhibited concentrations greater than POG 
PSRGs and/or PBTVs for arsenic, selenium and strontium. Those shallow soil impacts 
are anticipated to be addressed through basin closure and the CAP.  
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Boron, beryllium, chloride, chromium, cobalt, manganese, and thallium are the primary 
constituents detected in groundwater greater than PBTVs and 2L/IMAC near or beyond 
the compliance boundary.  The interpreted extent of exceedances are within the shallow 
and/or deep flow layers with the exception of manganese.  

The bedrock aquifer is generally the source of water for supply wells in the area.  As 
outlined above, the bedrock aquifer has not been impacted by CCR constituent 
migration from the ash basin with the exception of a grout contaminated well beneath 
the ash basin main dam.  The manganese concentrations reported in bedrock 
groundwater are likely due to natural geochemical conditions. 

A preliminary evaluation of groundwater corrective action alternatives is included in 
this CSA to provide insight into the CAP preparation process. For BCSS, 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 

 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, 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, feasibility, and 
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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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