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Executive Summary 

On August 20, 2014, the North Carolina General Assembly passed Senate Bill 729, the Coal 

Ash Management Act of 2014 (CAMA). Section § 130A-309.209 of the bill requires the owner of 

a coal combustion residuals surface impoundment to submit a Groundwater Assessment Work 

Plan (Work Plan) to the North Carolina Department of Environment and Natural Resources 

(NCDENR) no later December 31, 2014 and a Groundwater Assessment Report (herein 

referred to as a Comprehensive Site Assessment [CSA]) no later than 180 days following 

approval of the Work Plan. Duke Energy Carolinas, LLC (Duke Energy) submitted a Work Plan 

to NCDENR for assessment and characterization of the Dan River Steam Station (DRSS) ash 

basin and ash storage areas on December 29, 2014. The Work Plan was subsequently 

conditionally approved by the NCDENR in correspondence dated February 16, 2015. This CSA 

report was prepared to comply with the CAMA and is submitted to NCDENR within the allotted 

180 day timeframe. Data generated during the CSA will be used in development of the 

Corrective Action Plan (CAP), due 90 days after submittal of this CSA. 

The purpose of this CSA is to characterize the extent of contamination resulting from historical 

production and storage of coal ash, evaluate the chemical and physical characteristics of the 

contaminants, investigate the geology and hydrogeology of the site including factors relating to 

contaminant transport, and examine risk to potential receptors and exposure pathways. This 

CSA was prepared in general accordance with requirements outlined in the following regulations 

and documents: 

 Classifications and Water Quality Standards Applicable to the Groundwaters of North 

Carolina in Title 15A NCAC 02L .0106(g);  

 Coal Ash Management Act in G.S. 130A-309.209(a);  

 Notice of Regulatory Requirements (NORR) issued by NCDENR on August 13, 2014; 

 Conditional Approval of Revised Groundwater Assessment Work Plan issued by 

NCDENR on February 16, 2015; and 

 Subsequent meetings and correspondence between Duke Energy and NCDENR. 

The assessment addresses the horizontal and vertical extent of contamination in soil, 

groundwater, and surface water. If a constituent1 concentration exceeded the North Carolina 

Groundwater Quality Standards, as specified in T15A NCAC .0202L (2L Standards) or Interim 

Maximum Allowable Concentration (IMAC)2, it has been designated as a “Constituent of 

Interest” (COI). Some COIs (e.g., iron and manganese) are also present in background 

monitoring wells and thus require careful examination to determine whether their presence 

downgradient of the ash basin or ash storage areas is naturally occurring or a result of ash 

                                                
1
 Constituents are elements, chemicals, or compounds that were identified in the approved Work Plan for sampling 

and analysis, and include antimony, arsenic, boron, chromium, cobalt, iron, manganese, selenium, thallium, 
vanadium, sulfate, and total dissolved solids (TDS). 
2
 Appendix #1 of 15A NCAC Subchapter 02L Classifications and Water Quality Standards Applicable to The 

Groundwaters of North Carolina, lists Interim Maximum Allowable Concentrations (IMACs). The IMACs were issued 
in 2010 and 2011; however, NCDENR has not established a 2L Standard for these constituents as described in 15A 
NCAC 02L.0202(c). For this reason, IMACs noted in this report are for reference only.  



Duke Energy Carolinas, LLC | Comprehensive Site Assessment Report 
Dan River Steam Station Ash Basin 

EXECUTIVE SUMMARY  
 

 

ES-2 
 

handling and storage. In addition to evaluating the distribution of constituents across the DRSS 

site, significant factors affecting constituent transport, and the geological and hydrogeological 

features influencing the movement and chemical and physical character of the COIs were also 

evaluated.  

The assessment consisted of the following activities: 

 Completion of soil borings and installation of groundwater monitoring wells to faciliatate 

collection and analysis of chemical, physical, and hydrogeological parameters of 

subsurface materials encountered within and beyond the waste and compliance 

boundaries; 

 Evaluation of testing data to supplement the Site Conceptual Model (SCM); 

 Revision to the Receptor Survey previously completed in 2014; and 

 Completion of a Screening-level Risk Assessment. 

 

Based on scientific evaluation of historical and new data obtained during completion of the 

above-referenced activities, the following conclusions can be drawn: 

 No imminent hazard to human health or the environment has been identified as a result 

of groundwater migration from the ash basin or ash storage areas. Recent groundwater 

assessment results are consistent with previous results from historical and routine 

compliance boundary monitoring well data.    

 Upgradient, background monitoring wells contain naturally occurring metals and other 

constituents at concentrations that exceeded their respective 2L Standards or IMACs. 

This information is used to evaluate whether concentrations in groundwater 

downgradient of the basin and ash storage areas are also naturally occurring or might be 

influenced by migration of constituents from the ash basin and ash storage areas. 

Examples of naturally occuring metals and consituents include cobalt, iron, manganese, 

thallium, total dissolved solids (TDS), and vanadium. These metals and constituents 

were detected in background groundwater samples at concentrations greater than 2L 

Standards or IMACs. 

 Groundwater in the shallow aquifer under the DRSS ash basin and under the ash 

storage areas flows horizontally to the southeast and discharges to the Dan River. This 

flow direction is away from the direction of the nearest public or private water supply 

wells. The Dan River serves as a lower hydrologic boundary for groundwater within the 

shallow aquifer, and serves as a discharge feature for shallow groundwater flow from the 

ash basin. Regional groundwater flow in the vicinity of the DRSS is south/southeast 

toward the Dan River.There are no water supply wells located between the ash basin 

and the Dan River. 

 Groundwater data identified a local groundwater divide north of Ash Storage 1 where 

groundwater in the shallow aquifer intially flows north prior to intersecting an unnamed 

tributary to the Dan River which then flows in a southeasterly direction towards the Dan 

River.  
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 There are no indications of exceedances of 2L Standards or IMACs north of the DRSS 

site attributable to the ash storage areas. Residences located north of the ash storage 

areas are serviced by municipal water. 

 Surface water quality data for samples collected within the Dan River during this CSA 

indicate that the water quality in the river has not been imapcted by ash above the North 

Carolina Surface Water Quality Standards (2B Standards). 

 There are no known exceedances of 2L Standards for arsenic and boron beyond the 

DRSS property boundary. Arsenic and boron are the primary constituents detected in 

shallow aquifer in the three-dimensional area beneath the ash basin with measured 

concentrations exceeding background concentrations and 2L Standards.  

 The horizontal migration of boron in the shallow aquifer best represents the dominant 

flow and transport system. Vertical migration of constituents is genearlly limited by 

underlying bedrock.Boron is highly soluble and was identified by the USEPA as one of 

the leading indicators for releases of contaminants from ash. Because of these 

characteristics, boron can be used to represent the general extent of the shallow aquifer 

impacted by the ash basin and ash storage areas 

 TDS and sulfate exceeded the 2L Standards in an isolated area east of the DRSS 

historical site property boundary. Based on the relatively low concentrations of other 

ash-related constituents in these wells, the presence of TDS and sulfate may not be 

attributed to groundwater migration from the ash basin.  

 Aluminum, arsenic, chromium, cobalt, copper, lead, thallium, and zinc exceeded the 2B 

Standards in the surface water sample (SW-3) collected from the unnamed tributary to 

the Dan River located east of the Secondary Cell. It should be noted that boron was not 

detected in levels that exceeded 2B Standards at this location.  However, analyses of 

surface water sample SW-6, collected from the Dan River near the confluence with the 

tributary stream, indicate that the Dan River has not been adversely affected by the 

water quality at sample location SW-3.  

Note that as required to by CAMA, Duke Energy has agreed to remove the ash in the ash basin 

and ash storage areas via excavation. Approximately 1.2 million tons of ash will be transported 

to a lined landfill. It is anticipated that the remainder of ash will be placed into a lined landfill to 

be constructed in the vicinity of Ash Storage 1. The initial phase of ash removal is scheduled to 

commence 60 days after all necessary permits and approvals are obtained. Closure of the ash 

impoundments is anticipated to occur by August 2019. 

ES.1 Source Information 

Duke Energy owns and formerly operated the Dan River Steam Station, located on the Dan 

River in Rockingham County near Eden, North Carolina. DRSS began operation as a coal-fired 

generating station in 1949 and was retired from service in 2012. The Dan River Combined Cycle 

Station (DRCCS) natural gas generating facility was constructed at the site and began 

operations in 2012. Historically, coal ash residue from DRSS’s coal combustion process was 

disposed of in the ash basin system located northeast of the station and adjacent to the Dan 

River. Discharge from the ash basin system is currently permitted by the NCDENR’s Division of 



Duke Energy Carolinas, LLC | Comprehensive Site Assessment Report 
Dan River Steam Station Ash Basin 

EXECUTIVE SUMMARY  
 

 

ES-4 
 

Water Resources (DWR) under the National Pollutant Discharge Elimination System (NPDES) 

Permit NC0003468. 

The ash basin system at the plant was used to retain and settle ash generated from coal 

combustion at DRSS. The ash basin system is located adjacent to the Dan River and consists 

of a Primary Cell, a Secondary Cell, and associated embankments and outlet works. The ash 

basin cells are unlined and are not currently closed. Two ash storage areas also exist to the 

north and upgradient of the Primary and Secondary Cells and consist of ash dredged from the 

Primary Cell. The ash storage areas are unlined and have a vegetative soil cap. 

The ash basin was operated as an integral part of the site’s wastewater treatment system. 

During operation of the coal-fired units, the ash basin received variable inflows of fly ash, bottom 

ash, pyrites, stormwater runoff (including runoff from the coal pile), cooling water, powerhouse 

floor drains, sanitary waste effluent, station yard drainage sump, and boiler chemical cleaning 

wastes. The coal ash was historically sluiced to the southwest corner of the Primary Cell on a 

variable basis (i.e., dependent on DRSS operations) via sluice pipes. 

The CSA found that exceedances of ash-related constituents in soil, groundwater, and surface 

water are likely the result of leaching from the coal ash contained in the ash basin and ash 

storage areas. However, exceedances of iron, manganese, and vanadium may be due in part to 

naturally occurring conditions based on a review of background groundwater quality data. 

ES.2 Initial Abatement and Emergency Response 

On February 2, 2014, a portion of the 36-inch corrugated metal stormwater pipe, which was 

located under the Primary Cell of the ash basin, failed and released up to 39,000 tons of coal 

ash into the Dan River. Immediate action was taken to stop the release and begin assessment 

of the environmental impact. Ash deposits were removed from the immediate vicinity of the pipe 

failure and other downstream locations. Duke Energy has worked extensively with various 

federal, state, and local agencies to address the coal ash release to the Dan River including 

removal of an estimated 4,000 cubic yards of coal ash and extensive environmental quality 

monitoring.  

According to a January 27, 2015 U.S. Environmental Protection Agency (USEPA) Information 

Update related to the release, “Following extensive surface water and sediment sampling, no 

further ash removal is planned. There have been no exceedances of human health screening 

thresholds, or any recent exceedances of ecological screening thresholds, for contaminants 

associated with ash. Further, removal of ash [in] some places could be more detrimental to the 

ecosystem than leaving it in place.” Long-term ash deposition monitoring through July 2015 was 

also directed by an Administrative Order of Consent between the USEPA and Duke Energy. 

The USEPA has overseen ash deposition sampling to date and will determine whether 

additional ash deposition sampling is required beyond July 2015. 
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ES.3 Receptor Survey 

Properties located within a 0.5-mile radius of the DRSS ash basin compliance boundary are 

located in and southeast of Eden, Rockingham County, North Carolina.  The majority of the land 

is undeveloped property.  Residential properties are located north and northwest of the ash 

basin compliance boundary within the 0.5-mile radius.  One residence is located south of DRSS 

across the Dan River within the 0.5-mile radius.  Two industrial properties are located northeast 

of DRSS; one of these properties has a wastewater treatment plant discharging into the Dan 

River.  Farm land is located southeast of the station across the Dan River.  

Duke Energy submitted a receptor survey to the NCDENR (HDR 2014a) in September 2014, 

and subsequently submitted to NCDENR a supplement to the receptor survey (HDR 2014b) in 

November 2014. The update included contacting and/or reviewing the agencies/records to 

identify public and private water supply sources identified and reviewing questionnaires that 

were received after the submittal of the November 2014 supplement to the September 2014 

receptor survey (i.e. questionnaires received after October 31, 2014). 

The purpose of the receptor survey was to identify the exposure locations that are critical to be 

considered in the groundwater transport modeling and human health risk assessment.  

The updated survey activities included contacting the following agencies and/or reviewing the 

following records to identify public and private water supply sources, confirm the location of 

wells, identify surface water features, and/or identify any wellhead protection areas located 

within a 0.5-mile radius of the DRSS ash basin compliance boundary: 

 NCDENR Department of Environmental Health (DEH) Public Water Supply Section’s 

(PWSS) most current Public Water Supply Water Sources GIS point data set;  

 NCDENR DWR Source Water Assessment Program (SWAP) online database for public 

water supply sources;  

 Environmental Data Resources (EDR) local/regional water agency records review; 

 Rockingham County Environmental Health Department;  

 City of Eden Director of Environmental Services;  

 Dan River Water Inc., a private water utility company; and 

 United States Geological Survey (USGS) National Hydrography Dataset (NHD) 

 

The review of these records identified three private water supply wells and one private water 

supply spring, not currently in use, and several tributaries to the Dan River within a 0.5-mile 

radius of the ash basin compliance boundary. All three water supply wells are located more than 

2,000 feet away from the Dan River ash basin compliance boundary and are either upgradient 

or across the Dan River from the ash basin system. No public water supply wells or wellhead 

protection areas were identified within a 0.5-mile radius of the ash basin compliance boundary. 

No water supply wells (including irrigation wells and unused or abandoned wells) were identified 

within the ash basin potential area of interest. Several unnamed tributaries were identified 

adjacent to or downgradient of the DRSS site. No information gathered as part of this 

assessment suggests that water supply wells or springs located within the 0.5-mile radius of the 

compliance boundary are impacted by the Dan River ash basin system.  
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ES.4 Sampling / Investigation Results 

ES.4.1 Background Findings 

As part of the CSA, Duke Energy installed four additional background monitoring wells (one 

shallow, two deep, and one bedrock monitoring well) and three soil borings to provide 

background soil and groundwater quality data. The background locations selected were away 

from areas that may have potentially been impacted by site activities and would not be impacted 

by groundwater flow from areas potentially impacted by ash. Analyses of groundwater samples 

collected from these additional and existing background wells indicated that the following 

naturally occurring constituents exceeded 2L Standards or IMACs in background locations: 

cobalt, iron, manganese, pH, thallium, TDS, and vanadium. The results for all other constituents 

were reported below 2L Standards or IMACs. 

Constituent of Interest 
Groundwater 2L Standard 

or IMACs (µg/L) 
Range of Exceedances 

Antimony 1 <0.5 µg/L (BG-5S) to 1.21 µg/L (MW-23BR) 

Arsenic 10 <0.5 µg/L (BG-5D) to 6.36 µg/L (MW-23BR) 

Beryllium 4 0.087 µg/L (MW-23BR) to <0.2 µg/L (BG-5S) 

Chromium 10 0.22 µg/L (MW-23BR) to 1.2 µg/L (BG-5D) 

Cobalt 1 1 µg/L (MW-23BR) to 2.1 µg/L (BG-5D) 

Iron 300 110 µg/L (MW-23BR)  to 890 µg/L (BG-5S) 

Lead 15 0.057 µg/L (MW-23D) to 0.078 µg/L (BG-5D) 

Manganese 50 110 µg/L (BG-5S)  to 910 µg/L (BG-5D) 

pH 6.5-8.5 6.89 µg/L (MW-23D) to 7.45 µg/L (MW-23D) 

Selenium 20 <1.0U µg/L (MW-23BR) to <0.5 µg/L (BG-5S) 

Sulfate 250,000 29,800 µg/L (BG-5D) to 41,300 µg/L (MW-23D) 

Thallium 0.2 < 0.1 µg/L (MW-23D) to 0.019 µg/L (BG-5S) 

TDS 500,00 175,000 µg/L (BG-5S) to 252,000 µg/L (MW-23D) 

Vanadium 0.3 <1.0 µg/L (BG-5D) to 2.6 µg/L (MW-23D) 

ES.4.2 Nature and Extent of Contamination 

Soil and groundwater beneath the ash basin and ash storage areas (within the compliance 

boundary) have been impacted by ash handling and storage at the DRSS site as described 

below. Concentrations of selected constituents exceeded their respective 2L Standards or 

IMACs in groundwater beyond the compliance boundary. The extent of the contamination is 

noted below: 

ES.4.2.1  Groundwater – Shallow Aquifer 

Arsenic and boron were the primary constituents detected in groundwater at concentrations that 

exceeded the background concentrations and 2L Standards. Both constituents were detected 

above the 2L Standards in a three-dimensional area beneath the ash basin and ash storage 

areas in the shallow aquifer. Boron is highly soluble and was identified by the USEPA as one of 
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the leading indicators for releases of contaminants from ash. There are no known exceedances 

of 2L Standards for arsenic or boron beyond the DRSS property boundary. 

TDS and sulfate exceeded the 2L Standards in an isolated area east of the DRSS historical site 

property boundary. Based on the relatively low concentrations of other ash-related constituents 

in these wells, the presence of TDS and sulfate may not be attributable to groundwater 

migration from the ash basin.  

Within the shallow aquifer, three COIs were identified boron, sulfate, and TDS. Boron, sulfate, 

and TDS rarely exceeded their respective 2L Standards in shallow groundwater samples but are 

mobile and were noted at higher concentrations within and in the immediate vicinity of the ash 

basin and ash storage areas than in background wells and other areas of the site likely not 

influenced by the ash basin or ash storage areas. Four other COIs identified in the shallow 

aquifer were isolated in specific locations and do not appear to be transported across the site: 

antimony, chromium, selenium, and thallium. 

Because of these characteristics, boron can be used to represent the general extent of the 

shallow aquifer impacted by the ash basin and ash storage areas.  

Boron, TDS and sulfate concentrations in shallow aquifer are shown on Figure ES-1. Vertical 

migration of constituents is generally limited by the underlying bedrock.  

ES.4.2.2  Groundwater - Bedrock Aquifer 

Three of the constituents with concentrations in excess of 2L Standards and IMAC in the 

bedrock aquifer (iron, manganese, and vanadium) were found to be naturally occurring metals 

in the background wells. Nine other constituents were found in the bedrock aquifer in 

concentrations greater than their 2L Standards or IMAC: antimony, arsenic, boron, chromium, 

cobalt, selenium, sulfate, TDS, and thallium. These were detected in isolated locations and 

existing evidence indicates that they have not migrated extensively across the site or beyond 

the compliance boundary.  

ES.4.2.3 Groundwater - East of the Ash Basin 

The unnamed tributary stream located to the east of the Secondary Cell is likely a discharge 

location for groundwater flowing east from the Secondary Cell. Analytical results from surface 

water sample location SW-3 exceeded the 2B Standards for aluminum, arsenic, chromium, 

cobalt, copper, lead, and zinc. The results of analyses from surface water sample location SW-

6, collected from the Dan River near the confluence with the tributary stream, indicate that the 

Dan River has not been adversely affected by the water quality in the stream containing sample 

location SW-3. A review of constituent data from adjacent well MW-21S is inconclusive as to the 

correlation of the groundwater chemistry, background well data, and the SW-3 results. 

ES.4.2.4 Seep Samples 

Seep sampling results at the DRSS site have identified four COIs as primary constituents in the 

seep water: cobalt, iron, manganese, and vanadium.  
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Comparing COI concentrations in the seep water to the maximum COI concentrations 

encountered in groundwater sampled from the background wells indicates four seep locations 

(CCSW001, CCSW002, DRRC001, and S-1) where at least one seep COI concentration 

exceeded the maximum groundwater COI concentration.  Four COIs were identified in the seep 

water are cobalt, iron, manganese, and vanadium.  One or more of the identified COIs 

exceeded applicable standards for all seep samples collected. 

ES.4.2.5 Soil, Rock, and Sediment Samples 

Soil samples were obtained from 38 separate locations during CSA drilling activities within the 

DRSS site (including locations beneath the ash basin and ash storage areas).  Seven COIs 

were identified in soil samples obtained from these locations:  arsenic (21 locations), boron (4 

locations), cobalt (37 locations), iron (38 locations), manganese (37 locations), selenium (16 

locations), and vanadium (38 locations). With the exception of boron and selenium, all of these 

COIs appear in one or more of the background soil boring locations at concentrations exceeding 

the applicable soil standard. The COI concentrations observed in the soil from the various 

locations within the DRSS site generally bracket the concentrations observed in soil samples 

from the background locations or within reasonable proximity of the bracketed background 

concentrations. 

Rock samples (including partially weathered rock [PWR] samples) were obtained from 15 

separate locations during CSA drilling activities within the DRSS site, including locations 

beneath the ash basin and ash storage areas.  Seven COIs were identified in rock samples 

obtained from these locations: arsenic (9 locations), barium (1 location), cobalt (14 locations), 

iron (15 locations), manganese (14 locations), selenium (5 locations), and vanadium (14 

locations). With the exception of barium, all of these COIs appear within the background 

locations where rock was obtained (BG-5D and MW-23BR) at concentrations exceeding the 

applicable soil standards. 

Sediment samples were obtained from 3 seep and 6 surface water locations at the DRSS site.  

Five COIs were identified in the sediment samples: arsenic (3 locations), cobalt (8 locations), 

iron (9 locations), manganese (9 locations), and vanadium (9 locations).  With the exception of 

arsenic, all of these COIs appear within the background locations where sediment was obtained 

(SW-5 and SW-8) at concentrations exceeding the applicable soil standards. 

ES.4.3 Maximum Contaminant Concentrations 

The maximum contaminant concentrations reported in groundwater, ash porewater, seep water, 

and ash basin surface water samples collected during the CSA are listed below. 
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Constituent of 

Interest 

Maximum Constituent of Interest Concentrations 

Groundwater 

(µg/L) 

Ash Porewater 

(µg/L) 

Seep Water 

(µg/L) 

Ash Basin Surface Water 

(µg/L) 

Aluminum 6,940 13,200 3,410 613 

Antimony 2.9 9.8 N/A 1.21 

Arsenic 809 422 1.68 51.1 

Barium 380 810 74 99 

Beryllium 3.7 12.1 N/A N/A 

Boron 1,310 630 130J+ 364 

Cadmium 1.8 1.3 N/A N/A 

Chromium 30.1 50 3.86 N/A 

Cobalt 29.2 34.1 4.88 N/A 

Copper 10.9 197 6.15J+ 5.11J+ 

Iron 36,400 25,100 5,720 323 

Lead 9.42 77.4 3.97 N/A 

Manganese 3,700 1,500 2,200 154 

Nickel 46.9 70.1 3.3 2.5 

Selenium 35.3 12.2 N/A 2.87 

Sulfate 416,000 125,000 38,400 90,000 

TDS 873,000 358,000 211,000 270,000 

Thallium 0.55 3.4 0.036J N/A 

Vanadium 15.3 254 8.06 6.65 

Zinc 390 51 11J+ 212 

Notes: 

1. N/A indicates that a constituent was not detected above the reporting detected limit. 

2. J indicates an estimated concentration. 

3. J+ indicates an estimated concentration, biased high. 

ES.4.4 Source Characterization 

Source characterization was performed through the completion of borings and installation of 

groundwater monitoring wells within the footprint of the ash basin cells and ash storage areas, 

and associated solid matrix (ash) and aqueous sample (ash porewater) collection and analysis. 

Ash samples were collected for analysis of physical characteristics (e.g., grain size, porosity) to 

provide data for evaluation of retention/transport properties within and beneath the ash basin 

and ash storage areas. Ash samples were collected for analysis of chemical characteristics 

(e.g., total inorganics, leaching potential). The results of the characterization will be used to 

refine the SCM and provide data for use in the CAP. 

Review of laboratory analytical results of ash samples collected from the ash basin and ash 

storage areas identified eight COIs: arsenic, barium, boron, cobalt, iron, manganese, selenium, 

and vanadium. COIs identified in porewater in the ash basin included antimony, arsenic, barium, 

beryllium, chromium, cobalt, iron, lead, manganese, thallium, and vanadium. COIs identified in 

porewater in the ash storage areas included arsenic, boron, chromium, cobalt, iron, manganese, 

pH, and vanadium. COIs identified in surface water within the basin included aluminum, arsenic, 

copper, and zinc. 
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SPLP (Synthetic Precipitation Leaching Procedure (SPLP) testing was conducted to evaluate 

the leaching potential of constituents from ash. Results of the SPLP analyses indicated that the 

following COIs exceeded their 2L Standards: antimony, arsenic, barium, beryllium, chromium, 

cobalt, iron, lead, manganese, selenium, thallium, and vanadium. However, many factors 

influence the transport of these COIs and potential impacts to groundwater over time will be 

investigated through modeling as part of the CAP. 

Four seeps (S-1 through S-4) associated with the DRSS ash basin and four NCDENR-identified 

seeps (INFSW009, CSSW001, CCSW002OUT, and DRRC001) were planned to be sampled 

during this CSA. Seeps S-2, S-3, S-4 and INFSW009 were dry at the time of sampling. Several 

attempts were made to obtain these samples, but were unsuccessful. Constituents that 

exceeded the 2L Standards in seep samples were cobalt, iron, manganese, and vanadium.  

ES.4.5 Regional Geology and Hydrogeology 

The DRSS site is located in the Dan River Triassic Basin within the Piedmont Physiographic 

province. The Dan River Triassic Basin is in the western belt of rift basins and is bounded on the 

southeast by the Milton terrane. The basin is one of several exposed rift basins that form two 

parallel belts that strike northeasterly within the Piedmont province. The basins are aligned 

subparallel to the Appalachian terranes (Figure 5-1). The Appalachian terranes formed along 

pre-existing zones of faulting and then subsided during a period of crustal stretching (Olsen et 

al. 1991).  

The contact between the Triassic rocks of the basin and the crystalline rocks of the Milton belt 

along the southeast basin margin is an unconformity, but several minor, northwest dipping 

normal faults are present locally (Thayer 1970). Minor, interbasin normal faults are present. The 

sedimentary rocks of the basin consist of interbedded conglomerate, sandstone, mudstone, 

siltsone, shale, and thin coal beds (Olsen et al. 1991; Thayer and Robbins 1992). The rocks dip 

moderately to steeply northwest toward the Chatham fault zone (Thayer 1970). 

The hydrogeologic regime in the Dan River Basin is characterized by fractured, bedded 

sedimentary sequences underlying soil and saprolite. Groundwater may occur under both 

unconfined, water table conditions (similar to most Piedmont crystalline sites) and confined 

conditions. Controls of groundwater flow are a combination of the interaction of factors including 

topography, stratigraphic sequence and lithology, distribution and intensity of fractures, 

presence of diabase intrusions (both dikes and sills), basalt flows, and weathering processes of 

the bedrock (Venkatakrishnan and Gheorghiu 2003).  

ES.4.6 Site Geology and Hydrogeology 

Geology at the DRSS site is comprised of two interconnected layers, or mediums: 1) residual 

soil/saprolite and weathered fractured rock (regolith) overlying 2) fractured bedrock (Figure 5-3). 

The regolith layer is a thoroughly weathered and structureless residual soil that occurs near the 

ground surface with the degree of weathering decreasing with depth. The residual soil grades 

into saprolite, a coarser grained material that retains the structure of the parent bedrock. 

Beneath the saprolite, partially weathered/fractured bedrock occurs with depth until sound 
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bedrock is encountered. The site is underlain by rocks of the Pine Hall (Tph) and Cow Branch 

(Tcb) Formations (Figure 6-1). Alluvial and terrace deposits consisting of unconsolidated sand, 

silt, and clay with occasional sub-rounded to well-rounded pebbles occur along the Dan River 

and major tributaries. A transition zone (TZ) at the base of the regolith has been interpreted to 

be present in many areas of the Piedmont and, based on this investigation, is present in the 

Dan River Basin. Harned and Daniel (1989) characterize the TZ zone as consisting of partially 

weathered/fractured bedrock and lesser amounts of saprolite that grade into bedrock, describing 

the TZ zone as “being the most permeable part of the system, even slightly more permeable 

than the soil zone”. Harned and Daniel (1989) suggest the zone may serve as a conduit of rapid 

flow and transmission of water. 

In general, groundwater within the shallow aquifer (S wells), TZ (D wells), and fractured bedrock 

(BR wells) flows from the northern extent of the property boundary south and southeast toward 

the Dan River. However, in the area north of Ash Storage 1, groundwater elevation data 

suggest the presence of a groundwater divide extending from MW-12 to GWA-1 where 

groundwater within the shallow aquifer and TZ flows north, away from the DRSS site. Shallow 

groundwater flow direction is shown on Figure 6-5. Groundwater flow within the TZ is shown on 

Figure 6-6. Groundwater flow within fractured bedrock is shown on Figure 6-7. 

ES4.7 Existing Groundwater Monitoring Data 

Groundwater monitoring prior to 2015 consisted of nine voluntary and seven compliance wells 

installed within the DRSS property boundary. Duke Energy implemented NPDES compliance 

groundwater monitoring around the DRSS ash basin in 1993, with three wells installed in 1993 

and an additional well installed in 1995. During this period, the compliance wells were generally 

sampled two times per year. Four additional wells were added to an expanded voluntary 

monitoring program in 2008. Beginning in 2008, the complete network of eight compliance and 

voluntary groundwater monitoring wells were sampled two times per year, and the analytical 

results were submitted to NCDENR. In 2010, additional compliance groundwater monitoring 

wells were installed at the site. Groundwater monitoring as required by the DRSS NPDES 

Permit NC0003468 began in March 2011 utilizing the compliance monitoring wells. NPDES 

Permit Condition A (11), Version 1.1, dated June 15, 2011, lists the groundwater monitoring 

wells to be sampled, the parameters and constituents to be measured and analyzed, and the 

requirements for sampling frequency and reporting results. 

Elevated concentrations of boron, iron, and manganese have been detected in one or more of 

the following groundwater monitoring wells: MW-20S, MW-21S/D, MW-22S/D, and MW-23D. 

The distribution and magnitude of iron and manganese exceedances is indicative of background 

conditions.  

Historical analytical results from compliance and voluntary groundwater monitoring wells were 

utilized to assess background groundwater quality and calculate statistical analyses of 

groundwater results. Compliance groundwater monitoring wells were sampled as part of this 

CSA to supplement the expanded groundwater assessment. 
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ES.4.8 Screening-Level Risk Assessments 

The human health and ecological screening-level risk assessments were performed as part of 

this CSA and identified media-specific Contaminants of Potential Concern (COPCs) that may 

adversely impact human and/or ecological receptors under site-specific exposure scenarios. 

COPCs were determined by comparing maximum concentrations or Reporting Limits (RLs) of 

COIs in on- and off-site sampling locations to risk-based screening level criteria for soil, 

groundwater, surface water, and sediment.  

Those COPCs identified during the human health screening-level risk assessment are noted 

below:  

 In groundwater, antimony, arsenic, barium, beryllium, boron, cadmium, chromium, 

cobalt, iron, manganese, mercury, molybdenum, nickel, selenium, strontium, thallium, 

and vanadium exceeded their respective screening values.  

 In soil, arsenic, cobalt, iron, manganese, sodium, and thallium exceeded their respective 

screening values.  

 In surface water, aluminum, arsenic, cobalt and thallium maximum concentrations 

exceeded their respective screening values. Beryllium, boron, total chromium, copper, 

iron, lead, manganese, mercury, sodium, vanadium and zinc were also retained as 

COPCs by default, based on a lack of criteria for comparison.  

 In sediment, aluminum, antimony, arsenic, cobalt, iron, manganese, thallium, and 

vanadium exceeded their respective screening values. 

COPCs identified during the ecological screening-level risk assessment are noted below:  

In soil, all COIs except cadmium, sodium, and strontium exceeded their respective 

screening levels. Cadmium is the only COI that was excluded as a COPC in soil, as the 

other two have no ecological criteria and were thereby retained as COPCs by default. 

See Table 12-6 for detailed information, including the maximum concentrations detected. 

The exceedances were typically within the same order of magnitude as the screening 

levels, with the exceptions of aluminum, boron, total chromium, iron, manganese, 

molybdenum, selenium, and vanadium, which were relatively higher.  

 In surface water (freshwater),  beryllium, cadmium, and copper exceeded their 

respective screening values. Barium, cobalt, manganese, molybdenum, strontium, and 

vanadium were retained based on a lack of criteria for comparison. See Table 12-7 for 

detailed information on the screening performed and contaminant category for each 

COPC. 

 In sediment, COPCs included antimony, arsenic, cadmium and copper. In addition, 

aluminum, barium, beryllium, boron, cobalt, iron, manganese, molybdenum, strontium 

and vanadium were retained due to issues related to their RL exceeding the screening 

value or based on a lack of criteria for comparison. Details on the COPC screening and 

contaminant category are provided in Table 12-8.  

COIs were not screened out as COPCs based on a comparison to background concentrations, 

as the NCDENR Division of Waste Management’s Screening Level Environmental Risk 
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Assessment guidance (2003) does not allow for screening based on background. Site-specific 

background concentrations will be considered in the uncertainty section of the baseline 

ecological risk assessment, if determined to be necessary.  

This initial screening does not specifically identify that health or environmental risks are present; 

however, the results indicate constituents in environmental media could be of concern and 

further investigation by a site-specific risk assessment may be warranted.  

ES.4.9 Development of Site Conceptual Model 

The human health and ecological risk assessment conceptual site models, illustrating potential 

pathways of exposure from source to receptors are provided in this report. 

In the initial site conceptual hydrogeologic model presented in the Work Plan, the geological and 

hydrogeological features influencing the movement, chemical, and physical characteristics of 

contaminants were related to the Piedmont hydrogeologic system at the site.  

A hydrogeological site conceptual model was developed from data generated during previous 

assessments, existing groundwater monitoring data, and 2015 groundwater assessment 

activities. The CSA found that the direction of the movement of the contaminants is generally to 

the south/southeast towards the Dan River with a northerly component of groundwater flow 

north of Ash Storage 1 towards an unnamed tributary to the Dan River that exists north of the 

DRSS site.  

ES.4.10 Identification of Data Gaps 

Data gaps were identified that will require further evaluation to refine the SCM through 

completion of additional groundwater assessment field activities and evaluation of data collected 

during those activities. The data gaps have been organized into two groups: 1) data gaps 

resulting from temporal constraints and 2) data gaps resulting from evaluation of data collected 

during the CSA.  

ES.4.10.1  Data Gaps Resulting from Temporal Constraints 

Data gaps identified in this category are generally present due to insufficient time to collect, 

analyze, or evaluate data collected during the CSA activities. It is expected that the majority of 

these data gaps will be remedied in a CSA supplement to be submitted to NCDENR following 

completion of the second comprehensive groundwater sampling event. 

Temporal data gaps include refinement of speciation sampling in groundwater monitoring wells. 

The CSA speciation sampling effort was based upon anticipated groundwater flow paths and 

constituents whose valence state may affect toxicity or mobility.  

 Mineralogical Characterization of Soil and Rock – a total of 16 soil, three TZ, and 9 

bedrock samples were submitted to three third-party mineralogical testing laboratories 

for analysis of soil and rock composition. As of the date of this report, Duke Energy has 

not received all of the results of this testing; however, results will be provided in the CSA 

supplement. 
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 Additional Speciation of Monitoring Wells – in order to meet the requirements of the 

NORR, Duke Energy conducted speciation of groundwater samples for arsenic, 

chromium, iron, manganese, and selenium from selected wells along inferred 

groundwater flow transects.  Speciation sampling will be performed at the following 

locations during the second comprehensive sampling event: along flow transects, at ash 

basin surface water sample locations, and at wells with exceedances of 2L Standards for 

speciation constituents. Adjustments to the speciation sampling are proposed in Section 

15.0, the results of which will be reported in the CSA supplement.  

ES.4.10.2  Data Gaps Resulting from Review of Data Obtained During CSA Activities 

Data gaps resulting from evaluation of data collected include: 

 Evaluation of the need for additional monitoring wells north and east of Ash Storage 1 

 Evaluation of additional bedrock background groundwater monitoring wells (and 

continued sampling attempts at previously dry wells such as BG-1D)  

 Evaluation of impacts to surface water at SW-3 (located in the tributary stream along the 

eastern property boundary), collection of seep samples (S-2 through S-4) to assess 

potential groundwater discharge to surface water, and  

 Additional review of information regarding areas of non-ash contamination to evaluate 

potential interference with remedial efforts, if applicable.  

 

ES.5 Conclusions 

The CSA identified the horizontal and vertical extent of groundwater contamination at the DRSS 

site, and found that the source of the contamination within that boundary is the coal ash 

contained in the ash basin and ash storage areas. The cause of contamination is leaching of 

constituents from the coal ash into the underlying soil and groundwater.  

Background monitoring wells contained naturally occurring metals and other constituents at 

concentrations that exceeded their respective 2L Standards or IMACs. These included cobalt, 

iron, manganese, thallium, TDS, and vanadium.. 

The CSA identified arsenic, boron, cobalt, iron, manganese, selenium, and vanadium as soil 

COIs. Groundwater COIs were identified as antimony, arsenic, boron, chromium, cobalt, iron, 

manganese, selenium, sulfate, thallium, TDS, and vanadium. Cobalt, iron, manganese, and 

vanadium occur naturally in regional groundwater. The CSA identified the horizontal and vertical 

extent of soil contamination, with the exception of off-site areas east and north of Ash Storage 1 

(as described in Section 14.1.1). Duke Energy has notified NCDENR of the need for refinement 

of COI delineation north and east of Ash Storage 1, and is coordinating additional fieldwork with 

NCDENR. 

Movement of each contaminant is related to the groundwater flow direction, the groundwater 

flow velocity, and the rate at which a particular contaminant reacts with materials in the aquifer. 

The data indicates that geologic conditions present beneath the ash basins impedes the vertical 

migration of contaminants. The CSA found that the direction of mobile contaminant transport is 
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generally in a southeasterly direction towards the Dan River, as anticipated, and not towards 

other off-site receptors. North of Ash Storage 1 there is evidence of a northerly flow of 

groundwater into an unnamed tributary which flows southeasterly towards the Dan River. No 

information gathered as part of this CSA suggests that water supply wells or springs within the 

0.5-mile radius of the compliance boundary are impacted by the DRSS ash basin system. 

The human health and ecological screening-level risk assessments did not specifically identify 

the presence of health or environmental risks; however, the results indicate that constituents in 

environmental media could be of concern and further investigation by a site-specific risk 

assessment may be warranted. No imminent hazards to human health and the environment 

were identified during the screening-level risk assessments.  

Duke Energy is required by CAMA to remove the ash in the DRSS ash basin and ash storage 

areas. Based on the results of soil and groundwater samples collected beneath the ash basin 

and the ash storage areas, some residual contamination will remain after excavation; however, 

the degree of contamination and the persistence of this contamination over time cannot be 

determined at this time. Duke Energy will pursue corrective action under 15A NCAC 02L .0106. 

The approaches to corrective action under rule .0106(k) or (l) will be evaluated along with other 

remedies depending on the results of groundwater modeling and evaluation of the site’s 

suitability to use Monitored Natural Attenuation or other industry-accepted methodologies.  
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