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EXECUTIVE SUMMARY 

ES.1 Source Information 
Duke Energy Carolinas, LLC (Duke Energy) owns and operates the Cliffside Steam 
Station (CSS), which is located on the Broad River in Mooresboro, in Rutherford and 
Cleveland Counties, North Carolina.  This 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 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 as thoroughly evaluated as the 
CAMA data due to the CCR 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.       

CSS began operation in 1940 as a coal-fired generating station and currently operates 
two coal-fired units.  CSS managed coal combustion residuals (CCR) from the coal 
combustion process in unlined Units 1-4 inactive ash basin from 1957 until 1977 when it 
reached capacity; and in the unlined Unit 5 inactive ash basin beginning in 1972 until it 
was retired in 1980 when it reached full capacity.  The Units 1-4 inactive ash basin was 
located immediately east of the retired Units 1-4.  The basin has been excavated and the 
final grading of the area is in progress.  The Unit 5 inactive ash basin is located on the 
western portion of the site, west and southwest of Units 5 and 6.  

The active ash basin is located on the eastern portion of the site, east and southeast of 
Units 5 and 6.  Construction of the active ash basin occurred in 1975 and it began 
receiving sluiced ash from Unit 5.  The active ash basin expanded in 1980 to its current 
footprint and continues to receive sluiced bottom ash from Unit 5 and Unit 6 in addition 
to other waste streams.  The fly ash at CSS is currently dry handled.  The active ash 
basin is unlined and consists of a single cell impounded by a main dam on the north, 
adjacent to the Broad River (downstream dam) and an embankment dam located to the 
west of the ash basin adjacent to Suck Creek (upstream dam).  
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An unlined dry ash storage area, which is split into an eastern and western portion, is 
also located within the northwestern portion of the active ash basin waste boundary.  
This ash storage area was likely created when ash was removed from the active ash 
basin in the 1980s to provide additional capacity for sluiced ash.  The eastern portion of 
the ash storage area may also contain soil from the active ash basin embankment dam 
construction. 

Duke Energy also operates a Coal Combustion Products (CCP) Landfill in accordance 
with the North Carolina Department of Environmental Quality (NCDEQ) Industrial 
Solid Waste Permit No.  81-06.  The landfill, constructed with an engineered liner and 
leachate collection system, is permitted to receive fly ash, bottom ash, boiler slag, coal 
mill rejects/pyrites, flue gas desulfurization sludge, gypsum, leachate basin sludge, non-
hazardous sandblast material, limestone, lime, ball mill rejects, coal, carbon, sulfur 
pellets, cation and anion resins, sediment from sumps, cooling tower sludge, filter bags, 
conditioning agents (e.g. lime kiln dust), soil material that contains any of the above 
material and soil used for operations), incidental amounts of geotextile used in the 
management of CCP’s, and vacuum truck waste.  The landfill is located approximately 
1,800 feet southwest of the Unit 5 inactive ash basin, south of Duke Power Road. 

The NCDEQ Division of Water Resources (DWR) currently permits discharge from the 
active ash basin to receiving waters designated as the Broad River under the National 
Pollutant Discharge Elimination System (NPDES) Permit NC0005088.  The outlet for the 
active ash basin (NPDES Outfall 002) is a reinforced concrete pipe (RCP) located in the 
northwest corner of the basin. 

Assessment results indicate the thickness of CCR in the active ash basin ranges from a 
few feet to approximately 73 feet.  Within Units 1-4 inactive ash basin CCR thickness 
ranged from a few feet to approximately 37 feet prior to excavation, and to 67 feet in 
Unit 5 inactive ash basin.  The ash storage area has a CCR thickness from 7 feet to 57 
feet.  Portions of ash within the active ash basin, the Unit 5 inactive ash basin, and the 
ash storage area are saturated.  The Units 1-4 inactive ash basin has been excavated.  
Assessment findings determined that CCR accumulated in the ash basins is the primary 
source of impact to groundwater.  The inferred extent of constituent migration in 
groundwater at concentrations greater than site background and groundwater quality 
standards is shown on Figure ES-1.  A detailed evaluation of constituent migration is 
included in this 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 basins do not present an imminent hazard to human health or the 
environment requiring emergency response.   

Duke Energy recommended full excavation of the Units 1-4 inactive ash basin.  
Excavation of the basin began in October 2015 and concluded in March 2017 with the 
exception of minor ash removal that is still ongoing at the interior slopes of the 
dam.  Approximately 450,000 tons of ash and comingled soil material was removed 
from the basin and relocated in the existing lined Cliffside CCP Landfill.  Two lined 
basins and a wastewater treatment plant will be constructed within the footprint of the 
basin to treat plant flows when the active ash basin is taken offline in the future.   

ES.3 Receptor Information 
In accordance with NCDEQ direction, CSA receptor survey activities include listing and 
depicting water supply wells (public or private, including irrigation wells and unused 
wells) and surface water bodies within a 0.5-mile radius of the ash basin compliance 
boundaries.  During the timeframe of the receptor survey, a compliance boundary was 
assumed around the Unit 5 inactive ash basin and the Units 1-4 inactive ash basin as 
well as the compliance boundary around the active ash basin and the ash storage area. 
In 2017, the compliance boundary was revised and therefore the receptor survey 
covered a broader area than would be within 0.5 miles of the current compliance 
boundary.   

ES.3.1 Public Water Supply Wells 
No public water supply wells (including irrigation wells and unused wells) or 
wellhead protection areas were identified within a 0.5-mile radius of the CSS ash 
basin compliance boundaries. 

ES.3.2 Private Water Supply Wells 
A total of 71 private water supply wells were identified within the 0.5-mile 
radius of the ash basin compliance boundaries; most south, southeast, east, and 
northeast of the active ash basin off of McCraw Road, Prospect Church Road, Fox 
Place, and Riverfront Drive, west and southwest of the Unit 5 inactive ash basin 
along Duke Power Road, US-221 Alt, and Old US-221A, and north of the Broad 
River.   

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 flowing toward the Broad River.  The water chemistry signature of 
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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.  The data does not indicate that offsite private water 
supply wells have been impacted by the active ash basin, Unit 5 inactive ash 
basin, the Units 1-4 inactive ash basin or the ash storage area at the CSS site. 

ES.3.3 Surface Water Bodies 
The Site is located in the Broad River watershed.  The North Carolina portion of 
the Broad River Basin encompasses approximately 1,513 square miles in all or in 
part of eight counties.  It straddles the southeastern corner of the Blue Ridge eco-
region and the southwestern portion of the Piedmont eco-region.  The site is 
located south of and adjacent to the Broad River.  Groundwater at the site 
primarily flows horizontally toward the north and discharges to the Broad River.  
Groundwater flow to the west of the active ash basin and east of Unit 6 is 
towards Suck Creek which discharges to the Broad River.  Surface water 
classifications in North Carolina are defined in 15A NCAC 02B . 0101(c).  The 
surface water classifications for the Broad River and Suck Creek in the vicinity of 
the CSS site are Class WS-IV.  Class WS-IV waters are protected as water 
supplies which are generally in moderately to highly developed watersheds.  

No surface water intakes, other than the intake used to pump water for plant 
operations are located in the vicinity of CSS in the Broad River. 

ES.3.4 Land Use 
The area surrounding CSS generally consists of residential properties, 
undeveloped land, and the Broad River.  Properties in Cleveland County are 
primarily comprised of the CSS and residential properties to the south, east, and 
northeast of CSS.  Properties located to the west along Hwy 221A and northwest 
across the Broad River in Rutherford County are zoned rural residential 
including CSS, which is identified as average rural.  No changes in land use 
surrounding CSS are expected.   

ES.4 Human Health and Ecological Risk Assessment 
An update to the 2016 human health and ecological risk assessment was conducted.  
There is no evidence of unacceptable risks to humans exposed to groundwater on-site.  
Limited potential for unacceptable risks to humans was estimated for the hypothetical 
recreational and subsistence fisher due to the surface water derived estimate of cobalt 
concentration in fish tissue.  Limited potential for unacceptable risks to birds and 
mammals was consistent with the 2016 assessment. Fisher risks were overestimated in 



2018 Comprehensive Site Assessment Update January 2018 
Cliffside Steam Station SynTerra 
 

Page ES-5 
 

P:\Duke Energy Carolinas\21. CLIFFSIDE\CSA Update\FINAL Cliffside CSA January 2018.docx 

the risk assessment based on conservative exposure model assumptions.  This update to 
the human health and ecological risk assessment supports a risk classification of “low” 
for groundwater related consideration.   

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.    

ES.5.1 Background Concentration Determinations 
Naturally occurring background concentrations were determined using 
statistical analysis for both soil and groundwater. 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 bedrock.  As of October 11, 
2017, DEQ approved a number of the statistically derived background values, 
however others are still under evaluation and thus considered preliminary at this 
time.  Therefore, it is understood that valid background data may be greater than 
the currently calculated PBTVs due to the limited dataset currently available and 
the statistical nature of the determination. The statistically derived background 
threshold values will continue to be adjusted as additional data become 
available. 

ES.5.2 Nature and Extent of Contamination 
Site-specific groundwater constituents of interest (COIs) were developed by 
evaluating groundwater sampling results with respect to 2L/Interim Maximum 
Allowable Concentrations (IMACs) and PBTVs.  The distribution of constituents 
in relation to the ash basins and ash storage area, 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 CSS: 
 Arsenic  Strontium 
 Boron  Sulfate 
 Chromium (hexavalent)  TDS (Total Dissolved Solids) 
 Chromium (total)  Thallium 
 Cobalt  Vanadium 
 Iron  Total uranium 
 Manganese  Total radium 
 pH  

In the following discussion of the nature and extent of contamination, 
exceedances are defined as concentrations greater than the 2L/IMAC, except 
when the PBTV is greater than the 2L/IMAC, or there is no 2L/IMAC established 
for the constituent.  In these cases, the PBTV is used to determine constituent 
exceedances.  The general extent of constituent exceedances in groundwater for 
all flow zones are shown on Figure ES-1.  

Active Ash Basin 

The leading edge of the boron plume in the shallow flow layer is located 
southwest of the basin and discharges to Suck Creek. The north end of the boron 
2L exceedances plume intersects with the western portion of the ash storage area 
and extends toward the Broad River.   In the eastern portion of the ash basin 
there is one boron exceedance located at the downstream dam.   

In the deep flow layer, boron 2L exceedances are limited to the west side of the 
basin, and the toe of the upstream dam within the compliance boundary.   

In the bedrock flow layer, boron is not reported in any of the wells at a 
concentration greater than the 2L standard.  Boron is reported at a concentration 
greater than the PBTV at the toe of the upstream dam, west of the active ash 
basin and north and northeast of the downstream dam, near the Broad River.  
The remaining bedrock downgradient well locations did not have boron 
detected.  Chromium, cobalt, iron, manganese, strontium, sulfate, thallium, TDS 
and vanadium are also constituents detected in groundwater at concentrations 
greater than 2L/IMACs and/or PBTVs.   

The extent of exceedances of chromium is confined to the shallow layer, at the 
downstream dam extending near or beyond the compliance boundary.  
Chromium exceedances were not reported in the deep or bedrock flow layers.   
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The extent of exceedances of cobalt near or beyond the compliance boundary are 
limited to north of the ash basin downstream dam in the shallow flow layer and 
southeast of the basin in the bedrock flow layer.  Cobalt exceedances in the 
bedrock flow layer are reported southeast and north of the ash basin.  Cobalt 
exceedances are also detected near the waste boundary in the shallow and deep 
flow layers near the upstream dam.   

The extent of exceedances of iron in the shallow and deep flow layers is 
downgradient northwest and north of the basin and within or near the waste 
boundary at the upstream dam.  The exceedances of iron reported north of the 
active ash basin downstream dam are detected near or beyond the compliance 
boundary.  In the bedrock flow layer iron exceedances are reported at two wells 
within the waste boundary.   

The extent of exceedances of manganese in the shallow flow layer is at locations 
beneath the southern end of the basin, at the upstream dam within the 
compliance boundary.  Shallow manganese exceedances near or beyond the 
compliance boundary were detected north of the active ash basin downstream 
dam.  Manganese exceedances in the deep flow layer were reported northwest of 
the active ash basin within the compliance boundary and west and north of the 
active ash basin near or beyond the compliance boundary.  Manganese 
exceedances are also reported in the bedrock flow layer beneath the active ash 
basin and near or beyond the compliance boundary north of the active ash basin.   

The extent of exceedances of strontium in the shallow flow layer is beneath the 
active ash basin within the waste boundary, and near or beyond the compliance 
boundary north of the basin near the downstream dam.  Exceedances of 
strontium in the deep flow layer are located northwest of the ash basin at the 
upstream dam and near or beyond the compliance boundary west and north of 
the active ash basin.  Bedrock flow layer exceedances are located near the 
upstream dam and near or beyond the compliance boundary north of the 
downstream dam.   

The extent of exceedances of sulfate is limited to the shallow flow layer, north of 
the active ash basin within the waste boundary, between the basin and the ash 
storage area.  Sulfate exceedances were not detected in the deep or bedrock flow 
layers.   

The extent of exceedances of thallium in the shallow flow layer is within the 
compliance boundary west and northwest of the active ash basin.  Thallium 
exceedances are detected in the deep flow layer at the north end of the ash basin 
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near the ash storage area.  Thallium exceedances were not reported in the 
bedrock flow layer.   

The extent of TDS exceedances in the shallow flow layer are located north of the 
active ash basin within the waste boundary, between the basin and the ash 
storage area.  TDS exceedances were reported in the deep flow layer northwest of 
the active ash basin near the upstream dam within the compliance boundary.  
TDS exceedances were not reported in the bedrock flow layer.   

The extent of exceedances of vanadium in the shallow flow layer is located 
beneath the basin and north of the basin between the basin and the ash storage 
area.  Vanadium exceedances in the deep flow layer are detected beneath the 
basin and at the upstream dam within the compliance boundary, and near or 
beyond the compliance boundary northeast of the downstream dam.  A 
vanadium concentration equal to the PBTV in the bedrock flow layer was 
reported at one well upgradient and east of the active ash basin.  A vanadium 
exceedance was detected within the compliance boundary near the active ash 
basin downstream dam.   

For soil samples below the ash in the active ash basin, boron, chromium, cobalt, 
iron, manganese, selenium, thallium, and vanadium had reported values greater 
than the preliminary soil remediation goals (PSRG) for protection of 
groundwater (POG).  Although some constituent levels were measured above 
PSRG for POG standards in soil samples beneath the basin, when compared to 
the Site’s PBTVs, most constituent concentrations are similar to calculated soil 
background values, with the exception of boron, cobalt, and manganese.  Soil 
sample analytical results indicate shallow impacts to the soil beneath the active 
ash basin. 

Units 1-4 Inactive Ash Basin 

In the deep flow layer, boron is not reported in the monitoring wells adjacent to 
or beneath the Units 1-4 inactive ash basin at concentrations greater than the 2L 
standard.  Boron is reported at concentrations greater than the PBTV but less 
than the 2L standard upgradient and adjacent to the basin, and downgradient of 
the basin.   

In the bedrock flow layer, boron is not reported in the monitoring wells adjacent 
to or beneath the former Units 1-4 inactive ash basin at concentrations greater 
than the 2L standard.  Boron is reported at concentrations greater than the PBTV 



2018 Comprehensive Site Assessment Update January 2018 
Cliffside Steam Station SynTerra 
 

Page ES-9 
 

P:\Duke Energy Carolinas\21. CLIFFSIDE\CSA Update\FINAL Cliffside CSA January 2018.docx 

but less than the 2L standard upgradient and adjacent to the basin, and beneath 
the basin.   

Arsenic, chromium, cobalt, iron, manganese, strontium, sulfate, thallium, TDS 
and vanadium are also constituents detected in groundwater at concentrations 
greater than 2L/IMACs and/or PBTVs.   

An arsenic exceedance in the shallow flow layer is reported near or beyond the 
northern waste boundary.  Arsenic exceedances were not reported in the deep or 
bedrock flow layers.   

The extent of exceedances of chromium in the shallow flow layer is located 
upgradient of the Units 1-4 inactive ash basin and at a location near or beyond 
the waste boundary north of the basin.  Chromium exceedances in the deep flow 
layer are located north of the basin, near and beyond the waste boundary.  
Chromium exceedances were not reported in the bedrock flow layer.   

The extent of exceedances of cobalt in the shallow flow layer is limited to one 
well location beneath the Units 1-4 inactive ash basin.  Cobalt exceedances were 
not reported in the deep or bedrock flow layers.   

The extent of iron exceedances in the shallow and deep flow layers are located 
beneath the Units 1-4 inactive ash basin and near and beyond the northern and 
eastern waste boundary, and upgradient of the basin.  Iron exceedances were not 
reported in the bedrock flow layer. 

The extent of exceedances of manganese in the shallow, deep and bedrock flow 
layers is north of the Units 1-4 inactive ash basin, near or beyond the waste 
boundary, and south of the basin at upgradient locations.   

The extent of exceedances of strontium in the shallow, deep and bedrock flow 
layers is beneath the Units 1-4 inactive ash basin, north of the basin near and 
beyond the waste boundary and at upgradient locations south of the basin.   

The extent of exceedances of sulfate exceedances in the shallow, deep and 
bedrock flow layers is at upgradient locations south of the ash basin.  Sulfate 
exceedances are not detected beneath or downgradient of the basin.   

The extent of exceedances of thallium at the Units 1-4 inactive ash basin in the 
shallow flow layer is located near or beyond the northeast and northwest waste 
boundary.  Thallium exceedances were not reported in the deep or bedrock flow 
layers.   
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The extent of exceedances of TDS in the shallow flow layer is located within the 
Units 1-4 inactive ash basin waste boundary.  The exceedances reported in the 
deep and bedrock flow layers are upgradient, south of the basin.   

The extent of exceedances of vanadium in the shallow, deep and bedrock flow 
layer is downgradient near or beyond the northeast and northwest waste 
boundaries and at isolated upgradient locations in the shallow and bedrock flow 
layers.   

For soil samples below the ash, arsenic, chromium, cobalt, iron, manganese, 
selenium, thallium, and vanadium had reported values greater than the PSRG 
for POG.  Although some constituent levels were measured above the PSRG for 
POG standards in soil samples beneath the basin, when compared to the Site’s 
PBTVs most constituent concentrations are similar to calculated soil background 
values, with the exception of arsenic and chromium which had several PBTV 
exceedances reported.  Soil sample analytical results indicate shallow impacts to 
the soil beneath the Units 1-4 inactive ash basin. 

Unit 5 Inactive Ash Basin 

In the shallow flow layer, boron is not reported in the monitoring wells 
downgradient of the Unit 5 inactive ash basin at concentrations greater than the 
2L standard.  Boron was reported at concentrations greater than the PBTV at 
wells adjacent to the basin and downgradient of the basin.  

Boron in the deep flow layer is reported at a concentration greater than the PBTV 
and the 2L standard beneath the northern waste boundary, but not 
downgradient of the basin.   

In the bedrock flow layer, boron is not reported in the monitoring wells adjacent 
to or beneath the Unit 5 inactive ash basin at concentrations greater than the 2L 
standard.  Boron is reported at concentrations greater than the PBTV beneath the 
basin and downgradient of the basin.  

Arsenic, chromium, cobalt, iron, manganese, strontium, sulfate, thallium, TDS 
and vanadium are constituents detected in groundwater at concentrations 
greater than 2L/IMACs and/or PBTVs. 

Arsenic exceedances were not reported in the shallow flow layer at the Unit 5 
inactive ash basin.  The extent of exceedances of arsenic in the deep and bedrock 
flow layers is an isolated location beneath the western portion of the basin within 
the waste boundary. 
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Chromium exceedances in the shallow flow layer is limited to an isolated 
location east of and sidegradient of the Unit 5 inactive ash basin, beyond the 
waste boundary.  Chromium exceedances in the deep flow layer were detected 
near or beyond the eastern waste boundary, including one sidegradient location.  
Chromium exceedances were not reported in the bedrock flow layer.  

Cobalt exceedances in the shallow and deep flow layers are located near or 
beyond the waste boundary north of and east of the Unit 5 inactive ash basin as 
well as an isolated location in the shallow flow layer east of and sidegradient of 
the basin waste boundary.  Cobalt exceedances in the bedrock flow layer are 
located beneath the basin, and north of the basin, near or beyond the waste 
boundary. 

The extent of exceedances of iron in the shallow and deep flow layers is within 
the Unit 5 inactive ash basin waste boundary and north of the basin, near or 
beyond the waste boundary.  One iron exceedance was reported south of and 
upgradient of the basin, beyond the waste boundary in the bedrock flow layer.   

The extent of exceedances of manganese in the shallow flow layer is within the 
waste boundary, and north and east, near or beyond the waste boundary.  
Manganese exceedances in the deep flow layer are located beneath the basin, and 
north, west, and east of the basin, near or beyond the waste boundary.  
Manganese in the bedrock flow layer is detected beneath the basin, and northeast 
of the ash basin beyond the waste boundary.   

The extent of exceedances of strontium in the shallow flow layer are located 
within the Unit 5 inactive ash basin, and at locations east and north of the basin, 
near and beyond the waste boundary, including locations sidegradient of the 
basin.  Strontium exceedances in the deep flow layer are located beneath the 
basin and at locations west, north and east of the basin, near and beyond the 
waste boundary.  In the bedrock flow layer strontium exceedances are reported 
beneath the basin and beyond the waste boundary, northeast of the ash basin.   

The extent of exceedances of sulfate in the shallow flow layer is within, near, and 
beyond the waste boundary southeast of the ash basin.  Sulfate exceedances are 
detected east and north of the Unit 5 inactive ash basin, near and beyond the 
waste boundary in the deep flow layer.  An isolated sulfate exceedance is 
reported in the bedrock flow layer, beyond the waste boundary north of the 
basin.   
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The exceedances of thallium in the shallow flow layer are located near and 
beyond the waste boundary, north and east of the Unit 5 inactive ash basin.  
Thallium in the deep flow layer is detected near or beyond the northern and 
eastern waste boundaries.  A thallium exceedance was reported at isolated 
location beneath the western portion of the basin.   

The extent of exceedances of TDS in the shallow flow layer is near and beyond 
the waste boundary, east of the Unit 5 inactive ash basin.  TDS exceedances in the 
deep flow layer are located near and beyond the waste boundary, east and north 
of the basin.  An isolated TDS exceedance was reported north of ash basin, 
beyond the waste boundary.   

The extent of exceedances of vanadium in the shallow flow layer are located 
within the waste boundary, north of the Unit 5 inactive as basin near or beyond 
the waste boundary, and northeast of the basin, near and beyond the waste 
boundary.  Vanadium exceedances in the deep flow layer are located beneath the 
basin, and southeast, northeast, north and northwest, near and beyond the waste 
boundary.  Exceedances of vanadium in the bedrock flow layer are limited to an 
isolated area northeast of the basin, near or beyond the waste boundary.   

For the one soil sample below the ash, arsenic, chromium, cobalt, iron, 
manganese, and vanadium had reported values greater than the PSRG for POG.  
Although some constituent levels were measured above the PSRG for POG 
standards when compared to the Site’s PBTVs, most constituent concentrations 
are similar to calculated soil background values for the Site, with the exception of 
arsenic.  Soil sample analytical results indicate shallow impacts to the soil 
beneath the Unit 5 inactive ash basin. 

Ash Storage Area 

The leading edge of the boron plume in the shallow flow layer north of the ash 
storage area is located north of the western portion of the ash storage area near 
the Broad River.  Boron 2L exceedances in the shallow flow layer are not 
reported in the eastern portion of the ash storage area with one exception at the 
southern waste boundary. 

In the deep flow layer, boron 2L exceedances are limited to beneath the western 
portion of the ash storage area.   

In the bedrock flow layer, boron is not reported in any of the wells at a 
concentration greater than the 2L standard but is reported at a concentration 
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greater than the PBTV downgradient of the western portion of the ash storage 
area.  Boron was not detected in the remaining bedrock downgradient wells.   

Chromium, cobalt, manganese, strontium, sulfate, thallium, TDS and vanadium 
are also constituents detected in groundwater at concentrations greater than 
2L/IMACs and/or PBTVs. 

Chromium exceedances are limited to one location within the ash storage area 
waste boundary in the shallow flow layer.  Chromium exceedances were not 
detected in the deep or bedrock flow layers associated with the ash storage area. 

The extent of cobalt exceedances in the shallow flow layer is located within the 
western portion of the ash storage area, and beyond the waste boundary within 
the compliance boundary.  Cobalt exceedances were not detected in the deep 
flow layer.  An isolated exceedance in the bedrock flow layer was reported 
beyond the waste boundary and within the compliance boundary downgradient 
of the western portion of the ash storage area.   

The extent of exceedances of manganese in the shallow flow, deep and bedrock 
flow layer are near or beyond the compliance boundary, north of the western 
portion of the ash storage area.   

The extent of exceedances of strontium in the shallow, deep and bedrock flow 
layers are located near or beyond the compliance boundary, downgradient of the 
western portion of the ash storage area.   

The extent of exceedances of sulfate in the shallow flow layer near or beyond the 
compliance boundary are located downgradient of the western portion of the ash 
storage area.  No sulfate exceedances were reported in the deep or bedrock flow 
layers associated with the ash storage area.  

The extent of exceedances of thallium in the shallow flow layer is near or beyond 
the compliance boundary, downgradient of the western portion of the ash 
storage area.  Thallium exceedances were not reported near or beyond the 
compliance boundary in the deep or bedrock flow layers.   

The extent of exceedances of TDS in the shallow flow layer is near or beyond the 
compliance boundary, downgradient of the western portion of the ash storage 
area.  TDS exceedances were not reported near or beyond the compliance 
boundary in the deep or bedrock flow layers.   
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Vanadium exceedances were not reported near or beyond the compliance 
boundary in the shallow or deep flow layers.  An isolated exceedance beyond the 
waste boundary and within the compliance boundary was reported north of the 
western portion of the ash storage area. 

For soil samples below the ash, chromium, iron, and vanadium had reported 
values greater than the PSRG for POG.  Although some constituent levels were 
measured above PSRG for POG standards in soil samples beneath the ash 
storage area, when compared to the Site’s PBTVs the concentrations were less 
than the calculated soil background values for the Site. Soil sample analytical 
results do not indicate impacts to the soil beneath the ash storage area. 

ES.5.3 Maximum Contaminant Concentrations (Source 
Information) 

The source areas at CSS include CCR material in the active ash basin, the former 
Units 1-4 inactive ash basin, Unit 5 inactive ash basin and the ash storage area.  
Ash pore water samples collected from wells installed within the ash basins and 
screened in the ash layer have been monitored since 2015 unless abandoned due 
to closure activities.  The ash pore water and shallow downgradient well data 
generally represent the maximum concentrations for the source areas.  The ash 
pore water concentrations 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 used for source area information only. 

The greatest concentrations of COIs in the active ash basin, Units 1-4 inactive ash 
basin, Unit 5 inactive ash basin, and the ash storage area were generally reported 
in ash porewater samples and downgradient shallow monitoring wells near the 
waste boundaries. 

Soil samples collected below the ash/soil interface from locations within the ash 
basins indicate arsenic, boron, chromium, cobalt, and manganese reported at 
concentrations greater than their respective PSRG for POG and/or soil PBTV 
values.  This indicates areas of soil as a potential secondary source to 
groundwater. 

ES.5.4 Site Geology and Hydrogeology 
Based on the site investigation, the groundwater system in natural materials 
(soil, soil/saprolite, and bedrock) at the CSS 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 



2018 Comprehensive Site Assessment Update January 2018 
Cliffside Steam Station SynTerra 
 

Page ES-15 
 

P:\Duke Energy Carolinas\21. CLIFFSIDE\CSA Update\FINAL Cliffside CSA January 2018.docx 

competent bedrock with mildly productive fractures in the top 50 feet of 
bedrock.  The groundwater system at the CSS 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 
zone closest to the surface is the shallow flow layer encompassing saturated 
conditions, where present, in the residual soil or saprolite beneath the Site.  A 
transition zone (deep flow layer) is encountered below the shallow flow layer 
and above the bedrock, is characterized primarily by partially weathered rock of 
variable thickness.  The bedrock flow layer occurs below the transition zone and 
is characterized by the storage and transmission of groundwater in water-
bearing fractures.  

In general, groundwater within the shallow, deep (transition zone), and 
fractured bedrock flow layers flows northerly from the ash basin toward the 
Broad River.  A groundwater divide is located approximately along Duke Power 
Road to the south.  This groundwater divide generally corresponds to the 
topographic divide.  The predominant direction of groundwater flow from the 
ash basins and ash storage area is in a northerly direction toward the Broad 
River. In the shallow and deep flow layers to the west of the active ash basin and 
east of Unit 6, groundwater flow is generally toward Suck Creek and on to the 
Broad River. 

ES.6 Conclusions and Recommendations 
The investigation described in the CSA presents the results of the assessments required 
by CAMA.  The ash basins and ash storage area were determined to be a source of the 
groundwater contamination.  During the CSA an area of exceedances that appears not 
to be associated with the identified source areas (active ash basin, Units 1-4 inactive ash 
basin, Unit 5 inactive ash basin, and the ash storage area), is located east of Unit 6 and 
west of Suck Creek.  CCR has not historically been disposed of in this area of the site 
and the source of the reported exceedances is unknown. It is anticipated that this 
additional source area will be further assessed along a separate timeline than the 
CAMA units. 

Impacts to soil were determined to be limited to a shallow interval below the active ash 
basin, Units 1-4 inactive ash basin and Unit 5 inactive ash basin.  Soil samples collected 
from below the ash basins 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.  Soil sample test results do not 
indicate shallow impacts to the soil beneath the ash storage area greater than the 
calculated PBTVs. Sediment concentrations in Suck Creek were less than respective 
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PBTVs and therefore do not appear to represent additional secondary source 
contributions associated with the ash basin. 

For the active ash basin, boron, chromium, cobalt, iron, manganese, strontium, sulfate, 
thallium, TDS, and vanadium are the primary constituents detected in groundwater 
greater than 2L/IMAC and/or PBTVs where no 2L/IMAC is established, near or beyond 
the compliance boundary.  The groundwater beneath the active ash basin flows north 
towards the Broad River or towards Suck Creek and then to the Broad River.  The 
northern downgradient compliance boundary is at the shore of the Broad River.  The 
surface water results collected from Suck Creek and the Broad River do not indicate that 
impacted groundwater associated with the active ash basin is causing 2B standard 
exceedances in the Broad River.    

For the Units 1-4 inactive ash basin, boron, arsenic, chromium, cobalt, iron, manganese, 
strontium, sulfate, thallium, TDS and vanadium are the primary constituents detected 
in groundwater greater than 2L/IMAC and/or PBTVs where no 2L/IMAC is established, 
near or beyond the waste boundary and/or beneath the ash basin.  The groundwater 
beneath the Units 1-4 inactive ash basin flows north towards the Broad River.  There is 
not an established compliance boundary at the basin and the waste boundary is near 
the shore of the Broad River.  The surface water results collected from the Broad River 
indicate that impacted groundwater associated with the Units 1-4 inactive ash basin is 
not causing 2B standard exceedances in the Broad River.      

For the Unit 5 inactive ash basin, boron, arsenic, chromium, cobalt, iron, manganese, 
strontium, sulfate, thallium, TDS and vanadium are the primary constituents detected 
in groundwater greater than 2L/IMAC and/or PBTVs where no 2L/IMAC is established, 
near or beyond the waste boundary and/or beneath the ash basin. The groundwater 
beneath the Unit 5 inactive ash basin flows north towards the Broad River.  There is not 
an established compliance boundary at the basin.  The surface water results collected 
from the Broad River  indicate that impacted groundwater associated with the Unit 5 
inactive ash basin is not causing 2B standard exceedances in the Broad River.        

For the ash storage area, boron, cobalt, manganese, strontium, sulfate, thallium, and 
TDS are the primary constituents detected in groundwater greater than 2L/IMAC 
and/or PBTVs where no 2L/IMAC is established, near or beyond the compliance 
boundary.  The groundwater beneath the ash storage area flows north towards the 
Broad River.  The northern downgradient compliance boundary is at the shore of the 
Broad River.  The surface water results collected from the Broad River indicate that 
impacted groundwater associated with the ash storage area is not causing 2B standard 
exceedances in the Broad River.    
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The extent of exceedances are within the shallow and/or deep flow layers with the 
exception of manganese and strontium in areas beneath and downgradient of the Unit 5 
inactive ash basin, the Units 1-4 inactive ash basin, and the active ash basin and the ash 
storage area; arsenic at an isolated location beneath the Unit 5 inactive ash basin; sulfate 
and TDS at an isolated location downgradient of the Unit 5 inactive ash basin; sulfate 
and TDS at an isolated location east of Unit 6 and west of Suck Creek, and cobalt, iron, 
and vanadium at isolated locations across the site.  

The bedrock aquifer is generally the source of water for supply wells in the area.  There 
are no supply wells located downgradient of the source areas.  Multiple lines of 
evidence suggest the supply well data represent naturally occurring background 
concentrations.  The CSS ash basin is currently designated as “Intermediate” risk under 
CAMA, requiring closure of the ash basin by 2024.  Based on review and analysis of 
groundwater and surface water data, no evidence of unacceptable risks from exposure 
to groundwater on-site exists. Limited potential for unacceptable risks to humans was 
estimated for exposure to cobalt under the recreational and subsistence fisher scenarios.  
Limited evidence of potential risks to wildlife exists for the CSS Site.  Conclusions of the 
risk assessment update remain consistent with the conclusions presented in the 2016 
risk assessment, with the addition of limited potential risk for exposure to cobalt under 
the recreational and subsistence fisher scenarios.  This update to the human health and 
ecological risk assessment supports a risk classification of “low” for groundwater 
related consideration. A "Low" risk classification and closure via a cap-in-place scenario 
are considered appropriate for the active ash basin, the Unit 5 inactive ash basin and the 
ash storage area, as alternative water supplies are being provided in accordance with 
G.S. 130A-309.213.(d)(1) of House Bill 630.  The Units 1-4 inactive ash basin has been 
excavated.  The updated CAP will evaluate potential groundwater remedial strategies 
in addition to closure options.   

A preliminary evaluation of groundwater corrective action alternatives is included in 
this CSA to provide insight into the CAP preparation process.  For CSS, the primary 
source control (closure) methods anticipated to be evaluated in the CAP include but are 
not limited to: 

 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. 



2018 Comprehensive Site Assessment Update January 2018 
Cliffside Steam Station SynTerra 
 

Page ES-18 
 

P:\Duke Energy Carolinas\21. CLIFFSIDE\CSA Update\FINAL Cliffside CSA January 2018.docx 

The source control (closure) options will be evaluated in the CAP based upon technical 
and economical 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 (including overall environmental 
costs and sustainability) associated with various options.  For basin closure, preliminary 
modeling indicates reduction of the amount of water migrating from the basin to 
groundwater will have a positive impact on groundwater and surface water quality 
downgradient of the ash basins.  If a “Low” risk classification is determined, a well-
designed capping system can be expected to minimize ongoing migration to 
groundwater.   

In addition to source control measures, the CAP will evaluate measures to address 
groundwater conditions associated with the ash basins.  Groundwater corrective action 
by monitored natural attenuation (MNA) is anticipated to be a remedy further 
evaluated in the CAP.  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, cost, and 
sustainability. 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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FIGURE ES-1

APPROXIMATE EXTENT OF IMPACTS
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