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EXECUTIVE SUMMARY 

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

Operations began at Allen in 1957 with Units 1 and 2.  Operations began at Unit 3 in 
1959, followed by Unit 4 in 1960 and Unit 5 in 1961. The Plant remains in service.  The 
entire Allen site is approximately 1,009 acres in area and is owned by Duke Energy.  
Duke Energy also owns property along the Discharge Canal to the east and west of 
South Point Road (North Carolina Highway 273). 

Coal combustion residuals (CCR) at Allen have been disposed of in the station’s ash 
basins (the active ash basin and the inactive ash basin, which includes the ash storage 
areas, structural fill areas, and the double-lined Retired Ash Basin [RAB] Ash Landfill 
area).  Both ash basins are located within natural drainage basins impounded by 
earthen dams.  Discharge from the active ash basin is permitted by the North Carolina 
Department of Environmental Quality (NCDEQ) Division of Water Resources (DWR) 
under the National Pollutant Discharge Elimination System (NPDES) Permit 
NC0004979. 

CCRs were deposited in the inactive ash basin by hydraulic sluicing operations until the 
active ash basin was constructed and placed into operation in 1957.  The Plant was 
modified for dry fly ash (DFA) handling in the mid-2000’s, and dry ash handling began 
in 2008.  The dry fly ash is conveyed to silos on-site and then either sent off-site for 
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beneficial reuse or disposed of at the RAB Ash Landfill permitted by the NCDEQ 
Division of Waste Management (DWM) under Permit 3612-INDUS-2008.  The RAB 
Landfill is lined and constructed atop ash within the inactive ash basin.  Since dry ash 
handling commenced at Plant Allen, only de minimus quantities of fly ash are on 
occasion sent to the ash basin system upon system start-up.  The active ash basin still 
receives bottom ash into three settling cells by hydraulic sluicing methods.  Duke 
Energy is in the process of converting to dry handling of bottom ash, which is 
anticipated to commence in late 2018 or early 2019. 

In borings installed in the inactive ash basin, ash was encountered to depths ranging 
from 8 feet to 56 feet.  In borings installed in the active ash basin, ash was encountered 
to depths ranging from 1 foot to 54 feet.  The majority of the ash in both basins is 
saturated. 

Assessment findings determined that CCR accumulated in the ash basins is a source of 
impact to groundwater.  The coal pile is likely another source of impact to groundwater.  
The inferred extent of constituent migration from the ash basins and coal pile area 
based on evaluation of constituent concentrations greater than both water quality 
standards and background is shown on Figure ES-1.  A detailed evaluation of 
constituent migration is included in this CAMA CSA update report. 

 Initial Abatement and Emergency Response ES.2
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.  Abatement activities at the Allen Plant 
related to the ash basins included conversion from wet handling (via sluicing to the 
Active Ash Basin) to dry handling of fly ash in 2008.  Duke Energy is also in the process 
of converting to dry handling of bottom ash (anticipated by late 2018 or early 2019).  In 
preparation for closure of the ash basins, new holding and retention basin systems are 
also being designed and constructed to handle certain water and wastewater streams.   

 Receptor Information ES.3
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 features within a 0.5-mile radius of the ash basin compliance 
boundary.  In 2017, the compliance boundary was revised; the compliance boundary 
now encompasses the active ash basin, and not the entire inactive ash basin because the 
inactive ash basin is no longer a permitted unit.  However, the double-lined Retired Ash 
Basin [RAB] Landfill constructed within the inactive ash basin is permitted and 
encompassed by a compliance boundary offset 250 feet from the RAB Landfill 
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boundary.  The 0.5-mile radius, as it relates to this discussion of receptors, is in 
reference to the previous, and larger, pre-2017 compliance boundary which 
encompassed the active and inactive ash basins.  

 Public Water Supply Wells ES.3.1
Four public water supply wells have been identified within a 0.5-mile radius of 
the pre-2017 compliance boundary.  The public water supply wells serve several 
residences in the vicinity of the Plant.  The water supply wells are located 
upgradient of the Allen Plant. 

 Private Water Supply Wells ES.3.2
HDR conducted receptor surveys and reported 219 private water supply wells 
within a 0.5-mile radius of the pre-2017 compliance boundary.   

 HDR determined that 50 of the 219 identified private water supply wells 
are recorded with Gaston and Mecklenburg counties.  The Gaston County 
Health and Human Services Department maintains records for 36 private 
water supply wells, and Mecklenburg County’s online database maintains 
records for 14 private water supply wells. The 50 private water supply 
wells recorded with Gaston and Mecklenburg counties are identified as 
“recorded” private water supply wells. 

 HDR determined that 93 of the 219 identified private water supply wells 
were reported based on information provided in returned water supply 
well questionnaires.  Those 93 wells are identified as “reported” private 
water supply wells. 

 Fifty-eight (58) private water supply wells were identified by HDR during 
the site reconnaissance and are not considered “reported” or “recorded” 
private water supply wells.  HDR identified those 58 wells as “field-
identified” private water supply wells. 

 HDR reported that 18 private water supply wells are assumed to be at 
residences located within a 0.5-mile radius of the ash basin compliance 
boundary, based on the lack of public water supply in the area and 
proximity to other residences that have private wells.  HDR determined 
that 15 of the 18 assumed wells are located in Gaston County, and the 
remaining three (3) assumed wells are located in Mecklenburg County.  
Those 18 wells are identified as “assumed” private water supply wells. 

In 2015, NCDEQ coordinated sampling of the water supply wells.  
Approximately 125 samples were collected within a 0.5-mile radius of the pre-
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2017 ash basin compliance boundary.  Additionally, Duke Energy voluntarily 
collected approximately 23 samples in the vicinity of the Allen site from 
background water supply wells located within an approximate 2- to 10-mile 
radius of the Allen site boundary.  NCDEQ also sampled seven private water 
supply wells located in areas that are not hydraulically connected to 
groundwater at Plant Allen, generally within an approximate 1- to 5- mile radius 
of the Plant. 

Available analytical data for the private wells generally show detected 
concentrations less than Site-specific statistically derived provisional background 
threshold values (PBTVs) of CCR-related constituents and not attributable to 
CCR impacts.  However, there were a few occasions when concentrations 
reported were greater than current Site-derived PBTVs or 2L (sometimes both).   

The use of water quality data from supply wells is one tool that can be used to 
interpret whether the well has been influenced from the ash basin.  However, the 
Site-derived background values may not represent the natural variability of 
background conditions within the 0.5-mile radius of the pre-2017 compliance 
boundary.  The water supply well data will also be effected by well construction 
materials and equipment (e.g., galvanized piping, pump components) that the 
site monitoring wells are not exposed that may influence the supply well 
analytical results.  Supply well data would also be affected by unknown land use 
on the private properties.  Therefore, the groundwater flow direction from the 
source (ash basins) being away from the supply wells and toward Lake Wylie 
and the discharge canal is a more reliable tool to infer that the supply wells have 
not been impacted by the ash basins than the water quality data alone.   

Boron (a key indicator of potential CCR influence) was not detected at 
concentrations greater than the 2L in the private water supply well samples.  
Boron was detected in a few water supply well locations at concentrations 
greater than Site-derived PBTVs.  These supply wells were at isolated locations 
surrounded by other private supply or Site monitoring wells without detected 
concentrations of boron.  Therefore, the detection of boron in the wells does not 
by itself conclusively indicate impact from the ash basin(s).  Other constituents 
that were detected in private supply wells at concentrations greater than 
2L/IMAC were similar to Site-derived PBTVs and surrounded by wells with 
concentrations less than applicable 2L or IMAC.  There is limited supply well 
construction information, such as depths and aquifer characteristics that would 
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be helpful in interpretations.  However, multiple lines of evidence indicate the 
supply wells have not been impacted. 

The land directly downgradient of the ash basins includes Lake Wylie/Catawba 
River to the east and Duke Energy property to the north between the inactive ash 
basin and the discharge canal.  Therefore, there are no supply wells located 
downgradient of the basins.  

 Surface Water Bodies ES.3.3
The Site is located adjacent to Lake Wylie (Catawba River), and groundwater 
influenced by the ash basins flows toward the lake (east of the basins) and the 
Discharge Canal (north of the basins).  Results from surface water samples 
collected from Lake Wylie/Catawba River do not indicate that impacted 
groundwater associated with the Allen ash basins is causing 2B exceedances in 
Lake Wylie/Catawba River.  There are no surface water intakes in Lake Wylie in 
the vicinity of the Site except for process water used by the Allen Plant. 

 Land Use ES.3.4
The area surrounding the Allen site generally consists of residential properties, 
undeveloped land, and Lake Wylie (Catawba River). Properties located within a 
0.5-mile radius of the Allen ash basin compliance boundary generally consist of 
residential properties and undeveloped land in Gaston County to the north, west 
and south, and residential properties and some undeveloped land in 
Mecklenburg County to the east and southeast across Lake Wylie (Catawba 
River).  No change in land use surrounding the Allen Plant is currently 
anticipated 

 Human Health and Ecological Risk Assessment  ES.4
An update to the 2016 human health and ecological risk assessment was conducted.  
There is no evidence of unacceptable risk to humans and wildlife at Allen attributed to 
CCR constituent migration in groundwater from the ash basins.  The only evidence of 
potential unacceptable human related risks estimated in the 2016 risk assessment was 
under the hypothetical subsistence fisherman scenario due to concentrations of cobalt in 
fish tissue.  This risk assessment update supports that the fisher risks were 
overestimated based on conservative exposure (it is unlikely subsistence fishermen exist 
in the area) and modeled fish tissue uptake assumptions (modeled concentrations likely 
exceed actual fish tissue concentrations if measured), supporting a risk classification of 
“Low” based upon groundwater related considerations. 
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The Allen ash basins are currently designated as “Intermediate” risk under CAMA, 
meaning that closure of the ash basins is required by 2024.  The updated risk assessment 
concluded no unacceptable risks to human health or wildlife exists from exposure to 
groundwater and surface water. 

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

 Background Concentration Determinations ES.5.1
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 
current background monitoring well network consists of wells installed within 
three flow zones — shallow, deep, and fractured bedrock.  Background datasets 
for each flow system used to statistically determine naturally occurring 
concentrations of inorganic constituents in soil and groundwater are provided 
herein.  As of October 11, 2017, NCDEQ had 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. 

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

The following list of groundwater COIs at Allen has been developed:  

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

Boron is a CCR-derived constituent in groundwater and is detected at 
concentrations greater than the PBTV beneath and downgradient of the ash 
basins.  Boron, in its most common forms, is soluble in water and has a low 
partitioning coefficient (Kd value), meaning the constituent is highly mobile in 
groundwater.  Therefore, the horizontal extent of boron concentrations greater 
than PBTV approximates the leading edge of the CCR-derived plume from the 
source areas (Figure ES-1).   Arsenic is also included in the interpretation of the 
extent of the plume on Figure ES-1 due to ash pore water concentrations greater 
than the 2L across a broader area within the ash basins than boron and, although 
it is relatively immobile, has less potential to migrate to groundwater beneath the 
basins at concentrations greater than the 2L. Arsenic, in its most common forms, 
is less soluble in water and has a greater Kd value meaning the constituent tends 
to adsorb to solids and is relatively immobile in groundwater.   

Boron is detected in groundwater at concentrations greater than the 2L and 
PBTV in the shallow, deep, and bedrock flow layers, primarily in areas beneath 
and east of the ash basins, within and beyond the compliance boundary (recent 
revisions to the compliance boundary have resulted in a large majority of the 
inactive ash basin being beyond the compliance boundary).  Boron is not present 
at concentrations greater than the PBTVs in wells to the west, north, or south of 
the ash basins.  Other COIs detected at concentrations greater than PBTVs are 
primarily within the bounds of areas affected by boron.  The coal pile is another 
source of impact to groundwater north-northeast of the inactive ash basin as 
indicated by a unique set of constituents detected in this area at concentrations 
greater than applicable 2L/IMAC or PBTVs which were either not detected 
elsewhere or detected at notably lower concentrations elsewhere.  Boron 
concentrations were either not detected or detected at concentrations less than 
the 2L in the vicinity of the coal pile.   
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Inactive Basin Summary 
The compliance boundary around the inactive ash basin has been removed.  The 
area in the southern portion of the basin is encompassed by the active ash basin 
compliance boundary.  

Within the waste boundary of the inactive ash basin, samples from shallow 
groundwater beneath the ash indicates arsenic, calcium, iron, manganese, 
molybdenum, and strontium at concentrations greater than the 2L/IMAC or 
PBTV, whichever is greater.  Although boron was not detected at concentrations 
greater than the 2L in valid samples from the existing shallow well network 
beneath the inactive ash basin, boron concentrations are likely greater than the 
PBTV and 2L in shallow groundwater beneath the eastern portion of the basin, 
along Lake Wylie/Catawba River, based on groundwater flow and results from 
samples further downgradient.  Samples from deep groundwater indicate 
antimony, calcium, manganese, strontium, and vanadium at concentrations 
greater than, but similar to, applicable 2L/IMAC or PBTVs, whichever is greater.  
Similar to the shallow flow zone, boron was not detected at concentrations 
greater than the 2L in valid samples from the existing deep well network beneath 
the inactive ash basin, however, boron concentrations are likely greater than the 
PBTV and 2L in deep groundwater beneath the eastern portion of the basin, 
along Lake Wylie/Catawba River, based on groundwater flow and results from 
samples further downgradient.  Valid samples from at least one well within the 
bedrock flow zone indicate calcium, manganese, and strontium at concentrations 
greater than, and similar to, applicable 2L or PBTVs, whichever is greater.  
Similar to the deep monitoring zone, and based on groundwater flow and boron 
concentrations detected in bedrock downgradient of inactive ash basin, boron 
concentrations in bedrock are likely greater than the PBTV, and possibly the 2L, 
beneath the eastern portion of the basin along Lake Wylie/Catawba River.  

Downgradient of the inactive ash basin, samples from at least one well within the 
shallow monitoring zone indicate boron and other constituents at concentrations 
greater than applicable 2L or PBTVs, whichever is greater.  Boron, calcium, 
cobalt, iron, and manganese are primarily detected in areas east of the basin 
indicating influence from the basin.  North-northeast of the inactive basin, the 
coal pile appears to be another source of impact to groundwater, as a unique set 
of constituents is present in this area which are not detected in ash pore water at 
concentrations greater than 2L (beryllium, cadmium, nickel, and zinc).  Also in 
the coal pile area, constituents common with those typically interpreted to be 
associated with the ash basin (including arsenic, cobalt, manganese, sulfate, 
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thallium, and TDS) are detected but at notably greater concentrations than 
observed elsewhere on site indicating the coal pile may be the primary source of 
those constituents in this area.  Separate assessment of the coal pile as an 
additional source is anticipated. 

Deep groundwater downgradient of the inactive ash basin has boron and other 
constituents at concentrations greater than applicable 2L/IMAC or PBTVs, 
whichever is greater.  Boron is primarily detected at locations to the east of the 
inactive basin indicating influence from the basin.  Deep groundwater north-
northeast of the basin is likely affected by the coal pile as indicated by sulfate and 
TDS not observed elsewhere downgradient of the ash basin and by the notable 
absence of boron at concentrations greater than the PBTV and 2L.  Chromium 
was detected at concentration 1.5 times greater than the 2L in a sample north of 
the inactive basin, further downgradient of the coal pile.  Nearby wells, including 
those upgradient along the perimeter of the inactive basin, do not have 
chromium concentrations greater than the 2L or PBTV, whichever is greater.  
Chromium concentrations at locations closer to the coal pile and inactive ash 
basin are typically less than the 2L or PBTV.  These data indicate chromium at 
this location is likely not derived from the ash basin or coal pile and the elevated 
chromium concentration detected in this area is anomalous.  The extent of 
constituents in deep groundwater potentially related to the coal pile is likely 
delineated to the north where constituent concentrations are less than applicable 
2L/IMAC or PBTVs, with the exception of the anomalous chromium detection.    

Bedrock groundwater downgradient of the inactive basin has boron (among 
other constituents) at concentrations greater than the 2L east of the inactive basin.  
The vertical extent of CCR-influence in bedrock has not been confirmed through 
installation of a deeper monitoring well, however, an upward hydraulic gradient 
in the area indicates bedrock groundwater discharges to Lake Wylie/Catawba 
River and therefore the vertical extent should be limited.  North of the inactive 
ash basin, calcium, manganese, and strontium were detected in bedrock 
groundwater at concentrations greater than, but similar to, applicable 2L/IMAC 
or PBTVs, indicating the horizontal and vertical extent of migration in bedrock 
has been adequately defined in this area. 

Active Ash Basin Summary 
Based on ash pore water concentrations, it is interpreted that shallow 
groundwater beneath the active ash basin waste boundary is likely impacted by 
CCR to some extent, although there are no shallow wells to confirm this. Samples 
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from deep groundwater beneath the active ash basin indicate calcium, iron, 
manganese, strontium, and vanadium at concentrations greater than, but similar 
to, applicable 2L/IMAC or PBTVs, whichever is greater.  Boron was detected 
within the deep zone beneath the basin at a concentration greater than the PBTV, 
but less than the 2L.  However, based on boron concentrations within the deep 
zone downgradient of the active basin and groundwater flow direction, boron 
concentrations are likely greater than the PBTV and 2L at other areas beneath 
basin.  Samples from bedrock groundwater beneath the active ash basin indicate 
calcium, strontium, manganese, and molybdenum at concentrations greater than, 
but similar to, the 2L/IMAC or PBTVs, whichever is greater.  Similar to the deep 
monitoring zone, and based on boron concentrations detected in bedrock 
downgradient of the active ash basin and groundwater flow direction, boron 
concentrations in bedrock are likely greater than the PBTV, and possibly the 2L, 
beneath the eastern portion of the basin. 

Downgradient of the active ash basin, shallow groundwater to the south within 
the compliance boundary contains only cobalt at concentrations greater than 
applicable 2L/IMAC or PBTVs, whichever is greater, so the horizontal extent of 
migration south of the basin has been adequately defined.  Boron and other 
constituents including aluminum, chromium, hexavalent chromium, cobalt, iron, 
and manganese are detected at concentrations greater than the 2L/IMAC or 
PBTVs within and east of the basin dam along Lake Wylie/Catawba River 
(within the compliance boundary).   

Deep groundwater east of the active ash basin within the compliance boundary 
indicates influence from the basin as boron and other constituents including 
calcium, iron, manganese, strontium and vanadium are detected in 
concentrations greater than the 2L/IMAC or PBTVs, whichever is greater.  South 
of the basin within the deep groundwater, calcium and strontium were detected 
at concentrations greater than, but similar to, applicable PBTVs.  No other 
constituents, including boron were detected in deep groundwater at 
concentrations greater than 2L/IMAC or PBTVs, whichever is greater, south of 
the basin.  These data indicate the extent of migration has been defined in the 
deep groundwater flow zone south of the active ash basin.  

Bedrock groundwater east of the active ash basin within the compliance 
boundary indicates influence from the basin as boron and other constituents 
including calcium, iron, molybdenum, and strontium are detected at 
concentrations greater than the 2L and PBTV, whichever is greater.  East-



2018 Comprehensive Site Assessment Update January 2018 
Allen Steam Station SynTerra 
 

Page ES-11 
 

P:\Duke Energy Carolinas\17.ALLEN\05.EHS CAMA Compliance Support\Assessment\CSAs\2018-01 CSA 
Update\Final\FINAL_Allen_CSA_Report_2018.docx 

southeast of the basin, boron concentrations are similar within wells screened in 
upper and deeper bedrock indicating the vertical extent of boron concentrations 
is not fully delineated downgradient of the active ash basin in this area.  Upward 
hydraulic gradients observed in wells in this area indicate bedrock groundwater 
discharges to Lake Wylie/Catawba River.  South of the active basin within the 
compliance boundary, calcium and strontium are detected in bedrock 
groundwater at concentrations greater than, but similar to, applicable PBTVs.  
Boron or other constituents are not detected in bedrock groundwater greater 
than PBTVs south of the basin indicating the ash basin has not affected bedrock 
groundwater quality in this area and the horizontal and vertical extent of 
migration in bedrock has been adequately defined in this area.   

Soil Assessment Summary 
Soil data indicates that COI migration from the source and sorption to soils 
beneath and downgradient from the source is likely limited to areas immediately 
adjacent to the ash basins, though difficult to decipher from natural distribution 
of constituents.  Concentrations of arsenic, barium, boron, calcium, chromium, 
cobalt, iron, manganese, molybdenum, selenium, strontium, and vanadium in 
soils beneath the ash basins are greater than their respective NCDEQ Preliminary 
Soil Remediation Goals (PSRGs) Protection of Groundwater (POG) or PBTVs, 
whichever is greater, however, only calcium and, to a lesser extent, strontium, 
have consistent exceedances of respective PBTVs.  Several soil samples collected 
from upgradient locations (but not used in the current statistical determination of 
PBTVs) also had sporadic detections of COIs.  For strontium, all concentrations 
that exceeded the PBTV, except two samples (which might have included some 
ash within the sample aliquot), were similar to the PBTV.  The exceedances likely 
reflect natural variability in strontium concentrations across the Site.  Other 
constituent exceedances were sporadic and detected in just one or a few samples.  
Constituent concentrations are similar at multiple sample depths within the same 
boring locations, and higher concentrations do not directly correlate with 
proximity to the ash basin elevation or the water table, therefore are likely 
naturally occurring.     

 Maximum Contaminant Concentrations (Source ES.5.3
Information) 

Maximum concentrations of COIs generally occur in the CCR material and pore 
water accumulated in the ash basins.  Ash pore water samples collected from 
wells installed within the ash basins and screened in the ash layers have been 
monitored since 2015.  Concentrations of detected constituents have been 
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relatively stable, with minor fluctuations.  The coal pile is also a likely source of 
constituents to groundwater.   

Ash pore water within the inactive ash basin has concentrations of aluminum, 
arsenic, boron, calcium, iron, manganese, molybdenum, strontium, sulfate, total 
dissolved solids (TDS) and vanadium greater than 2L/IMAC or PBTVs, 
whichever is greater (note comparison of pore water within the basins to 2B or 
2L/IMAC is for source area information only).  Ash pore water within the active 
ash basin indicate concentrations of antimony, arsenic, boron, calcium, cobalt, 
iron, manganese, molybdenum, strontium, thallium, total dissolved solids (TDS) 
and vanadium greater than 2L/IMAC or PBTVs, whichever is greater.   

Typically, the greatest COI concentrations are detected in either ash pore water 
within the basins or shallow groundwater in the vicinity of the coal pile north-
northeast of the inactive basin.  The greatest concentrations of antimony, arsenic, 
boron, iron, molybdenum, strontium, vanadium, and total uranium were 
detected within ash pore water.  The greatest concentrations of beryllium, 
cadmium, manganese, nickel, selenium, sulfate, TDS, and thallium were detected 
in the vicinity of the coal pile.  The greatest concentrations of the remaining 
COIs, including chromium, hexavalent chromium, cobalt, and total radium, were 
detected at various other locations downgradient of the ash basins. 

Detections of COIs in soil samples at concentrations greater than PSRG POGs or 
PBTVs were infrequent, sporadic, and at various locations and depth intervals.  
Several PSRG POG exceedances were at background locations.  This indicates 
limited distribution and migration of COIs in soil potentially derived from the 
ash basins.  This also indicates that soils are not a secondary source to 
groundwater beyond the waste boundaries of the ash basins.   

 Site Geology and Hydrogeology ES.5.4
Geology beneath the Allen Plant can be classified into three units: regolith 
(shallow), transition zone (deep), and bedrock.  Regolith is the shallowest 
geologic unit and includes surficial residual soils, fill and reworked soil, 
alluvium along the Lake Wylie stream valley, and saprolite.  Saprolite is thick, 
with a depth up to about 130 feet, and is typically saturated.  The regolith is 
primarily comprised of fine-grained material, such as silty clay and clayey sand.   

The transition (deep) zone at the Allen Site is generally continuous throughout 
the Allen Plant area and is comprised mostly of partially weathered rock that is 
gradational between saprolite and competent bedrock.  The transition zone is up 
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to 65 feet in thickness.  The change from partially weathered rock to competent 
bedrock, is defined by subtle changes in weathering, secondary staining, 
mineralization, core recovery, and the degree of fracturing in the rock.   

Bedrock at the Site consists of meta-quartz diorite and meta-diabase.  Based on 
rock core descriptions, the meta-quartz diorite, which is the predominant rock 
type at the Site, is very light gray to dark gray, fine- to coarse-grained, non-
foliated and massive to foliated, and is composed dominantly of plagioclase, 
quartz, biotite, and hornblende.  The meta-diabase is greenish black to very dark 
greenish gray, is mostly non-foliated, and is noted as aphanitic to fine-grained, 
although it is described as fine- to coarse-grained in some boring logs.   

Shallow bedrock is fractured; however, only mildly productive fractures 
(providing water to wells) were observed within the top 50 feet to 75 feet of 
bedrock. The majority of fractures are relatively small (e.g., close and tight) and 
appear to be limited in connectivity between borings. Yields from pumping or 
packer testing are low.  

The Allen groundwater system flow direction within each of the three layers is 
generally consistent.  Water levels fluctuate up and down with seasonal changes 
in precipitation evapotranspiration, but the overall groundwater flow directions 
do not change due to seasonal changes in precipitation.   

The groundwater system at Allen is consistent with the regolith-fractured rock, 
slope-aquifer system and is an unconfined, connected aquifer system. Typically, 
groundwater flow within the slope-aquifer system mimics surface topography.  
An elongated topographic high creates a groundwater divide that trends 
approximately north to south and roughly follows NC Highway 273.  
Groundwater to the east of the divide, including groundwater within the Allen 
Plant, flows to the east toward Lake Wylie and to the northeast and north toward 
Duke Energy property and the discharge canal, as confirmed by water level 
measurements onsite.  Groundwater to the west of the divide flows west toward 
the South Fork Catawba River.   

The hydraulic head created by the impounded water in the active ash basin 
under current conditions creates a slight mounding effect that influences 
groundwater flow direction in the immediate vicinity of the basin.  Beyond the 
area of impounded water, the forces of natural advective flow overcome the 
mounding effect and groundwater flow continues toward the east and Lake 
Wylie.  Water level measurements from site wells indicate that the mounding 
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effect does not extend beyond the ash basin boundary, indicating groundwater 
does not flow toward the water supply wells in the vicinity of the basin. 

 Conclusions and Recommendations ES.6
The investigation described in the CSA presents the results of the assessments required 
by the Coal Ash Management Act (CAMA) and 2L.  The ash basin CCR material was 
determined to be a source of the groundwater contamination. The assessment 
investigated the Site hydrogeology, determined the direction of groundwater flow from 
the ash basins, and determined the horizontal and vertical extent of impacts to 
groundwater and soil sufficient to proceed with preparation of a CAP.   

Assessment findings determined that CCR accumulated in the ash basins is the primary 
source of impact to groundwater.  Groundwater COIs migrate laterally and vertically 
into and through surficial regolith (shallow flow zone), the transition zone (deep flow 
zone), and fractured bedrock (bedrock flow zone).  Boron, the primary ash basin plume 
indicator parameter, is detected at concentrations greater than the 2L east of the ash 
basins in the shallow, deep, and bedrock flow zones.  Boron is not present at 
concentrations greater than the PBTV in wells to the west and south of the active ash 
basin compliance boundary.   The extent of downgradient plume migration is limited to 
the shores of Lake Wylie/Catawba River, where it discharges. 

Boron is the primary constituent detected in groundwater at concentrations greater than 
background and the 2L standard near or beyond the compliance boundary, as boron is 
present at high concentrations, readily solubilizes and migrates with minimal retention.  
In contrast, some COIs, such as arsenic and cobalt, readily adsorb to aquifer materials 
and do not readily solubilize; thus, they are relatively immobile.  Therefore, the extent 
of boron concentrations greater than the PBTV, is interpreted to represent the extent of 
ash basin influence on groundwater.   

The coal pile (located north-northeast of the inactive basin) is another primary source of 
impact to groundwater.  Constituents such as beryllium, cadmium, nickel, and zinc that 
are infrequently detected elsewhere at the site are detected at elevated concentrations, 
and in addition, aluminum, arsenic, cobalt, manganese, sulfate, thallium, and TDS are 
detected near the coal pile at greater concentrations than elsewhere at the Site.  Boron 
concentrations at locations immediately adjacent to the basin in this area are similar to, 
if not less than other areas downgradient of the basins indicating the area is influenced 
by the inactive ash basin, but it is not likely the primary source of the constituents 
detected in this area.   
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Soil samples collected beneath the ash basins indicate a few limited and sporadic 
detections of COIs above PBTVs and PSRG POG values.  Soils beneath the inactive and 
active ash basin have constituent concentrations similar at multiple sample depths 
within the same boring location, and higher concentrations do not directly correlate 
with proximity to the base of the ash.  This indicates detected constituent concentrations 
are likely naturally occurring.  This also indicates that there is limited potential for soil 
to be a secondary source of constituents to groundwater.  

Surface water data indicates constituent concentrations are typically greater at locations 
downgradient of the ash basins compared to locations upgradient of the basins.  
However, no constituent concentrations were greater than applicable 2B values for 
protection of aquatic life and recreational uses.  Results from surface water samples 
collected from Lake Wylie/Catawba River do not indicate that impacted groundwater 
associated with the Allen ash basins is causing 2B exceedances in Lake Wylie/Catawba 
River.  Additional surface water and sediment data collection is anticipated to support 
the evaluation of potential monitored natural attenuation in the area of the 
groundwater plume discharge into surface water. 

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

The Allen ash basins are currently designated as “Intermediate” risk under CAMA, 
meaning closure of the ash basins is required by 2024.  The updated evaluation of risks 
has determined that there are no unacceptable potential risks to human health or the 
environment due to groundwater, surface water, or sediment impacts from the ash 
basins. The private water supply wells located near the plant are not located in the ash 
basin groundwater flow paths and analytical results of the water supply wells indicate 
the ash basins have not affected water quality.  A "Low" risk classification and closure 
via a cap-in-place scenario are considered appropriate as alternative water supplies are 
being provided in accordance with G.S. 130A-309.213.(d)(1) of House Bill 630. 

A preliminary evaluation of groundwater corrective action alternatives is included in 
this CSA to provide insight into the CAP preparation process.  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. 
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 Excavate the ash to remove the source of the COIs from the groundwater flow 
system. 

 Some combination of the above. 

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 basin.  If a “Low” risk classification is determined, a well-
designed capping system is 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.  It is anticipated that 
groundwater corrective action by monitored natural attenuation (MNA) will be further 
evaluated in the CAP.  As warranted, a number of viable groundwater remediation 
technologies, such as phytoremediation, groundwater extraction, and hydraulic 
barriers, may be evaluated based on 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. 

Based on the assessment results, the CAP will focus on areas where boron 
concentrations exceed the 2L, which is the primary indicator of CCR influence on 
groundwater from the ash basins.  These areas are primarily located east of the ash 
basins and beneath the ash basins in the shallow, deep, and bedrock flow zones.  The 
CAP will also consider other constituents with concentrations likely attributable to CCR 
from the ash basins such as arsenic.  Additional monitoring wells may be installed in 
shallow groundwater beneath the ash basins and deeper within bedrock downgradient 
of the basins to evaluate the effectiveness of corrective measures. 

Different remedial strategies may be applied to different portions of the Site, including 
the area north-northeast of the inactive ash basin which may be influenced by the coal 
pile.  Remedial strategies in this area may be evaluated and implemented separately 
from ash basin closure and corrective action, with a focus primarily on the shallow flow 
zone and for different constituents such as arsenic, cadmium, cobalt, nickel, selenium, 
sulfate, TDS, thallium, and zinc. 
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