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 MARK McINTIRE  

Director  
Carolinas Energy Affairs and Stakeholder Strategy  

410 S. Wilmington Street  
Raleigh, NC 27601  
Tel: 919-546-6338  

mark.mcintire@duke-energy.com 

 
June 15, 2018 

Dr. Jamie Bartram, Chair 
NC DEQ and DHHS Secretaries’ Science Advisory Board 
217 W. Jones Street 
Raleigh, NC 27603 
 
Dr. Bartram and Science Advisory Board members, 
 
We appreciate the Science Advisory Board members’ attention to contaminants currently 
unregulated in public drinking water supplies and groundwater supplies in the state. Duke 
Energy shares your interest in ensuring safe drinking water and in protecting North Carolina’s 
water resources. 
 
We understand that advisory board members expressed interest at the April 30 meeting in 
receiving data related to hexavalent chromium. We wanted to make a few documents available 
to you that have been part of a body of work we’ve provided to previous administrations at the 
Department of Environmental Quality (DEQ) and the Department of Health and Human Services 
(DHHS.) We felt it was important to share some of the most salient science and ensure your 
advisory board has the benefit of this research. 
 
As part of the N.C. Coal Ash Management Act, the company has conducted some of the most 
extensive and thorough groundwater studies in the state’s history, if not the nation. The 100 to 
200 monitoring wells at each of our 14 plant sites provide significant data that we submit to DEQ 
and that are informing groundwater corrective action steps and ash basin closure decisions. 
We’re partnering with a number of outside environmental engineering firms and have convened 
a National Ash Management Advisory Board to develop and vet our recommendations. 
 
These studies and the research from a number of outside experts continue to show that 
plant neighbors’ well water has not been affected by ash basin operations. In one case at 
the Sutton Plant, our monitoring identified that groundwater was beginning to migrate in the 
direction of public wells near the plant, unrelated to hexavalent chromium. We worked 
proactively in 2013 to address it and ensure the community had safe water for the future. 
 
From our perspective, a thoughtful and holistic approach is critical in determining standards for 
hexavalent chromium in North Carolina groundwater. Safety standards and guidance should 
apply consistently to all North Carolinians regardless of their water source—not to just a small 
subset of a few hundred Duke Energy plant neighbors who happened to be among the first 
tested for this substance.  
 
Increasing data demonstrate hexavalent chromium occurs naturally at varying levels in North 
Carolina groundwater. Based on limited background testing to date, many well owners in the 
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state far from ash basins would not meet the 2015 DHHS health screening level of 0.07 parts 
per billion. Similarly, many regulated public water supplies, particularly those sourced from 
groundwater, exceed the 2015 DHHS health screening level. This is not surprising since the 
U.S. EPA’s drinking water standard for chromium is 100 ppb, currently under review. We 
respectfully defer to state officials on how best to reconcile this as you continue to work through 
this complex issue.  
 
Of key importance to us is helping to resolve the substantial confusion our plant neighbors 
experienced in 2015-2016 regarding guidance on their well water safety. Some of that concern 
persists even today, despite our best efforts to voluntarily provide bottled water deliveries and 
support state legislation to install alternative water supplies—all when their water supplies show 
no signs of coal ash impacts. 
 
We offer a few key observations from the volumes of groundwater data we’ve submitted since 
2015 and summarized in this information packet: 
 

 Duke Energy’s ash basins are unlined because they were constructed many years ago 
before regulations required the lining systems you’d see today. Because of this, we see 
limited groundwater impact under and downgradient from the ash basins. This will be 
addressed through a combination of safely closing ash basins and implementing 
appropriate groundwater corrective action steps. 

 Groundwater studies confirm that very few private wells are downgradient from ash 
basins. The vast majority of plant neighbors’ wells are upgradient, meaning groundwater 
influenced by ash basins is flowing away from their wells toward the nearby surface 
water.  

 Ongoing monitoring of those surface waters shows rivers and lakes are well protected 
for drinking supplies, recreation and their other uses. 

 Elevated levels of boron and sulfates in tandem are leading indicators of potential coal 
ash influence. The state’s testing of neighbors’ wells near our facilities showed no 
elevated levels of boron and sulfates in their well water. 

 Neighbors’ well water is consistent with background testing DEQ and other agencies 
have performed and does not exhibit a coal ash signature. 

 A Duke University study in October 2016 determined that hexavalent chromium in well 
water is not originating from ash basins but from volcanic rocks and natural geology. 
This is consistent with Duke Energy data showing hexavalent chromium levels in ash 
basins themselves are quite low or at non-detectable levels.  

 Because geology is driving the low levels of hexavalent chromium in drinking water 
supplies, groundwater tends to exhibit higher amounts than surface waters:  “A Water 
Research Foundation (WaterRF) funded study (Frey 2004) investigated occurrence of 
chromium (both individual species and total) in 407 source waters of the U.S. The study 
found that total chromium occurs both in surface and groundwaters; however, 
hexavalent chromium was not found in surface waters to the same degree as in 
groundwaters. Total chromium in surface waters, with a few exceptions, was primarily 
composed of trivalent chromium. A significant fraction of groundwater results showed 
that the total chromium concentrations were composed exclusively of hexavalent 
chromium” (AWWA, Chromium in Drinking Water, 2013.) 
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In our view, all North Carolinians deserve the same level of protection related to hexavalent 
chromium. Any standard should be uniformly applied to drinking water supplies in the state, 
based on the latest available science and cognizant of natural background conditions. 
 
We appreciate the opportunity to share the attached documents that provide more detail. As you 
continue to explore this issue, please feel free to call on us if we can assist with groundwater 
data from our sites or any other questions you may have. 
 

Sincerely,  
 

 
 
Mark McIntire, PE, BCEE 
 
 
Cc: Sheila Holman, DEQ 
 Bill Lane, DEQ 
 Paul Draovitch, Duke Energy 
 Lara Nichols, Duke Energy 
 Erin Culbert Duke Energy 
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Groundwater monitoring 
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 An elaborate network of monitoring wells track groundwater conditions near ash 
basins. 

 Scientific studies demonstrate ash basins are not affecting neighbors’ drinking 
water wells, and we have been proactive in addressing potential issues. 

 We’ve conducted thorough groundwater studies as part of requirements in the N.C. 
coal ash law. 

 The federal coal ash rule also requires separate monitoring immediately around the 
basins and is intended to identify the ash basins that utilities should close. 

 Results do not impact our plans, since we are  
already closing basins and are well down that  
planning path. 

 Results inform corrective action steps. 

 
 

 



EPA vs. NC standards 
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Parameter

Federal EPA Maximum

Contaminant Level (MCL)

North Carolina

2L Groundwater Standard

Arsenic 10 ug/L 10 ug/L

Antimony 6 ug/L 1 ug/L

Cadmium 2 ug/L 2 ug/L

Chromium 100 ug/L 10 ug/L

Lead 15 ug/L 15 ug/L

Mercury 2 ug/L 1 ug/L

Selenium 50 ug/L 20 ug/L

Thallium 2 ug/L 0.2 ug/L (IMAC)

Iron 300 ug/L 300 ug/L

Manganese 50 ug/L 50 ug/L

pH 6.5-8.5 6.5-8.5

Sulfate 250 mg/L 250 mg/L

TDS 500 mg/L 500 mg/L

Zinc 5 mg/L 1 mg/L

Boron no MCL or SMCL 700 ug/L

Cobalt no MCL or SMCL 1 ug/L (IMAC)

Hex Chrome no MCL or SMCL no 2L standard

Sodium no MCL or SMCL no 2L standard

Vanadium no MCL or SMCL 0.3 ug/L (IMAC)

State 2015 “do not drink” guidance: 

0.07 ppb hexavalent chromium 

0.30 ppb vanadium 

 

State agencies lifted that guidance 

about a year later after more study. 

 

The same quality of drinking water that 

serves millions of Americans daily in 

their public water systems would have 

triggered “do not drink” advisories if 

coming from a private well near an ash 

basin at the time. 

 

Few other N.C. wells had been tested 

for these substances. 



How do you know? 

 The same elements that triggered state “do not drink” guidance for neighbors are 
found naturally at elevated levels in regional soils and groundwater. The 
prevalence of certain elements varies with geology (Piedmont vs. Coastal.) 

 Neighbors’ well results are consistent with background testing across the state by 
various agencies (e.g., NCDEQ,  
USGS, UNC, Duke, etc.) 

 Neighbors’ well results do not exhibit  
indicators of potential coal ash  
influence. 
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How do you know? 

 Groundwater flow is away from neighbors and toward adjacent water bodies. 

 Testing in those rivers and lakes confirms water quality remains safe. 

 Neighbors’ wells are in upgradient locations, and the substances of concern often 
increase with depth—indicating natural occurrence from geology. 

 Coal ash contaminants are dissolved in water with no measurable increase in density, 
as compared to other substances that would tend to “sink” in the aquifer, such as 
denser saltwater.  

 The installed monitoring wells are located between ash basins and any potential 
receptor, including off site wells. If there was an impact at greater depth, then the 
bedrock wells would capture this influence.  

 Computer modeling indicates that flow is expected to continue moving away from 
neighbors in the future. 
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How do you know? 

 US Geological Survey soil data show these elements occur naturally, regardless of ash basins. 
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How do you know? 
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How do you know? 

 US Geological Survey soil data show these elements occur naturally, regardless of ash basins. 
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How do you know? 

 US Geological Survey soil data show these elements occur naturally, regardless of ash basins. 
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How do you know? 

 NC Department of Environmental Quality data show these elements occur naturally across the 
state. Background testing of wells in the same geologic area but far from ash basins showed 
results similar to plant neighbors’ wells. 
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“Vanadium is the 22nd most 

abundant element in the 

earth’s crust with an 

average concentration of 

100 ppm.” 

 
--Toxicological Profile for Vanadium,  

U.S. Department of Health & Human 

Services, September 2012 

 



How do you know? 

 A Duke University study demonstrates hexavalent chromium is naturally occurring in N.C. 
groundwater and does not originate from ash basins. 
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How do you know? 
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Groundwater flow is 

determined by monitoring 

well data (elevations and 

levels of constituents.) 

 

It is not determined by 

modeling. Modeling is a 

tool that helps predict 

future conditions based on 

past data under various 

scenarios.  



How do you know? 

 Boron, a leading coal ash indicator, is clearly originating from ash basins. However, it’s not 
present at elevated levels in neighbors’ well water. 
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Boron shallow wells vs. bedrock wells 



How do you know? 

 Hexavalent chromium levels in basins are low and are not consistent with the higher levels 
observed in neighbors’ wells and bedrock monitoring wells. This is consistent with what you’d 
expect to see from natural geology. 
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Hex chrome shallow wells vs. bedrock wells 



How do you know? 

 Outside experts at Haley & Aldrich in 2016 compared state test results of neighbors’ wells with 
our groundwater monitoring data near ash basins. 

 Groundwater flow 

 With the exception of Sutton, groundwater is not flowing from these facilities to areas where private wells are 
located. 

 Ash indicators 

 Boron and sulfate are the major indicators of coal ash influence in groundwater. 

 If influence exists, both will be present, at levels above background, their concentrations will be correlated and 
there would be a definable plume. 

 With the exception of Sutton, which is already addressed, there are no ash indicators. 

 Lack of exceedances of drinking water standards 

 Very few MCL exceedances (most are pH and SMCL exceedances.) 

 Very few 2L exceedances (most are pH and vanadium.) 

 Very few DHHS exceedances (most are vanadium and hexavalent chromium.) 

 Very few exceedances of purely risk-based standards. 
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How do you know? 

 A strong regional database for background conditions and for wells near the facilities show these data 
sets are very similar. 

 Of the 14,970 DEQ private well analyses, approximately 7% are above a NC screening level. 

 Of the 544 DEQ background well analyses, approximately 4% are above a NC screening level. 

 Of the 4,995 Duke background well analyses, approximately 7% are above a NC screening level. 

 The risk-based drivers for the NC screening levels are vanadium and hexavalent chromium. 

 Comparison of the DEQ private well results for both constituents to background levels from various sources 
(local, state, national) indicate that the results are consistent with these background data sets. 

 

 Conclusion 

 Neighbors’ well results near proposed capping sites are consistent with background and do not exhibit  
a coal ash signature. 
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Federal groundwater process 

Raw, 
baseline 

data posted 
to web 

Additional 
sampling 

Statistical 
analysis 

Notice of 
exceedances 
over MCL* or 
background 

Corrective 
action 
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 We posted the baseline data for each of our sites on Feb. 6, 2018, and are in the early stages 
of an extended process. 

 *Maximum Contaminant Level (MCL) 
 



Groundwater monitoring 

 The groundwater monitoring wells for the federal CCR rule are located immediately next to the 
basin or landfill and do not reflect groundwater conditions farther away or off plant property 
where neighbors are located.  

 We continue to see no concerns for nearby drinking water wells or surface water. 

 Elements (including radium) occur naturally in rocks and soils.  

 Radium has been detected at our sites in background wells (wells hydraulically upgradient of 
our ash basins.)  

 Geology in the Carolinas often includes granite and other rock formations that include uranium, 
and uranium degrades as radium.  

 A Duke University study indicated several N.C. counties had public water sources with naturally 
occurring radium above the U.S. EPA drinking water limit of 5 piC/L. 
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Groundwater monitoring 
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Lake Norman is safe 

 Drinking water supplies near Lake Norman and lake water quality remain safe.  

 New testing through a well-respected, third-party lab in mid-April has verified that Lake 
Norman, Mountain Island Lake and Lake Wylie do not have elevated radium levels. (In 
fact, all samples were < 1 piC/L.) 

 Those who recreate on these lakes and use them for drinking supplies can continue these 
activities with confidence. 

 Water providers around Lake Norman have confirmed they have observed no elevated 
levels for radium or other parameters and meet all state and federal drinking water 
standards. 
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Next steps 

 Our next step in this federal groundwater monitoring process is to determine how 
much radium is the natural background level at each plant site and if ash basins are a 
contributor.  

 Interestingly, we have not detected elevated radium in ash pore water, permitted 
outfall monitoring or in many shallow wells. This is where you would expect to find 
elevated levels if the ash itself was contributing radium. 

 This may mean that site geochemistry is more of a driver of radium in groundwater 
than the ash. 

 While all this additional groundwater data is useful to gather, we are not waiting for 
this analysis to act. We have closure activities underway at many sites or projects in 
flight to prepare for the closure process. 
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Groundwater monitoring 

 Only about 4% of the groundwater samples collected near Catawba River ash basins to date 
reflect results above the federal MCL for radium (5 piC/L). 
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Radium Summary 
Riverbend # Samples **Results > 5 pCi/L 

282 5 
- 0 

Allen 
511 0 
433 5* 

Marshall 
395 52 
350 29 

Totals 1971 86 

*Samples from grout contaminated wells and wells were re-drilled.   
**Zero results above 5 pCi/L in ash pore water samples 

CCR 

CAMA  
CCR 

CAMA  
CCR 

CAMA  
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Numerous scientific studies indicate that our ash basins are not influencing neighbors’ 
water supply wells, and we’ve been proactive in addressing potential issues.  
 
Even so, we support bringing peace of mind to neighbors by providing permanent water 
solutions for those living in the immediate vicinity of coal ash basins.   
 

Background 

The Coal Ash Management Act of 2014 required the state to test plant neighbors’ wells in close 
proximity to ash basins. The N.C. Department of Environmental Quality (DEQ) coordinated the 
testing and selected wells within 1,500 feet of ash basins. Duke Energy paid for the analyses, 
which were performed by various independent laboratories. Test results were then sent to the 
N.C. Department of Health and Human Services (DHHS) to determine if the well water was 
safe.  

The vast majority of well owners’ water met federal drinking water standards, but many did not 
meet new DHHS health screening levels for hexavalent chromium (0.07 parts per billion (ppb)) 
and vanadium (0.3 ppb). The agency sent letters advising that hundreds of residents who 
participated in testing not drink or cook with their well water. Duke Energy offered to provide 
temporary bottled water to those well owners for their peace of mind as we completed thorough 
groundwater studies. Independent experts completed those studies in fall 2015.  

After further review, DHHS lifted the “do not drink” guidance for well owners in March 2016 
related to levels of hexavalent chromium and vanadium. Updates to the new state coal ash law 
in June 2016 require permanent water supplies to well owners within a half-mile of ash basins in 
North Carolina, regardless of whether a well has been impacted by coal ash or not. 

Groundwater studies on Duke Energy plant properties and other publicly available information – 
many from scientific sources outside the company – help shed some light on this complex issue 
for plant neighbors. 

These substances occur naturally 

 Data demonstrate the substances in neighbors’ wells that generated “do not drink” guidance 
occur in North Carolina rocks and soil in the same general ranges.  

 A Duke University study released in October 2016 tested more than 370 wells across North 
Carolina, both close to and far from ash basins. The study determined that hexavalent 
chromium is not from ash basins but from volcanic rock in the Southeast. This validates ash 
basins are not the source of the substance that triggered the majority of the state’s “do not 
drink” letters and the community concern that followed. 

 DEQ well data show these same substances occur naturally at varying levels across the 
state even in locations far away from ash basins. In August 2015, DEQ posted its results for 
background well testing it conducted near three coal plants. The state selected these well 
locations because they were far enough away from the coal plants (generally 2 to 5 miles) to 
ensure plant operations had no potential to impact the wells but were still close enough to 
share the same geology. Twenty out of 24 background wells sampled also received “do not 

Private Well Testing in North Carolina 

 
 

http://www.ncdhhs.gov/news/press-releases/well-owners-start-receiving-letters-drinking-water
https://nicholas.duke.edu/about/news/hexavalent-chromium-widespread-nc-wells-not-linked-coal-ash
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drink” advisories, primarily for vanadium and hexavalent chromium. See the state’s Aug. 28, 
2015, blog post, its spreadsheet of results and DHHS’s Oct. 15, 2015, letter to well owners. 
In the 24 background samples, the state observed a range of <0.6 ppb to 4.5 ppb for 
hexavalent chromium and a range of <1 ppb to 23.7 ppb for vanadium. Most plant 
neighbors’ results fall within these ranges. 

 Background well data at other locations across North Carolina show these substances occur 
many miles from ash basins. Well testing in Chatham, Jackson and Lee counties with no 
presence of coal ash shows similar results. 

 Background well data in the state-required groundwater assessment reports performed by 
independent experts show the presence of hexavalent chromium and vanadium on plant 
properties in locations that are not influenced by basin flow (upgradient). 

 The concentrations of hexavalent chromium in ash basin water are low and not consistent 
with the higher levels observed in neighbors’ wells. Similarly, ash basins are relatively 
shallow, and the concentrations of hexavalent chromium are typically higher the deeper you 
sample into bedrock. This suggests the source is natural geology. 

 Duke Energy sampled nearly 200 employees’ wells in 2015 to enhance background data 
available across the state. These private wells were located at least 2 miles away from ash 
basins – far enough not be influenced by them. This testing also detected hexavalent 
chromium and vanadium in many samples in the same general range the state observed in 
its background well testing. 

 U.S. Geological Survey data demonstrate vanadium is common in North Carolina soils, and 
it’s also common in North Carolina groundwater (slide 14) at levels that exceed the state’s 
Interim Maximum Allowable Concentration of 0.3 ppb and that triggered “do not drink” 
advisories. 

 The state’s Frequently Asked Questions illustrates that many municipal water supplies in 
North Carolina and across the United States also contain low levels of vanadium and 
hexavalent chromium for the same reasons. The same quality of municipal water that meets 
U.S. Environmental Protection Agency standards and safely serves hundreds of millions of 
people across the nation would have triggered North Carolina “do not drink” advisories if it 
were coming from a private well. 

 DEQ noted in a Jan. 13, 2016, update to legislators that more than 70 percent of public 
water systems in the United States that have sampled for hexavalent chromium and 
vanadium would exceed N.C. DHHS screening levels. 

 

There is no evidence of ash basin influence 

 Most importantly, DEQ private well data show no elevated levels of boron in neighbors’ 
wells. Boron  is one of the key indicators the U.S. Environmental Protection Agency and the 
industry use to identify potential impact from coal ash.  

 Some of the most experienced environmental engineering firms in the nation have 
performed a series of groundwater studies around North Carolina ash basins. This work has 
been the most comprehensive look at groundwater ever performed at our facilities. More 
than 750 groundwater monitoring wells were installed across the 14 plant sites in 2015 to 
explore the flow direction of groundwater and the vertical and horizontal extent of 
groundwater impact.  

 The monitoring data demonstrate groundwater near ash basins is moving away from 
neighbors’ wells, which are generally upgradient. Groundwater near the Sutton Plant ash 

https://deq.nc.gov/blog/2016-01-12/groundwater-reconnaissance-well-water-sampling-study-results-posted
https://deq.nc.gov/blog/2016-01-12/groundwater-reconnaissance-well-water-sampling-study-results-posted
http://portal.ncdenr.org/c/document_library/get_file?uuid=1b4291cf-958f-4b7e-a272-fb7ab608a158&groupId=14
https://ncdenr.s3.amazonaws.com/s3fs-public/document-library/10.15_DHHS_DEQ_LettertoWellOwners.pdf
http://pubs.usgs.gov/pp/p1648/p1648.pdf
https://ncdenr.s3.amazonaws.com/s3fs-public/document-library/1.13.16%20Reeder%20ERC%20Presentation%202016%20-%20Final.pdf
http://portal.ncdenr.org/c/document_library/get_file?p_l_id=1169848&folderId=1837865&name=DLFE-115668.pdf
https://deq.nc.gov/blog/2016-01-26/deq-gives-legislative-update-coal-ash-cleanup
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basins in Wilmington, N.C., is an exception, and the company has already taken steps to 
address this. 

 State regulators requested that additional groundwater monitoring wells be installed to 
further validate the extent of groundwater impact, flow direction and what the natural 
“background” levels are of various substances. The company installed nearly 200 additional 
wells in 2016 to gather additional information. Data coming from those wells is consistent in 
showing the same flow directions and extent of impact. The company expects to be able to 
better identify background levels following additional sampling events. Computer modeling 
also validates that flow directions are expected to continue moving away from neighbors’ 
wells in the future. 



HEXAVALENT CHROMIUM IS WIDESPREAD IN N.C. 
WELLS BUT NOT LINKED TO COAL ASH  

October 26, 2016  
Contact: Tim Lucas 919/613-8084 tdlucas@duke.edu 

Note: Avner Vengosh is available for additional comment at (919) 491-6792 or 
vengosh@duke.edu. 
 
DURHAM, N.C. – Hexavalent chromium, a carcinogen made famous by the movie Erin 

Brockovich, is far more abundant in drinking water wells in North Carolina than previously 
thought, a new Duke University study finds. 

The contamination doesn’t, however, stem from leaking coal ash ponds as many people 
feared after state officials tested wells near coal plants last year and detected potentially 
harmful levels of hexavalent chromium in the water. 

Instead, it’s caused by the natural leaching of mostly volcanic rocks in aquifers across the 
Piedmont region. 

“About 90 percent of the wells we sampled had detectable levels of hexavalent chromium, 
and in many cases the contamination is well above recommended levels for safe drinking 
water. But our analysis clearly shows it is derived from natural sources, not coal ash,” said 
Avner Vengosh, professor of geochemistry and water quality at Duke’s Nicholas School of 
the Environment. 

“This doesn’t mean it poses less of a threat,” Vengosh stressed. “If anything, because the 
contamination stems from water-rock interactions that are common across the Piedmont 
region, people in a much larger geographic area may be at risk. This is not limited only to 
wells near coal ash ponds. 

“The bottom line is that we need to protect the health of North Carolinians from the naturally 
occurring threat of hexavalent chromium, while also protecting them from harmful 
contaminants such as arsenic and selenium, which our previous research has shown do 

mailto:vengosh@duke.edu


derive from leaking coal ash ponds,” Vengosh said. “The impact of leaking coal ash ponds 
on water resources is still a major environmental issue.” 

To conduct the new study, the researchers collected groundwater samples from 376 wells 
located both close to and far from coal ash ponds across the Piedmont region of central 
North Carolina. Using forensic geochemical tracers, they analyzed each sample for a wide 
range of inorganic chemicals, including hexavalent chromium. 

The tracers, which were developed by Vengosh and his team, allowed the scientists to 
identify the geochemical fingerprints of contaminants in the groundwater and trace each 
contaminant back to its source. 

“Our analysis showed that groundwater samples with high levels of hexavalent chromium 
have very different geochemical fingerprints than what we see in groundwater contaminated 
from leaking coal ash ponds,” Vengosh said. 

“This, combined with the wide geographic distribution of samples containing elevated 
hexavalent chromium – regardless of proximity to a coal ash pond – points to the natural 
leaching of chromium from aquifer rocks in certain Piedmont geological formations,” he 
said.   

Piedmont formations with volcanic rocks are common across the southeastern United 
States and other areas worldwide, Vengosh noted, so millions of people in regions outside 
North Carolina with similar aquifers may be exposed to hexavalent chromium without 
knowing it. 

The Duke team published its findings October 26 in the peer-reviewed journal 
Environmental Science and Technology Letters.   

In 2015, water-quality officials in North Carolina issued temporary “do not drink” 
recommendations to residents living near coal-burning plants after tests detected potentially 
harmful levels of hexavalent chromium in their well water samples. Because elevated levels 
of chromium typically occur in coal ash, many people assumed the contamination was 
linked to the coal ash ponds. 



Vengosh’s team’s study is the first to show otherwise. 

The current drinking water standard for chromium in the United States is 100 parts per 
billion. This is based on an assumption that most chromium contained in drinking water is 
composed of a less toxic form known as trivalent chromium. Only California has set a 
statewide standard of 10 parts per billion for the much more toxic hexavalent form. 

Vengosh hopes his study’s findings will lead more states to establish hexavalent chromium 
standards of their own. “One of the most striking outcomes of this study is that it shows the 
concentration of hexavalent chromium in groundwater is almost identical to the 
concentration of total dissolved chromium, measured by a totally different technique” he 
said. “That means when you will find chromium in groundwater, it is actually composed of its 
toxic form of hexavalent chromium, not the less toxic trivalent form.” 

Rachel Coyte, Jonathan Karr, Jennifer S. Harkness, Andrew J. Kondash, Rose B. Merola, 
and Gary S. Dywer of Duke University and Laura S. Ruhl of the University of Arkansas at 
Little Rock co-authored the study. 

Funding came from the North Carolina Water Resources Research Institute and the 
Foundation for the Carolinas. 
  
### 

CITATION: “The Origin of Hexavalent Chromium in Drinking Water Wells from the Piedmont 
Aquifers of North Carolina,” Avner Vengosh, Rachel Coyte, Jonathan Karr, Jennifer S. 
Harkness, Andrew J. Kondash, Laura S. Ruhl, Rose B. Merola, Gary S. Dywer, 
Environmental Science and Technology Letters, Oct. 26, 2016; DOI: 
10.1021/acs.estlett.6b00342 
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Oct. 26, 2016    

Duke University study finds hexavalent chromium is not from ash 
basins   

CHARLOTTE, N.C. – Duke Energy today issued the following statement regarding new 
research from Duke University that identified low levels of hexavalent chromium in many 
drinking water wells far from coal ash basins. The study is published in the Oct. 26 peer- 
reviewed journal Environmental Science and Technology Letters. 

  --------- 

We are gratified that Duke University’s independent research supports and validates the 
robust scientific study that experts have conducted at our facilities.  

“When combined with previous research, there is overwhelming evidence that coal ash 
basins are not impacting water quality in neighbor wells,” said Harry Sideris, senior vice 
president of environmental, health and safety. “This study is an extraordinary 
development, particularly for hundreds of plant neighbors who have been needlessly 
concerned that ash basins contributed hexavalent chromium or other substances to 
their wells.” 

We remain focused on offering permanent water solutions to plant neighbors, as 
required by North Carolina’s new coal ash law.  

Given the clear evidence from a number of sources, it’s time to move forward with 
safely closing ash basins in ways that protect people, the environment and wallets.   

While coal ash basins have been ruled out as the source of hexavalent chromium in 
wells, the Duke University study raises important questions about drinking water. We 
support calls for EPA to complete its scientific review of an appropriate standard for 
hexavalent chromium in drinking water so there can be consistent guidance across the 
nation. 

Additional data points: 

 The N.C. Department of Environmental Quality conducted background testing in 
August 2015 that identified hexavalent chromium in a number of private wells 
that were not near ash basins. Subsequent testing in other areas, such as 
Chatham, Jackson and Lee counties, also showed similar results. 

https://nicholas.duke.edu/about/news/hexavalent-chromium-widespread-nc-wells-not-linked-coal-ash
http://pubs.acs.org/doi/abs/10.1021/acs.estlett.6b00342


Duke Energy News Release 2 

 Dr. Kenneth Rudo noted in recent testimony that the state health agency issued 
50 to 70 health risk evaluations for hexavalent chromium in North Carolina wells 
not near ash basins. 

 A 2004 Water Research Foundation-funded study investigated drinking water 
sources across the nation. In groundwater sources, a significant percentage of 
the chromium present was hexavalent chromium (Frey 2004). 

 Comprehensive groundwater studies of Duke Energy ash basins found the 
concentrations of hexavalent chromium in ash basin water are low and are not 
consistent with the higher levels observed in neighbors’ wells. Similarly, ash 
basins are relatively shallow, and the concentrations of hexavalent chromium are 
typically higher the deeper you sample into bedrock. This suggests the source is 
natural geology. 

For additional information, visit duke-energy.com/ash-management. 

About Duke Energy 
Headquartered in Charlotte, N.C., Duke Energy is an S&P 100 Stock Index company 
traded on the New York Stock Exchange under the symbol DUK. More information 
about the company is available at duke-energy.com.  

The Duke Energy News Center serves as a multimedia resource for journalists and 
features news releases, helpful links, photos and videos. Hosted by Duke Energy, 
illumination is an online destination for stories about remarkable people, innovations, 
and community and environmental topics. It also offers glimpses into the past and 
insights into the future of energy.  

Follow Duke Energy on Twitter, LinkedIn, Instagram and Facebook. 

### 

http://www.duke-energy.com/
http://news.duke-energy.com/
http://illumination.duke-energy.com/
https://twitter.com/dukeenergy
https://www.linkedin.com/company/duke-energy-corporation
https://www.instagram.com/duke_energy
https://www.facebook.com/dukeenergy


 

 

 

 

 

MEMORANDUM 
 
TO:  ENVIRONMENTAL REVIEW COMMISSION   

The Honorable Jimmy Dixon, Co-Chair 
The Honorable Chuck McGrady, Co-Chair 
The Honorable Trudy Wade, Co-Chair 
 
JOINT LEGISLATIVE OVERSIGHT COMMITTEE ON HEALTH AND HUMAN SERVICES 
The Honorable Marilyn Avila, Co-Chair 
The Honorable Josh Dobson, Co-Chair 
The Honorable Louis Pate, Co-Chair 
 

FROM:   Mollie Young, Director of Legislative Affairs 
 
SUBJECT:   Final Report on the Study of Standards and Health Screening Levels for 

Hexavalent Chromium and Vanadium 
 
DATE:  April 1, 2016 
 
Pursuant to S.L. 2015-286, section 4.8A(b), “the Department [of Environmental Quality, in 
conjunction with the Department of Health and Human Services] shall submit an interim report 
no later than November 1, 2015, and a final report no later than April 1, 2016, to the 
Environmental Review Commission and the Joint Legislative Oversight Committee on Health 
and Human Services on its activities conducted pursuant to subsection (a) of this section, 
together with any pertinent findings or recommendations, including any legislative proposals that 
it deems advisable.” The attached report satisfies this final reporting requirement. 

If you have any questions or need additional information, please contact me by phone at (919) 
707-8618 or via e-mail at mollie.young@ncdenr.gov. 

cc:   Tom Reeder, Assistant Secretary for Environment, DEQ 
Dr. Megan Davies, Acting State Health Director, State Epidemiologist and Chief, DHHS 

  
 
 

mailto:mollie.young@ncdenr.gov
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Final Report on the Study of Standards and Health 
Screening Levels for Hexavalent Chromium and Vanadium 

Report from the N.C. Department of Environmental Quality to the N.C. 

Environmental Review Commission and the state Joint Legislative Oversight 

Committee on Health and Human Services  under S.L. 2015-286, Section 4.8A(b) 

April 1, 2016 

Reporting Requirement 
Section 4.8A of S.L. 2015-286 directed the N.C. Department of Environment and Natural Resources 

(named changed by 2015 legislation to N.C. Department of Environmental Quality (DEQ)), in conjunction 

with the Department of Health and Human Services (DHHS), to study the state groundwater quality 

standards and interim maximum allowable concentration levels established in state rule 15A NCAC 02L, 

as well as the DHHS health screening levels for hexavalent chromium and vanadium. The study 

compared NC’s criteria other southeastern states’ standards and the federal maximum contaminant 

levels under the Safe Drinking Water Act. The goal of the study was to assist in identifying the “… 

appropriate standards to protect public health, safety and welfare; the environment; and natural 

resources.” This section of the session law directed the Department to evaluate “background standards” 

for these contaminants where they naturally occur in groundwater. DEQ, including its Division of Water 

Resources (DWR) and Division of Waste Management (DWM) respectfully submits this final report to 

the N.C. Environmental Review Commission and the state Joint Legislative Oversight Committee on 

Health and Human Services to complete the study required by Section 4.8A of S.L. 2015-286. 

Groundwater Quality Standards are established by EMC 
North Carolina’s groundwater in its natural state is overwhelmingly a high-quality resource, generally 

potable without significant treatment when obtained from a properly constructed and disinfected well. 

In accordance with 15A NCAC 02L .0103, the NC Environmental Management Commission (EMC) 

establishes the best usage of groundwaters as a source of drinking water. Historically and currently, 

roughly half of North Carolinians rely on the state’s groundwater resources for their drinking water, 

whether from public supplies or private wells and thousands of new private wells are installed each 

year.  

The EMC is directed to adopt classifications and water quality standards for protection of waters of the 

state under G.S. 143-214.1. In assigning classifications, the EMC is directed by G.S. 143-214.1(d)(5) to 

consider “the natural quality of the water below land surface and the condition of occurrences, 

recharge, movement and discharge, the vulnerability to pollution from wastewaters and other 

substances, and the potential for improvement of the quality and quantity of the water.” 

Under direction of statutory authority, the EMC has established classifications and groundwater quality 

standards in 15A NCAC 02L .0202 that recognize (1) the natural high quality of the groundwater 
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resources of the state, (2) the existing and potential future uses of the state’s groundwater as a source 

of drinking water, (3) the vulnerability of the groundwater to contamination, and (4) the difficulty of 

restoring the groundwater once contaminated. The groundwater standards in 15A NCAC 02L  recognize 

and protect the natural quality of groundwater as a drinking water resource by establishing  the levels to 

which discharged contaminants may be tolerated without creating a threat to human health or render 

the groundwater unsuitable for its best intended use. 

Groundwater standards are established according to the lowest of the following six criteria: 

1. A concentration protective of the non-cancer or systemic effects of a contaminant; 
2. A concentration which corresponds to an incremental lifetime cancer risk of one-in-one-million; 
3. The taste threshold limit value; 
4. The odor threshold limit value; 
5. The Maximum Contaminant Level (MCL) 1; or 
6. The National Secondary Drinking Water Standard  

 
Further, 15A NCAC 02L .0202 requires that the following references, in order of preference, be used in 

establishing concentrations of substances which correspond to levels described above: 

1. Integrated Risk Information System (US EPA) 

2. Health Advisories (US EPA Office of Drinking Water) 

3. Other health risk assessment data published by the US EPA 

4. Other relevant, published health risk assessment data, and scientifically peer-reviewed 

published toxicological data. 

For those substances where no standard has been established, the default standard is the practical 

quantitation limit (PQL), which is the lowest concentration of a substance that can be reliably achieved 

by a laboratory using approved analytical methods as directed by 15A NCAC 02L .0112.  

A critical inter-agency communication step occurs before rulemaking is initiated to adopt new or revised 

groundwater quality standards.  In 2007, the DEQ DWR with input from DHHS and DEQ DWM, 

established a policy document entitled the “Groundwater Standards Development Standard Operating 

Procedure”. It was last revised in 2011, and is referred to as an “SOP”.  The DEQ DWR notifies DHHS 

Division of Public Health and DEQ DWM of a proposal, providing them supporting information for the 

scientific basis used to develop the proposal in accordance with rule. The purpose of this communication 

is to request input and a review of the proposal(s). DHHS and DEQ DWM provides input in accordance 

with the “Groundwater Standards Development SOP” prior to DWR’s initiation of rulemaking 

recommendations for EMC consideration  

                                                           
1 The Commission may also establish groundwater standards less stringent than the existing maximum 
contaminant levels (MCL) for public water systems or national secondary drinking water standards noted above 
when the MCL or secondary standard is based on outdated risk assessment information. Currently only one 
contaminant, 1,1 Dichloroethylene (1, 1 DCE), has a groundwater standard that is less stringent than the federal 
MCL. Where 1,1 DCE impacts a private well, the Director shall apply the federal MCL. 
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Interim Maximum Allowable Concentrations (IMACs) are established by DEQ 
When no groundwater standard has been set for a particular chemical, rule 15A NCAC 02L .0202 

provides an avenue for an alternative to the PQL-based default standard while still maintaining health-

based protections for groundwater as a source of drinking water.  The PQL-based default is any reliably 

quantifiable amount of a substance.  Under paragraph (c) of the rule, any person may petition the DWR 

Director to establish an interim maximum allowable concentration (IMAC) for a substance for which a 

standard has not been established under the rules. Petitioners commonly represent persons owning or 

controlling a property where groundwater is contaminated above the PQL by one or more chemicals 

with no groundwater standard. The petitioner is required to submit relevant toxicological and 

epidemiological data, study results, and calculations necessary to establish a standard in accordance 

with the groundwater rules. If, after review by DEQ and DHHS using the SOP procedures mentioned 

above, staff may recommend that the Director of DWR establish an IMAC. The IMACs are temporary 

numbers. Established IMACs are provided to the EMC and publicly noticed in the North Carolina 

Register. The IMAC is considered for adoption as a groundwater standard during the next triennial 

review and re-adoption of the groundwater standards. 

The current IMAC for vanadium was approved by the DWQ Director on October 1, 2010 following SOP 

protocol.  It was presented to the EMC on September 8, 2010, and subsequently noticed in the NC 

Register (September 15, 2010). The non-cancer reference dose used to develop this value has since been 

updated and the revised information could be applied in a revised IMAC.  This reevaluation would be 

performed on the basis of current published and peer-reviewed toxicity information that has become 

available since 2010. Staff have reviewed the toxicity information for potential revisions, prompted by 

this legislative report, and would currently advise a revised criterion of ~ 20 µg/L.   

 

Background Standards are established by DEQ 
North Carolina’s groundwater standards recognize that some substances may occur naturally in the 

groundwater at levels above the established groundwater standard in 15A NCAC 02L .0202. Where 

naturally occurring substances exceed any established standard or IMAC, the standard becomes the 

naturally occurring concentration as determined by the DWR Director. Such determinations are typically 

made on a site-specific basis by evaluating site-specific data and studies provided by the person who 

owns or controls the site in question, along with groundwater information available to DWR from 

ambient groundwater quality monitoring. 

Health Screening Levels are established by DHHS 
Health screening levels for private drinking water wells are established by DHHS to communicate to 

private well users the level of risk associated with drinking, bathing, and other uses of their well water. 

In making this determination of risk, DHHS relies on available scientific information including the same 

information that may form the basis of federal drinking water standards and North Carolina 

groundwater quality standards. DHHS health screening levels for vanadium and hexavalent chromium 

were calculated using methodology and toxicity values selected according to the precedence outlined in 

an agreement between DHHS and DEQ Division of Waste Management (DWM) for development of 
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Health Risk Evaluations (HREs) for private well users.  The establishment of North Carolina groundwater 

standards and IMACs must follow the requirements outlined in 15A NCAC 02L .0202, however, health 

screening levels are not limited to a defined set of preferential toxicity criteria. 

 

The practice of evaluating private wells is as follows:  DWR collects private well water sample results and 

sends them to DHHS for review. The analytical results are compared to health screening levels for any 

contaminants that have been detected in the sample.  The results of this review are sent to the well 

owner and local health department in a communication referred to as a health risk evaluation (HRE). 

HREs serve as a tool for informing individual North Carolina households about potential health risks 

associated with the use of their private well water. The HREs offer residents a risk characterization of 

the chemicals present in their wells. 

 

DHHS issued “do not drink” advisories to private well owners after test results indicated an exceedance 

of a DHHS health screening level.  The “do not drink” recommendation from DHHS is based on the 

health screening level calculated by DHHS.  DEQ recommends that DHHS include additional clarifying 

information in the issuance of HREs, that explains that both bottled water, regulated by the US Food and 

Drug Administration (FDA) and water supplied by a public water supply regulated by the US EPA may 

potentially, and legally, contain up to 100 ug/L of hexavalent chromium, measured as total chromium. If 

this additional information is provided in the HRE, then an HRE measuring hexavalent chromium with a 

lab result that is higher than 0.07 ug/L, but less than 100 ug/l, will allow for a more informed health risk 

conclusion by the private well owner.    

Maximum Contaminant Levels are established by the Safe Drinking Water Act 
“Maximum contaminant level” is defined in G.S. 130A-313 as the maximum permissible level of a 

contaminant in water that is delivered to any user of a public water system. Maximum contaminant 

levels (MCLs) are enforceable standards applicable to public water systems. The state Commission for 

Public Health is directed by G.S. 130A-315(b) to establish MCLs for the quality of water provided by 

public water systems (PWSs). The state Commission for Public Health has adopted MCLs by reference 

from federal drinking water standards in 15A NCAC 18C. 

The MCLs represent values for which the costs of additional treatment by the public water system are 

not justified when compared to the public health benefits. The federal Safe Drinking Water Act (SDWA) 

requires the US Environmental Protection Agency (US EPA) to review each National Primary Drinking 

Water Regulation (NPDWR) at least once every six years and revise them, if appropriate, based on 

health effects assessments, changes in technology, or other factors that provide a health or technical 

basis to support a revision. New or revised MCLs are typically only developed once a contaminant has 

been detected in finished drinking water supplies. 

To assure examination of additional chemical constituents occurs, the 1996 federal Safe Drinking Water 

Act (SDWA) amendments require that once every five years US EPA issues a new list of no more than 30 

unregulated contaminants to be monitored by public water systems. The third “Unregulated 

Contaminant Monitoring Rule” (UCMR 3) list was published under Federal Register notice on May 2, 
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2012. UCMR 3 requires monitoring for 30 contaminants (28 chemicals and two viruses) between 2013 

and 2015 using analytical methods developed by US EPA, consensus organizations or both. This 

monitoring provides a basis for future regulatory actions to protect public health, including potential 

modifications to the published enforceable federal MCLs. The UCMR 3 sample collection was completed 

in December of 2015. According to a US EPA October 2015 update, analytical results may be submitted 

through summer of 2016, the completed data set will be publicly available in late 2016. Public Water 

Systems serving greater than 10,000 people were required to participate. Eight hundred facilities (across 

the United States) serving 10,000 or fewer were also included in the UCMR 3.  Of the smaller NC 

facilities, six were required to analyze for both vanadium and chromium VI, three were required to 

analyze only chromium VI and three additional facilities analyzed vanadium only.  The DEQ DWR will 

adopt any new or revised public drinking water regulations promulgated by EPA as a result of the 

UCMR3 monitoring data. 

 

Current NC Standards and Screening Levels for Total Chromium, Hexavalent 

Chromium, and Vanadium 
The following Table No. 1 summarizes the current groundwater standards, IMACs, federal MCLs, and 

DHHS health screening levels for total chromium, hexavalent chromium and vanadium: 

Table No. 1 
Regulatory Mechanism  

*Total 
Chromium 

Hexavalent 
Chromium  
(Cr VI) 

Vanadium 

EMC 15A NCAC 02L Groundwater 
Standard 
(serves to protect GW as a public 
resource) 

10 µg/L** included in 
total 
chromium 

No groundwater 
standard 

DEQ 15A NCAC 02L IMAC n/a n/a 0.3 µg/L 

SDWA Maximum Contaminant Level  
(Public Drinking Water) 
 

100 µg/L Included in 
total 
chromium 

No MCL 

DHHS Health Screening Level 
(used for HRE notifications to private 
well owners) 

n/a 0.07 µg/L 0.3 µg/L 

µg/L = micrograms per liter or parts per billion (ppb) 
*Total Chromium is analytically measured as a complex of Chromium III (Cr III) & Chromium VI (Cr VI). 

**The chromium groundwater standard was calculated as if it consisted entirely of the more      
toxic Cr VI using US EPA toxicity data values developed in 1998 
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Survey of Other States’ Criteria 
NC DEQ has reviewed the environmental and public health regulations, policies and guidance of the 

southeastern states of the US, including Alabama, Florida, Georgia, Kentucky, Mississippi, North 

Carolina, South Carolina, Tennessee, Virginia and West Virginia. The state agency reviewed other states’ 

regulations for information pertaining to evaluation of total chromium, hexavalent chromium and 

vanadium contamination. Most states do not have criteria adopted into state regulations, many have 

policies and evaluation levels used only for clean-up goals, and others have guidance with no concrete 

regulatory effect. The following provides more detailed information on these various levels:  

Seven of ten southeastern states have groundwater criteria that are based upon the federal Maximum 

Contaminant Level (MCL) of 100 µg/L for total chromium as established in the National Primary Drinking 

Water Regulations (40 CFR 141.151) and two have general narrative statements in lieu of specific 

numerical groundwater standards for total chromium. North Carolina, with a chromium groundwater 

standard of 10 µg/L, has a groundwater standard that is more protective than the federal MCL. In 

accordance with G.S. 143-214.1(d)(5) this state standard is designed to prevent the degradation of the 

groundwater as a resource. “The State of North Carolina (the State) relies on groundwater for 

approximately 50 percent of its drinking (potable) water use. In addition, the State has thousands of 

agricultural and industrial groundwater users” according to the DWR Groundwater Management Branch 

“2015 Annual Report”2. 

None of the southeastern states have groundwater standards in regulation for hexavalent Cr (Cr VI). 

However, Alabama has a “protective value”, identified as a “Risk Assessment Preliminary Screening 

Value” (11 µg/L) for Cr VI. It is only used for site specific risk management purposes. It is important to 

note that although North Carolina does not have a groundwater standard or protective value specifically 

designated for Cr VI, the chromium groundwater standard of 10 µg/L was calculated as if it consisted 

entirely of the more toxic Cr VI using US EPA toxicity data values developed in 1998. The US EPA 

Integrated Risk Information System (IRIS) is currently evaluating the toxicity of hexavalent chromium (Cr 

VI) and indicates that they are in step one of a seven step public review process. Catherine Gibbons, 

with the IRIS Program (National Center for Environmental Assessment, US EPA Office of Research and 

Development), was contacted by DEQ DWR and she indicated that, as best case scenario, IRIS hopes to 

“provide the public with a draft to review as early as the end of 2016.”  

 

None of the southeastern states have adopted vanadium criteria in regulation. NC’s IMAC was 

established at the request of the DEQ DWM in 2010. This IMAC of 0.3 µg/L could be revised on the basis 

of published and peer-reviewed toxicity information that has become available since 2010. As a function 

                                                           
2 http://www.ncwater.org/Reports_and_Publications/GWMS_Reports/Network_Annual_Reports/fy2014-
15_network_ann_report.pdf  

 

http://www.ncwater.org/Reports_and_Publications/GWMS_Reports/Network_Annual_Reports/fy2014-15_network_ann_report.pdf
http://www.ncwater.org/Reports_and_Publications/GWMS_Reports/Network_Annual_Reports/fy2014-15_network_ann_report.pdf
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of this report, staff have reviewed the newly available toxicity information for vanadium and could 

currently recommend a revised criterion of ~ 20 µg/L.  To proceed with that potential revision, DEQ 

DWR staff would first collect input from DHHS and DEQ DWM, in accordance with the Groundwater 

Standards SOP, before providing a staff recommendation to the DEQ DWR Director.   

 

Study Results for S.L. 2015-286:  

Many states do not establish regulatory “standards” or “criteria”, the control of contaminants is 

performed on a case-by-case basis by waste management programs, health departments, or water 

quality programs. The criteria used by each state may be identified by numerous names such as: “risk 

based corrective action level”, “screening value”, “clean-up value”, “health risk limits”, etc. The 

following Table No. 2 summarizes all the information DWR was able to collect:   

 

Table No. 2 – Study Results for S.L. 2015-286 
Criteria used by each state is not uniformly identified. Names such as: “risk based corrective action 
level”, “screening value”, “clean-up value”, “health risk limits”, etc. are used and these reported 
values may not be adopted as a regulatory mechanism for the identified state, and may only exist in 
policy or guidance. 

State Total Chromium  
(µg/L) 

Hexavalent Chromium  
(Cr VI) 
(µg/L) 

Vanadium 
(µg/L) 

Alabama 100 11 3.6 

Florida 100 NA 49 

Georgia 100 NA NA 

Kentucky 100 NA NA 

Mississippi 

Narrative 
“Significant deficiencies, 
as determined by the 
Department utilizing 
current EPA guidance...” 

Narrative 
“Significant deficiencies, as 
determined by the 
Department utilizing current 
EPA guidance...” 

Narrative 
“Significant deficiencies, as 
determined by the 
Department utilizing current 
EPA guidance...” 

North Carolina 
10 
Based on Cr VI toxicity  

Included in Total Chromium  0.3 

South Carolina 100 NA NA 

Tennessee 

Narrative 
…”shall contain no other 
constituents at levels and 
conditions which pose an 
unreasonable risk to the 
public health or the 
environment.” 

Narrative 
…”shall contain no other 
constituents at levels and 
conditions which pose an 
unreasonable risk to the 
public health or the 
environment.” 

Narrative 
…”shall contain no other 
constituents at levels and 
conditions which pose an 
unreasonable risk to the 
public health or the 
environment.” 

Virginia 100 NA 86 

West Virginia 100 NA NA 
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Naturally Occurring Concentrations  
Vanadium (V) and hexavalent chromium (Cr VI) are metals that occur naturally in geologic materials 
throughout North Carolina. Modern analytical techniques are capable of quantifying concentrations of 
these two elements in the parts per trillion range, and it is not unusual to detect vanadium and 
hexavalent chromium in groundwater over a wide area at extremely low concentrations. The DWR is 
currently reviewing available data, specific to NC, to better understand naturally occurring groundwater 
quality. This effort includes a review of existing information related to vanadium and hexavalent 
chromium in groundwater. One past effort to study vanadium in groundwater occurred during the 
National Uranium Resource Evaluation (NURE) Program conducted by the US Department of Energy and 
US Geological Survey from 1976 to 1979.3  Sample results of groundwater suggest that Vanadium varies 
significantly across areas of North Carolina, with higher concentrations typically found in the Western 
Piedmont.  

                                                           
3 US Geological Survey, 2004, National Uranium Resource Evaluation (NURE) Hydrogeochemical and 

Stream Sediment Reconnaissance Data: US Geological Survey, Denver, CO. 
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DEQ DWR is currently evaluating naturally occurring or “background” concentrations at all Duke Energy 

coal ash sites across North Carolina as part of the Comprehensive Site Assessment report reviews.  

These site assessment reports to be provided by Duke include a review of background concentrations of 

vanadium and hexavalent chromium for each of the 14 facilities. The data recently collected from wells 

at each of these sites represents a very small sample set over a relatively short period of time, rendering 

it currently insufficient for use to accurately determine a naturally occurring site-specific “background” 

value. Additional groundwater monitoring required for each site coupled with a review of existing 

information will be needed to establish scientifically defensible concentrations believed to be 

representative of naturally occurring or background conditions.   

Under North Carolina General Statute 87-97, newly constructed private drinking water wells are 

required by local health departments to be sampled for 20 parameters before use. Analysis for total 

chromium is required, but not vanadium or hexavalent chromium. If the latter parameters were 
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included in the required sampling, several thousand new groundwater data sources per year would be 

added to our understanding of the occurrence of these elements across North Carolina. 

North Carolina G.S. 143-214.1(d)(5) mandates the consideration of “the natural quality of the water 

below land surface and the condition of occurrences, recharge, movement and discharge, the 

vulnerability to pollution from wastewaters and other substances, and the potential for improvement of 

the quality and quantity of the water.”  DEQ monitors human health effects data bases and on-going 

work at the national level with the purpose of providing information for revised standards for 

consideration by the EMC.  The DWR has just obtained permission to establish a position to facilitate 

review of IMACs, as well as making recommendations to the EMC for new/revised groundwater quality 

standards.  

Additional Information on National Efforts and Other US States’ Criteria 
 

CHROMIUM 

National: As noted above, the US EPA is currently evaluating the toxicity of chromium VI with respect to 

carcinogenic and non-carcinogenic effects. US EPA is on Step 1 of a 7 step process to modify the current 

IRIS recommendation and expect that revised information will be available for public review in late 

2016.4 This effort began in early 2000, with a draft assessment released in 2010. Of major consideration 

for the IRIS review is a potential for reclassification of the chemical to include human carcinogenicity by 

the oral route of exposure (drinking water). Additional research into how hexavalent chromium causes 

cancer by the chemical industry had begun at approximately the same time as the US EPA IRIS review, 

subsequently, based on a recommendation by the US EPA’s Peer Review Panel and on extensive 

comment from the chemical industry, the US EPA withdrew its 2010 draft document until new research 

was completed and the additional data could be carefully considered. The chemical industry-sponsored 

research was transmitted to US EPA in 2013 and the US EPA is evaluating those results. EPA is also 

conducting additional pharmacokinetic modeling for ingestion of hexavalent chromium as part of the 

IRIS assessment. At present, a number of federal agencies, including the National Toxics Program (NTP) 

at National Institutes of Environmental Health Sciences (NIEHS) are aiding in this examination of current 

literature and running toxicity studies. As the outcome of this work could have a significant impact on 

public water supplies, remediation efforts and private drinking water regulations across the US, many 

states, like North Carolina, are awaiting the EPA’s final scientific peer-reviewed decisions to be issued 

before moving forward with modifications of a state’s regulations.  

California:  This NTP work resulted in modifications to California Drinking Water Standards as the NTP 

studies indicated that chromium VI causes cancer in laboratory animals following oral ingestion. 

California is the first state to establish public drinking water standards for hexavalent chromium. It was 

                                                           
4 https://cfpub.epa.gov/ncea/iris2/chemicalLanding.cfm?substance_nmbr=144  

https://cfpub.epa.gov/ncea/iris2/chemicalLanding.cfm?substance_nmbr=144
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established at 10 µg/L in July 2014 after a 10 year review process including a cost/benefit analysis of 

various potential concentrations.5  

New Jersey: New Jersey Department of Environmental Protection (NJ DEP) formed a workgroup in 2004 

to examine chromium and the potential for deriving applicable standards for soil and water. Throughout 

the period of 2004 to present, the NJ Chromium workgroup: followed the NTP studies published in 2008; 

published their own risk assessment utilizing the NTP data; and reviewed the US EPA draft IRIS support 

document for chromium (2010). At this time, the NJ DEP is awaiting US EPA’s reconsideration of the 

carcinogenicity of hexavalent chromium under the US EPA’s IRIS process before deciding how to 

proceed with the development of appropriate standards.6 

Recommendations: 
 

1. DHHS should include an improved risk communication plan in its Health Risk Evaluations (HREs). 

DHHS recommendations for public and private water well use should be uniformly based upon 

the federal MCLs established by the Safe Drinking Water Act.  

 

2. DWR should plan to adopt any new or revised public drinking water regulations when 

promulgated by EPA as a result of the UCMR3 monitoring data. 

 

3. DWR should proceed to evaluate and revise the vanadium IMAC on the basis of current 

published and peer-reviewed toxicity information.  

 

4. DWR will continue to stay in contact with key representatives at the IRIS Program (National 

Center for Environmental Assessment, US EPA Office of Research and Development) and await 

the US EPA Integrated Risk Information System (IRIS) evaluation of the toxicity of hexavalent 

chromium (Cr VI).  

 

5. DWR should continue with groundwater monitoring needed to establish scientifically defensible 

concentrations believed to be representative of naturally occurring or background conditions.   

 

 

 

 

                                                           
5 http://www.waterboards.ca.gov/drinking_water/certlic/drinkingwater/Chromium6.shtml  
6 http://www.state.nj.us/dep/dsr/chromium/  

http://www.waterboards.ca.gov/drinking_water/certlic/drinkingwater/Chromium6.shtml
http://www.state.nj.us/dep/dsr/chromium/


 

 

Addendum to Final Report on the Study of Standards and 
Health Screening Levels for Hexavalent Chromium and 
Vanadium 
Report from the N.C. Department of Environmental Quality to the N.C. 

Environmental Review Commission and the Joint Legislative Oversight Committee 

on Health and Human Services under S.L. 2015-286, Section 4.8A(b) 

Health Screening Levels are established by DHHS 
 

The Department of Health and Human Services (DHHS) submits this addendum to reflect the current 
status in order to fully satisfy the legislative purpose of this study pursuant to Section 4.8A of S.L. 2015-
286. 
  
Page four of the report reads: 
 

“DHHS issued ‘do not drink’ advisories to private well owners after test results indicated an 
exceedance of a DHHS health screening level.  The ‘do not drink’ recommendation from DHHS is 
based on the health screening level calculated by DHHS. DEQ recommends that DHHS include 
additional clarifying information in the issuance of HREs that explains that both bottled water, 
regulated by the US Food and Drug Administration (FDA) and water supplied by a public water 
supply regulated by the US EPA may potentially, and legally, contain up to 100 ug/L of 
hexavalent chromium, measured as total chromium. If this additional information is provided in 
the HRE, then an HRE measuring hexavalent chromium with a lab result that is higher than 0.07 
ug/L, but less than 100 ug/l, will allow for a more informed health risk conclusion by the private 
well owner.” 

 

On page eleven under “Recommendations” DEQ notes:  
 

“DHHS should include an improved risk communication plan in its Health Risk Evaluations (HREs). 

DHHS recommendations for public and private water well use should be uniformly based upon 

the federal MCLs established by the Safe Drinking Water Act.” 

 
Based on the above provisions, and acknowledging there are no agreed upon and established federal or 
national standards for vanadium and recognizing other states have not issued “do not drink” 
recommendations for Health Risk Evaluations for water that contains similar levels of hexavalent 
chromium, DHHS issued letters to well owners lifting the “do not drink” recommendations (see attached 
letter). This update impacts only well owners who have received health risk evaluations for private wells 
showing higher levels of hexavalent chromium and/or vanadium.  
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Chromium in Drinking Water: A Technical Information Primer 
 
Objective 
 
This technical information primer is intended to inform drinking water systems about chromium in 
drinking water and identifies resources and references that systems may find helpful in addressing 
chromium-related concerns. The following sections provide background and general information, as 
well as specific information regarding occurrence, health effects, regulatory aspects, analytical 
methods, and treatment technologies. Systems may choose to use select information from this 
document and the referenced materials to craft a utility-specific document. 
 
 
Background 
 
Chromium is a metallic element found in rocks, soils, plants, and animals. It is used in steel making, 
metal plating, leather tanning, corrosion inhibitors, paints, dyes, and wood preservatives. The most 
common forms of chromium in the environment are trivalent, hexavalent and the metal form. 
 
The USEPA regulates total chromium in drinking water and has set a Maximum Contaminant Level 
(MCL) of 0.1 mg/L. The World Health Organization (WHO) guideline is 0.05 mg/L for total chromium. 
Currently, there are no federal regulations for individual chromium species in drinking water. 
However, in December 2010, the USEPA Administrator, Ms. Lisa Jackson announced a series of 
actions that USEPA will take to address hexavalent chromium in drinking water including: 1) providing 
guidance to water systems in sampling and monitoring, 2) finalizing a risk assessment study, and 3) 
determining if a federal regulation needs to be set on hexavalent chromium in drinking water (USEPA 
2010). May 2, 2012 USEPA required all systems serving more than 10,000 people and a statistical 
sample of smaller systems to monitor for total chromium and hexavalent chromium. 
 
General Information 
 
What are the different terminologies used to refer to chromium? 
Total chromium refers to all chromium compounds present in water regardless of oxidation state. 
Trivalent chromium refers to compounds where chromium is present in +3 oxidation state.  
Hexavalent chromium refers to compounds where chromium is present in +6 oxidation state. 
 
Hexavalent chromium is commonly referred to as: chromium 6, chromium VI, chrome 6, Cr(VI), Cr+6, 
or hex chrome. Hexavalent chromium is also popularly known as the “Erin Brockovich chemical” after 
the famous case in Hinkley, CA in 1993, where hexavalent chromium contamination of groundwater 
resulting from industrial discharges led to the largest settlement in a direct action lawsuit in U.S. 
history. 
 
What are the different forms of chromium in the environment? 
The most common forms of chromium in the environment are trivalent, hexavalent, and the metal 
(zero valent) form. Trivalent chromium (as oxide) is the most stable form of chromium in solids, 
occurs naturally in many vegetables, fruits, meats, grains, and yeast, and is considered an essential 

http://water.epa.gov/lawsregs/rulesregs/sdwa/ucmr/ucmr3/
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nutrient. Hexavalent chromium and chromium in the metal form are generally produced by industrial 
processes.  
 
Hexavalent chromium also occurs naturally. Trivalent chromium can be oxidized to hexavalent 
chromium during water disinfection. Hexavalent chromium compounds are more water soluble than 
trivalent chromium compounds. 
 
What are the sources of hexavalent chromium in drinking water and where is it found? 
The major source of hexavalent chromium in drinking water is oxidation of naturally occurring 
chromium present in igneous geologic formations. There are locations where chromium compounds 
have been released to the environment via leakage, poor storage, or improper industrial disposal 
practices. Chromium compounds both trivalent and hexavalent chromium, are very persistent in 
water (USEPA 2011). 
 
Occurrence Information 
 
How abundant is chromium in the environment? 
Chromium is the 21st most abundant element in the Earth’s crust. Chromium is found naturally in 
rocks, plants, soil and volcanic dust, humans and animals. Hexavalent chromium is widely found in 
waters, including source waters for drinking water, at concentrations varying from sub- μg/L levels to 
more than 100 μg/L. 
 
Where in the United States does hexavalent chromium occur in water? 
Hexavalent chromium can naturally occur in waters throughout the United States and can also be 
found in areas with anthropogenic inputs. Several occurrence studies have been performed in the 
United States and worldwide on the occurrence of chromium in the past 50 years. In 1962, USGS 
performed a survey of contaminants in the treated drinking water of the 100 largest cities of the 
United States (Durfor 1962), which included total chromium ranging from non-detect to 35 μg/L. 
However, at that time, the occurrence data were limited by the analytical capabilities in detecting low 
levels of chromium. 
 
Since then multiple studies have been conducted on chromium occurrence in the environment, in the 
United States and other parts of the world. A Water Research Foundation (WaterRF) funded study 
(Frey 2004) investigated occurrence of chromium (both individual species and total) in 407 source 
waters of the U.S. The study found that total chromium occurs both in surface and groundwaters; 
however, hexavalent chromium was not found in surface waters to the same degree as in 
groundwaters. Total chromium in surface waters, with a few exceptions, was primarily composed of 
trivalent chromium. A significant fraction of groundwater results showed that the total chromium 
concentrations were composed exclusively of hexavalent chromium. 
 
The California Department of Public Health maintains a database of chromium monitoring results 
collected by California systems, which is updated regularly (CDPH 2013). This database shows that 
hexavalent chromium has been detected in 2,310 drinking water sources in California. 
 
In May 2012 USEPA finalized the third Unregulated Contaminant Monitoring Rule (UCMR3) which 
requires water systems serving greater than 10,000 persons and a subset of smaller systems to 

http://water.epa.gov/lawsregs/rulesregs/sdwa/ucmr/ucmr3/index.cfm
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monitor for hexavalent chromium and total chromium.  UCMR3 is expected to provide a more 
complete understanding of chromium occurrence nationally.  
 
What fraction of total chromium in my water can be in hexavalent form? 
Theoretically, up to 100% of total chromium can be present in hexavalent chromium form. However, 
the actual fraction of hexavalent chromium varies depending on the water type (ground water versus 
surface water, raw water versus treated drinking water, etc.), geographical location and the oxidation 
reduction potential of the water. 
 
In the WaterRF funded study (Frey 2004), hexavalent chromium was found primarily in groundwater, 
and to a lesser extent in surface water, even though total chromium was found in both source waters. 
A significant fraction of groundwater sources showed total chromium present exclusively as 
hexavalent chromium. 
 
What is the range of concentrations of chromium found in source waters? 
In the WaterRF funded study (Frey 2004), in a survey of 407 source waters, total chromium was found 
in both groundwater and surface waters. The range of concentrations of total chromium varied from 
non-detect (below the method detection level at the time of 0.2 μg/L) to 47.1 μg/L. The average and 
median concentrations were 2 μg/L and 0.8 μg/L, respectively.  
 
A second WaterRF funded study (Seidel et al 2012) evaluated water system compliance monitoring 
data collected between 1998 and 2005.  While method sensitivity changed over that time (reporting 
levels ranged from 0.02 – 100 µg/L) this data set included 162,823 sample results.  Eighty-four 
percent of the samples were non-detects, with over half (57%) of the non-detect values having a 
reporting level at 10 µg/L or higher (15% of the non-detect observations occurred when the reporting 
level was 5 µg/L).   
 
This study also looked specifically at data collected in California.  While the California data overlaps 
with the national total chromium dataset, it includes both source and finished water hexavalent 
chromium values.  It also tends to reflect data gathered with more sensitive methods than the 
national compliance data as a whole.  The WaterRF report is based on the California dataset as of 
November, 2011.  At that time, large numbers of samples did not contain total chromium or 
hexavalent chromium above reporting limits (83% and 41% respectively).  
 
The UCMR3 national monitoring program is ongoing (2013 – 2015) and will fill in the information gap 
around low-level chromium and hexavalent chromium occurrence.  While available data illustrates 
that only 5 – 8% of water systems are likely to have total chromium at levels of 10 µg/L or higher, it is 
not possible to predict with confidence how many water systems have chromium at levels at or 
below 5 µg/L. 
 
Health Effects Information 
 
How are people exposed to hexavalent chromium? 
Hexavalent chromium exposure can occur through people breathing it, ingesting it in food or water, 
or through direct contact with the skin. 
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Occupational exposure can occur when people work in industries that process or use chromium, 
chromium compounds, or chromium processes such as chromate containing pigments, spray paints, 
coatings, chrome plating baths, metal cutting or welding, etc. 
 
What are the health effects of trivalent and hexavalent chromium in drinking water? 
Chromium III is an essential nutrient in humans and is often added to vitamins in dietary supplement. 
It has relatively low toxicity and would be a concern in drinking water only at very high levels.  
 
Chromium VI is recognized as a human carcinogen via inhalation. Inhalation of hexavalent chromium 
compounds increases the risk of lung cancer. Exposure to hexavalent chromium from breathing dust 
or fumes is considered to have a much higher risk than exposure from drinking water (OEHHA, 2010). 
 
Research performed by the National Toxicology Program (NTP) has shown that the hexavalent 
chromium containing chemical sodium dichromate dihydrate causes cancer in laboratory animals 
following oral ingestion at high doses (NTP, 2008). Male and female rats had a significant increase of 
malignant tumors in their oral cavity. Studies in mice found increases in benign and malignant tumors 
in the small intestine, which increased with doses in both male and female mice. However, it is to be 
noted that the lowest doses of hexavalent chromium where carcinogenic effects were observed in 
these animal studies were orders of magnitude higher than humans could encounter in drinking 
water obtained from the most highly contaminated source waters identified in the United States 
(NTP, 2008). 
 
California Environmental Protection Agency’s Office of Environmental Health Hazard Assessment 
(OEHHA) analyzed data collected from China (Beaumont et al., 2008) that found increased rates of 
stomach cancer in people who were probably exposed to very high levels of hexavalent chromium in 
drinking water (OEHHA, 2010).  Research by Dr. Silvio De Flora (De Flora, 2009), which included ex-
vivo studies in both human and animal models indicated that hexavalent chromium genotoxicity and 
potential carcinogenicity tend to be attenuated or suppressed in the body. Dr. De Flora’s research 
demonstrated efficient detoxication by reduction of hexavalent chromium to trivalent chromium or 
“sequestration” by saliva, gastric juice, and intestinal bacteria. Such mechanisms would limit the 
toxicity of hexavalent chromium after oral ingestion. 
 
In September, 2010, USEPA released a draft human health assessment proposing to classify 
hexavalent chromium as likely to be carcinogenic via ingestion (USEPA 2010). USEPA was advised by a 
peer review panel in 2012 to consider the results from research funded through the American 
Chemistry Council.  The new research replicates the earlier NTP study at lower doses of hexavalent 
chromium and seeks to identify the underlying cause for carcinogenicity from oral exposure. The 
completion of the USEPA human health risk assessment and final determination of human 
carcinogenicity of hexavalent chromium via oral ingestion is still pending.     
 
In July, 2011 California finalized its Public Health Goal at 0.02 μg/L in drinking water. California found 
sufficient evidence that hexavalent chromium is carcinogenic by oral exposure, based on the NTP 
long-long term animal study. California also identified a health-protective level of 2 μg/L for non-
carcinogenic effects based on liver toxicity in rats (NTP, 2008). The California PHG is based solely on 
health effects and is set at a level determined to not pose any significant risk to health.   
 

http://www.oehha.ca.gov/water/phg/072911Cr6PHG.html
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What are the safe levels of hexavalent chromium in drinking water? 
The standard (MCL) for total chromium was set in 1992 and is based on allergic dermatitis (skin 
reactions).  The MCL was based on the protective level indicated by the science at the time. The 
current federal maximum contaminant level for total chromium is 0.1 mg/L.  
 
EPA is now reviewing data from a 2008 National Toxicology Program long-term animal study and 
other available research, which suggests that hexavalent chromium may be a human carcinogen if 
ingested.  When the review is complete, EPA will consider this and other information to determine 
whether the drinking water standard for total chromium is sufficiently protective or whether it needs 
to be updated.   
 
Regulatory Information 
 
What is the current drinking water regulatory standard for chromium? 
The current federal maximum contaminant level (MCL) for total chromium is 0.1 mg/L. The current 
California MCL for total chromium is set at 0.05 mg/L. There are currently no federal standards for 
hexavalent chromium – it is covered under the total chromium MCL. 
 
If routine monitoring indicates that total chromium levels are above the MCL, water systems must 
take steps to reduce the total chromium below that level. Also, water systems must notify their 
customers as soon as practical, but no later than 30 days after the system learns of a violation (USEPA 
2011). 
 
Is the USEPA considering new regulations for chromium? 
The USEPA is currently reviewing the health effects of hexavalent chromium following the release of a 
long-term animal toxicity study by the National Toxicology Program in 2008. In September 2010, EPA 
released a draft of its assessment for public comment and external peer review (USEPA 2010). When 
this human health assessment is complete EPA will carefully review the conclusions and consider all 
relevant information to determine if a new standard needs to be set. 
 
While USEPA is preparing its assessment of the health risk posed by hexavalent chromium, the 
Agency has directed water systems to collect data on hexavalent and total chromium occurrence in 
finished water and water in the distribution system.  Data collection through the third Unregulated 
Contaminant Monitoring Rule began in January 2013 and will continue through 2015. 
 
What is the difference between the Federal Maximum Contaminant Level Goal (MCLG) and 
California Public Health Goal (PHG) for chromium? 
Under the Safe Drinking Water Act the MCLG is defined to be a non-enforceable concentration of a 
drinking water contaminant, set at the level at which no known or anticipated adverse effects on 
human health occur and which allows an adequate safety margin. The enforceable standard, 
maximum contaminant levels (MCLs), are set as close to MCLGs as feasible using available treatment 
technology and taking cost into consideration. The current MCLG and MCL for total chromium in 
water are both set to 0.1 mg/L.   
 
Public Health Goals (PHGs) are set in California by the California Office of Environmental Health 
Hazard Assessment (OEHHA) which is part of the California Environmental Protection Agency (CADPH 

http://water.epa.gov/lawsregs/rulesregs/sdwa/ucmr/ucmr3/index.cfm
http://water.epa.gov/lawsregs/rulesregs/sdwa/ucmr/ucmr3/index.cfm
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2011). Similar to MCLGs, the PHGs are non-enforceable and are not required to be met by any public 
water system. They are set as goals based solely on public health risk considerations and they include 
a margin of safety. 
 
MCLGs and PHGs are different in how levels for carcinogens are set. The federal MCLGs for 
carcinogens are set at zero, because the USEPA concluded that as a matter of policy it would not 
establish an ideal goal that involved a hypothetical risk. Conversely, PHGs are set at a level considered 
to pose no significant risk of cancer. 
 
The PHG for hexavalent chromium in California is 0.02 μg/L, which is the estimated “one in a million” 
lifetime cancer risk level. This means that for every million people who drink two liters of water with 
that level of hexavalent chromium daily for 70 years, no more than one person would be expected to 
develop cancer from exposure to hexavalent chromium. 
 
Analytical Methods Information 
 
What analytical methods can be used for the measurement of chromium? 
Total chromium concentrations of 0.2 ug/L can be reliably reported by the Inductively Coupled 
Plasma Mass Spectroscopy methods (EPA 200.8 Rev 5.4; USEPA 1994, Standard Methods 3125 (1997), 

ASTM D5673-10) when samples are digested before analysis.  Graphite Furnace Atomic Absorbance 
can reach comparable quantification levels (e.g., Standard Method 3113(1999), EPA 200.9 Rev 2.2; 
USEPA 1994). In the third Unregulated Contaminant Monitoring Rule USEPA requires use of ICP/MS 
methods with digestion.  
 
Hexavalent chromium can be measured at levels as low as 0.02 ug/L by ion chromatography using a 
modified version of EPA Method 218.6 or EPA Method 218.7, which was developed to support 
monitoring under the UCMR3 (EPA, 2011).  
 
There are other research methods available for measuring hexavalent or total chromium at low 
levels, but they are not currently approved for compliance monitoring (Wolf 2007; McNeill 2012). 
 
What levels of chromium can I detect using currently available analytical methods? 
Total chromium concentrations of 0.2 μg/L can be reliably reported by USEPA Method 200.8, or 
Standard Methods 3125 and EPA Method 200.9 respectively (USEPA 1994 and Standard Methods 
1997). The UCMR3 requires acid digestion to minimize interferences that can arise due to carbon 
(e.g., alkalinity) in the water when measured by ICP/MS.  
 
Hexavalent chromium can be measured at 0.02 μg/L using Method 218.7 (USEPA 2011) or modified 
Method 218.6. 
 
How should I collect and preserve the sample prior to analysis of total and hexavalent chromium? 
Typically, samples are preserved in acid for the analysis of total metals in water. In the presence of 
particulates rigorous digestion is required to dissolve particles.  Total chromium samples processed 
under the third Unregulated Contaminants Monitoring Rule must be preserved at a pH less than 2 
using nitric acid and acid digested prior to analysis. 
 

https://www.nemi.gov/apex/f?p=237:38:134638243014364::::P38_METHOD_ID:4665
https://www.nemi.gov/apex/f?p=237:38:134638243014364::::P38_METHOD_ID:4665
http://www.standardmethods.org/store/ProductView.cfm?ProductID=211
http://www.astm.org/Standards/D5673.htm
http://www.standardmethods.org/store/ProductView.cfm?ProductID=208
https://www.nemi.gov/apex/f?p=237:38:522760794960100::::P38_METHOD_ID:4797
http://water.epa.gov/scitech/drinkingwater/labcert/upload/EPA_Method_218-7.pdf
http://water.epa.gov/scitech/drinkingwater/labcert/upload/EPA_Method_218-7.pdf
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USEPA Method 218.7 for the analysis of hexavalent chromium calls for adjustment of the pH of the 
sample to greater than eight using ammonium sulfate/ ammonium hydroxide buffer or sodium 
carbonate/ammonium sulfate buffer.  Using this method, USEPA allows for a maximum hold time of 
14 days. 
 
Treatment Technologies Information 
 
Will conventional treatment remove chromium from water? 
A treatment profile survey presented in a WaterRF report (Frey 2004) showed that conventional 
treatment (coagulation + filtration) was able to remove trivalent chromium from water, but it did not 
remove hexavalent chromium. Removal of total chromium varied between 40% and 100% in the 
conventional surface water treatment systems that were profiled. 
 
Removal of hexavalent chromium by conventional treatment (coagulation or lime softening followed 
by filtration) was investigated in bench-scale tests in a WaterRF study (Brandhuber 2004). The study 
observed that hexavalent chromium was not removed by alum or ferric coagulation or by lime 
softening. This can be attributed to high solubility of chromate and dichromate ions. 
 
What treatment methods can be used for removing hexavalent chromium from drinking water? 
Hexavalent chromium in water can be treated in one of two ways: 1) direct removal of hexavalent 
chromium, or 2) reduction of hexavalent chromium to the trivalent form, followed by removal of 
trivalent chromium. Two technologies have been tested and found to be successful at the 
demonstration-scale (Blute (2010), Blute and Wu, (2012)) and pilot-scale (McGuire et al. (2006), 
McGuire et al. (2007), Qin et al. (2005)) in Glendale, Calif., including reduction coagulation filtration 
(RCF) and single use weak base anion exchange (WBA). Strong base anion exchange (SBA) has been 
tested at the pilot-scale (McGuire et al., 2006). All three technologies can achieve Cr(VI) 
concentrations less than 1 ppb. Targeting total Cr removal with the WBA process to less than 1 ppb is 
very costly compared with operating to achieve Cr(VI) removal, but can be achieved.  RCF with 
microfiltration rather than granular media filtration was necessary to target total chromium 
concentrations of less than 1 ppb in demonstration testing. The evaluation of removals to lower 
levels has continued and is still underway in Glendale. Information collected through the Glendale 
studies has been sufficiently detailed to support development of basic cost models for RCF and WBA 
(Najm, 2013) and analyze management options for residual streams from these treatment 
technologies (Blute and Wu, 2012).  
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Prior to the pilot- and demonstration-scale testing at Glendale, Calif., in 2004, a WaterRF study 
(Brandhuber et al, 2004) investigated a wide range of available treatment technologies through 
bench-scale experiments.  
Figure 1: Treatment Technologies Tested for Chromium Removal from Drinking Water at the Bench-
Scale (Brandhuber et al, 2004) In addition to the weal and strong base anion exchange (WBA and SBA) 
and RCF technologies that have been tested at demonstration scale, the bench-scale work indicated 
that high-pressure membranes (reverse osmosis and nanofiltration) and  reduction / precipitation / 
adsorption via sulfur modified iron media may hold promise for Cr(VI) and Cr(III) removal. Neither 
have been tested specifically for Cr(VI) removal on a large scale.    
 
How is hexavalent chromium reduced to the trivalent form for removal through conventional 
treatment? 
A WaterRF study (Brandhuber 2004) evaluated ferrous salts as well as stannous chloride for the 
reduction of hexavalent chromium to its trivalent form. Both salts were able to achieve rapid and 
complete reduction of hexavalent chromium. Reduction of hexavalent chromium by sulfide and 
sulfite was rapid but complete reduction was not achieved. The reduction of hexavalent chromium to 
the trivalent form was also favored at a lower (acidic to near neutral) pH compared to alkaline pH 
conditions. Removal of Cr(III) rather than reduction must also be considered when removing Cr(VI) 
from drinking water, since Cr(III) can be reoxidized to Cr(VI) during treatment and in the distribution 
system (see below). 
 
Does trivalent chromium convert to hexavalent chromium in drinking water distribution systems? 
If an oxidant like the disinfectants used in drinking water treatment and distribution is present, 
trivalent chromium may be oxidized to the hexavalent form, partially or completely. A WaterRF study 
(Brandhuber et al, 2004) evaluated the effects of free chlorine, chloramines, potassium 
permanganate and hydrogen peroxide in the oxidation of trivalent chromium to the hexavalent 
species. Free chlorine could oxidize 50 – 65% of trivalent to hexavalent chromium at neutral or low 
pH conditions. However, the presence of other ions and natural organic matter may lessen the re-
oxidation of Cr(III) by chlorine (Clifford and Chau, 1987). The Water Research Foundation is currently 
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funding research to explore the fate of trivalent as well as hexavalent chromium through treatment 
and the distribution system.  A detailed discussion of the chemistry of chromium in drinking water 
treatment is available through the Water Research Foundation (McNeil, 2012). 
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1. Introduction 
 
 
This document was prepared to supplement previous work completed by Duke Energy to meet the 
requirements of the North Carolina Coal Ash Management Act of 2014 (CAMA, 2014) for its coal-fueled 
generating stations.  Duke Energy owns and operates, or has operated 14 coal-fueled electric generating 
facilities in the state of North Carolina.  Figure 1 shows the locations of the Duke coal-fueled fleet in 
North Carolina.   
 
1.1 CURRENT CAMA STATUS 
 
The CAMA is primarily administered by the North Carolina Department of Environmental Quality 
(NCDEQ).  The CAMA requires the NCDEQ to, as soon as practicable, but no later than January 31, 2016, 
prioritize for the purpose of closure and remediation coal combustion residuals (CCR) surface 
impoundments, including active and retired sites, based on these sites' risks to public health, safety, and 
welfare, the environment, and natural resources.  
 
On 31 January 2016, NCDEQ released draft proposed risk classifications for Duke Energy’s coal ash 
impoundments in North Carolina in the document “Coal Combustion Residual Impoundment Risk 
Classifications, January 2016” (NCDEQ, 2016).  Four of the facilities were ranked High risk, per the 
CAMA.  Four facilities (or portions thereof) were ranked Intermediate risk based on the position of ash 
impoundments in the 100-year flood level (see below for the exception to this basis).  Six facilities (or 
portions thereof) were ranked Low to Intermediate risk, and three facilities (or portions thereof) were 
ranked Low risk.   
 
The Low to Intermediate risk classification is not specified in the CAMA; for those facilities with this 
“interim” classification, a final Low risk or Intermediate risk classification will need to be made at the 
end of the public review process.  The following facilities have draft NCDEQ Low to Intermediate 
classifications: 

 Allen Steam Station (Allen) 

 Belews Creek Steam Station (Belews Creek) 

 Buck Steam Station (Buck) 

 Cliffside Steam Station (Cliffside) – [one ash basin; two ash basins are classified as Low risk] 

 Marshall Steam Station (Marshall) 

 Roxboro Steam Electric Plant (Roxboro) – [one ash basin; another ash basin is classified as Low 
risk, and one former impoundment area is classified as Intermediate risk as it was identified 
after the site investigation was completed] 

 
The primary basis for the Low to Intermediate risk classification was stated by NCDEQ as the current 
“uncertainty related to site conditions that may relate to potential impacts to up-gradient and side-
gradient well users.”  The most cited information needs in the document included incomplete 
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background concentration determination, and incomplete capture zone modeling for the water supply 
wells in the vicinity of each facility. 
 
In addition to the six facilities listed above, this report also includes an evaluation of: 

• Mayo Steam Electric Plant (Mayo)  
 
Mayo is classified as Low risk; by including it in this report, all Low to Intermediate risk and all Low risk 
ash basins are evaluated using the approach identified below. 
 
1.2 APPROACH TO EVALUATION OF WATER SUPPLY WELLS 
 
There is not a single metric that can be used to identify if a well has been impacted by a release from a 
coal ash management unit.  This is due in large part to the fact that all of the constituents that are 
present in coal ash and that could be released to groundwater are naturally occurring.  The challenge is 
to understand these background conditions, and in that context evaluate whether there has been an 
impact from a release of constituents from coal ash.   
 
Based on our understanding of the behavior of constituents that can be released from coal ash into 
groundwater, the U.S. Environmental Protection Agency (USEPA) has identified those constituents that 
are considered together to be indicators of a potential release from coal ash; these are identified as the 
Appendix III constituents in the Hazardous and Solid Waste Management System; Disposal of Coal 
Combustion Residuals from Electric Utilities (CCR Rule; USEPA, 2015a).  Of these, boron and sulfate are 
the most common constituents used to evaluate the potential for an impact in groundwater.  These 
constituents move with groundwater flow unlike other constituents whose movement is impeded by 
chemical or physical interactions with soil and weathered rock. 
 
Constituent concentrations alone are not sufficient to identify whether impact has occurred.  There 
must also be a transport pathway from the coal ash management unit of interest to the specific well or 
wells of interest.  For an exposure pathway to be complete, the following conditions must exist (as 
defined by USEPA (1989)): 

1) A source and mechanism of chemical release to the environment; 

2) An environmental transport medium (e.g., water); 

3) A point of potential contact with the receiving medium by a receptor; and 

4) A receptor exposure route at the contact point (e.g., ingestion). 
 
Thus, to understand if a particular well or wells have been impacted by a release from a coal ash 
management unit, the following are needed: 

 An evaluation  of the magnitude of concentrations of the constituents in the well; 

 An evaluation of those detected constituents in relation to background concentrations in 
groundwater; 
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 Consideration of the information available on the potential for there to be a complete transport 
pathway between a coal ash management unit and a well; and  

 An evaluation of the potential correlation between the co-presence and concentration of 
constituents considered to be indicators of a release from a coal ash management unit. 

The purpose of this document is to provide the NCDEQ with additional information needed to develop a 
final risk classification for the Duke Energy ash basins under the CAMA requirements.  A technical weight 
of evidence approach has been used to evaluate the available data for these facilities to determine 
whether or not the local water supply wells sampled by NCDEQ in the vicinity of these facilities may be 
impacted by a release from an ash basin or coal ash management area.  This report provides technical 
evaluations for each of the seven facilities in four important assessment areas:  

1) An evaluation of the data collected by NCDEQ for local private and public water supply wells, 
and “reconnaissance” or background water supply wells, with respect to groundwater standards 
and screening levels, and evaluation of background water supply well data collected by Duke 
Energy with respect to the same screening levels;  

2) Additional statistical analysis of regional background groundwater data (NCDEQ and Duke 
Energy data), and facility-specific background groundwater data;  

3) A more comprehensive evaluation of groundwater flow with respect to local water supply wells, 
including a water supply well capture zone analysis (where appropriate); and  

4) A detailed comparison of facility-specific coal ash groundwater chemistry, background 
groundwater chemistry (both regional and facility-specific), and local water supply well 
chemistry. 

1.3 REPORT ORGANIZATION 
 
This report provides an overview of the four-part evaluation process used for each of the seven (7) 
facilities.  This report is divided into eight sections: 
 

• Section 2 describes the sources of data used in the evaluation. 

• Section 3 describes the methods used to conduct the standards-based and risk-based screening 
of the water supply well data. 

• Section 4 provides the methods used to conduct the statistical evaluation of the background 
groundwater data and the development of the background threshold values. 

• Section 5 provides an overview of the groundwater flow evaluation. 

• Section 6 describes the methods used to conduct the groundwater chemistry analysis. 

• Section 7 summarizes the results for the facilities evaluated. 

• Section 8 provides the references used. 
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The appendices provide the details of the evaluation for each of the facilities:  

A. Allen 

B. Belews Creek 

C. Buck 

D. Cliffside 

E. Marshall 

F. Mayo 

G. Roxboro 
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2. Sources of Data 
 
 
Data used in this analysis include: 

1) Local water supply well data collected by NCDEQ in the vicinity of the seven Duke Energy 
facilities. 

2) “Reconnaissance” or background water supply well data collected by NCDEQ in the environs of 
the Duke Energy Allen, Buck, and Marshall facilities. 

3) Background water supply well data collected by Duke Energy in the environs, within 2 to 10 
miles, of each of the seven facilities. 

4) On-site monitoring well data collected by Duke Energy and their site investigation lead 
contractors, HDR, Inc. (HDR), and Synterra Corporation (Synterra).  

 
Each of these is discussed below. 
 
2.1 NCDEQ WATER SUPPLY WELL DATA 
 
The CAMA (2014) requires that “all drinking water supply well within one-half mile down-gradient from 
the established compliance boundary of the impoundment” be identified (§130A-309.209. (c)).  At the 
request of NCDEQ, a receptor survey was conducted by Duke Energy at each facility for the purpose of 
identifying drinking water wells within a 0.5-mile (2,640-foot) radius of each facility’s ash basin(s) 
compliance boundary.  Using this information, NCDEQ offered to sample water supply wells within a 
1,000 foot radius, and subsequently within a 1,500 radius of the ash basin(s)’ compliance boundary, 
referred to here as the “local” area.  Table 1 provides a summary by facility of the number of wells 
sampled by NCDEQ and the number of sample results. (See Section 2.6 below for how the data were 
summarized for this analysis.)  
 
The NCDEQ provides a “Water Well Testing Information” webpage here:  http://deq.nc.gov/news/hot-
topics/coal-ash-nc/well-water-testing-information 
 
The NCDEQ publicly available local water supply well data are posted here:  
https://ncdenr.s3.amazonaws.com/s3fs-public/document-
library/Full%20Well%20Water%20Testing%20Results%20For%20Posting%208.20.pdf   
 
NCDEQ provided Duke Energy with an Excel version of the most recent data, dated 2016-03-08.  These 
data were used in this analysis.  The local water supply well data were evaluated by facility in each of the 
appendices to this report. 
 
2.2 NCDEQ RECONNAISSANCE OR BACKGROUND WATER SUPPLY WELL DATA 
 
In what it describes as a reconnaissance study, NCDEQ collected 24 water samples from 24 water supply 
well locations in the vicinity of three of the Duke Energy facilities:  Allen (seven [7] locations), Buck 
(seven [7] locations), and Marshall (ten [10] locations), as shown on Table 1. 

http://deq.nc.gov/news/hot-topics/coal-ash-nc/well-water-testing-information
http://deq.nc.gov/news/hot-topics/coal-ash-nc/well-water-testing-information
https://ncdenr.s3.amazonaws.com/s3fs-public/document-library/Full%20Well%20Water%20Testing%20Results%20For%20Posting%208.20.pdf
https://ncdenr.s3.amazonaws.com/s3fs-public/document-library/Full%20Well%20Water%20Testing%20Results%20For%20Posting%208.20.pdf


 Evaluation of Water Supply Wells 
in the Vicinity of Duke Energy Coal Ash Basins 

_____________________________________________________________________________________ 
 

APRIL 2016 6 

NCDEQ provides the following description:  “The study provides a limited evaluation of the distribution 
of metals and other parameters that may be naturally occurring in the groundwater, and provides data 
for staff to develop a better understanding of background concentrations of metals and other 
parameters in areas that are not hydraulically connected to groundwater beneath Duke Energy’s coal-
fired power plant facilities.” 
 
The NCDEQ background water supply well data are publicly available at:  http://deq.nc.gov/news/hot-
topics/coal-ash-nc/coal-ash-news (note, as of this writing, some of the links are not functional).  
In October 2015, NCDEQ provided Duke Energy with Excel versions of 16 of the 24 analytical results 
posted on the website.  The Excel versions were used in this evaluation and supplemented with the 
missing results that are available in PDF on the website. 
 
2.3 DUKE ENERGY BACKGROUND WATER SUPPLY WELL DATA 
 
Duke Energy developed a background water supply well dataset by offering to sample private drinking 
water wells for facility employees, contractors, and others associated with Duke Energy, if their well was 
located generally between 2 miles and 10 miles of each facility. 
 
Table 1 shows the number of background water supply wells/samples from those wells. 
 
2.4 PER-FACILITY MONITORING WELL DATA 
 
Monitoring well data are available for each of the seven facilities included in this analysis.  The data 
include samples from ash porewater wells, and groundwater monitoring wells screened at various 
depths in upgradient (background), downgradient, and lateral or side gradient locations.  The specifics of 
each dataset are provided in the Appendices. 
 
The background monitoring well data are referred to as the “facility-specific background monitoring well 
data” or “facility-specific background data.” 
 
2.5 REGIONAL BACKGROUND WATER SUPPLY WELL DATA 
 
The background water supply well data collected by NCDEQ and Duke Energy are referred to for each 
facility as “regional background water supply well data” or “regional background data” to distinguish 
these data from the “facility-specific background monitoring well data.” 
 
After statistical evaluation, as described in Section 4 and in each of the appendices, confirmed that it 
was appropriate, the NCDEQ background water supply well data and the Duke Energy background water 
supply well data were combined into one dataset each for Allen, Buck, and Marshall, as indicated on 
Table 1. 
 
2.6 DATA MANAGEMENT 
 
The data for this analysis were managed in an EQuIS database.  Where there were multiple results for a 
single well in the NCDEQ-sampled local water supply well dataset, a representative value was identified 

http://deq.nc.gov/news/hot-topics/coal-ash-nc/coal-ash-news
http://deq.nc.gov/news/hot-topics/coal-ash-nc/coal-ash-news
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to be used in the evaluation, which is defined as the maximum of the detected values if the analytical 
results are detected values.  If the analytical results are all not detected, the lowest reporting limit is 
defined as the representative value.  
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3. Water Supply Well Evaluation 
 
 
Analytical data for the local and regional background water supply wells for each of the facilities were 
compared to screening levels and standards, as described below. 
 
3.1 SCREENING LEVELS 
 
The screening levels used in this evaluation are provided on Table 2.  They are from both State and 
Federal (USEPA) sources, as follows: 

 2L Standards:  NCAC.  2013.  15A NCAC 02L.0202.  Groundwater Standard (2L), Classifications 
and Water Quality Standards Applicable to Groundwaters of North Carolina.  North Carolina 
Administrative Code.  April 1, 2013.  These values include Interim Maximum Allowable 
Concentrations (IMAC).  Available at:  
http://portal.ncdenr.org/c/document_library/get_file?uuid=1aa3fa13-2c0f-45b7-ae96-
5427fb1d25b4&groupId=38364 

 Federal Drinking Water Standards:  Maximum Contaminant Levels (MCLs) and Secondary 
Maximum Contaminant Levels (SMCLs).  USEPA.  2012.  2012 Edition of the Drinking Water 
Standards and Health Advisories.  Spring 2012.  Available at:  
http://water.epa.gov/drink/contaminants/index.cfm.  Note that the MCLs are enforceable 
standards for public drinking water supplies, and that the SMCLs are not enforceable standards. 

 NCDHHS Screening Levels:  NCDHHS.  2015.  DHHS Screening Levels.  Division of Public Health, 
Epidemiology Section, Occupational and Environmental Epidemiology Branch.  North Carolina 
Department of Health and Human Services.  April 24, 2015.  Available at:  
http://portal.ncdenr.org/c/document_library/get_file?p_l_id=1169848&folderId=24814087&na
me=DLFE-112704.PDF.  Note that these screening levels have been developed for water supply 
well sampling near coal ash facilities, and do not apply to other areas of the state, or to drinking 
water supplies. 

 USEPA Risk-Based Screening Levels (RSLs):  USEPA.  2015b. USEPA Risk-Based Screening 
Levels.  November 2015.  Available at:  http://www2.epa.gov/risk/risk-based-screening-table-
generic-tables.  The RSLs are purely risk-based levels, derived using standard default exposure 
parameters that do not take into consideration treatment technologies or regulatory issues.   

 
3.2 SCREENING LEVELS FOR VANADIUM AND HEXAVALENT CHROMIUM 
 
The analysis provided in this report and its appendices uses the currently available IMAC for vanadium 
(0.3 micrograms per liter [μg/L]) and NCDHHS screening level for hexavalent chromium (0.07 μg/L).  
These are the values used by the NCDHHS to issue “Do Not Drink” letters to the majority of water supply 
well owners, both local to each facility and regionally for those background water supply wells sampled 
by NCDEQ.  However, NCDEQ announced that it has changed those values and has rescinded many of 
the “Do Not Drink” letters sent to residents due to the change.  Because the updated values have not 
been published, they have not been incorporated into the analysis in this report.  However, to account 
for the change, the discussion of the results for each facility does not focus on these two constituents. 

http://portal.ncdenr.org/c/document_library/get_file?uuid=1aa3fa13-2c0f-45b7-ae96-5427fb1d25b4&groupId=38364
http://portal.ncdenr.org/c/document_library/get_file?uuid=1aa3fa13-2c0f-45b7-ae96-5427fb1d25b4&groupId=38364
http://water.epa.gov/drink/contaminants/index.cfm
http://water.epa.gov/drink/contaminants/index.cfm
http://portal.ncdenr.org/c/document_library/get_file?p_l_id=1169848&folderId=24814087&name=DLFE-112704.pdf
http://portal.ncdenr.org/c/document_library/get_file?p_l_id=1169848&folderId=24814087&name=DLFE-112704.pdf
http://www2.epa.gov/risk/risk-based-screening-table-generic-tables
http://www2.epa.gov/risk/risk-based-screening-table-generic-tables
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3.3 SCREENING METHODOLOGY 
 
The analytical results for each well for all three water supply well data sets described in Section 2 are 
compared to each of these four types of screening levels.   
 
SOURCES OF DATA SCREENING LEVELS 

1) NCDEQ Water Supply Well Data 1) 2L Standards (including IMACs) 

2) NCDEQ Reconnaissance or Background Well 
Data 

2) Federal Drinking Water Standards 

3) Duke Energy Background Water Supply Well 
Data 

3) DHHS Screening Levels 

 4) USEPA Risk-Based Screening Levels (RSLs) 

 
The screening comparisons are presented by facility in each of the appendices to this report.  Each of 
the screening tables provides the analytical data by well location and by constituent.  Each row presents 
the analytical data from one well sample.  The constituents have been organized in columns left to right 
based on the constituents required for groundwater monitoring under the federal CCR Rule (USEPA, 
2015a) (see Section 3.4, below).  Thus, Appendix III (Detection Monitoring) constituents are listed first, 
followed by Appendix IV (Assessment Monitoring) constituents, followed by all others.  In the “All 
Others” category, vanadium has been listed first – the remaining constituents are presented by 
alphabetical order.   
 
The four sets of screening levels are listed at the top of each table in the appendices.  There are four 
screening tables for each set of water supply well data for each facility; each of the tables provides the 
results of screening using one set of screening levels.  For example: 

 The first table presents the results of the comparison to 2L groundwater standards/IMAC;  

 The second table presents the results of the comparison to federal MCLs/SMCLs; 

 The third table presents the results of the comparison to NCDHHS screening levels; and  

 The fourth and last table presents the results of the comparison to USEPA RSLs.   
 
Yellow highlighting is used to indicate results that are above the applicable screening level; gray 
highlighting is used to indicate that the detection limit for a non-detect result is above the applicable 
screening level.   
 
3.4 CCR RULE CONSTITUENTS 
 
The constituents identified for Detection Monitoring and Assessment Monitoring under the CCR Rule 
were identified by USEPA as part of the six-year long rule-making process that culminated in the 2015 
Final Rule (USEPA, 2015a).   
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The constituents included on the NCDEQ private well sampling analyte list that are also identified for 
detection monitoring in the CCR Rule are:  boron, calcium, chloride, pH, sulfate, and total dissolved 
solids (TDS).  These are constituents that are considered to be indicators of potential releases from a 
coal ash management unit.  The presence of these constituents in groundwater is not enough to 
conclude that there has been a release from a coal ash management unit; it is the magnitude of the 
concentrations, the potential correlations between the constituent concentrations, and importantly the 
information on the hydrogeology of an area that are used to make such a determination. 
 
The constituents identified by USEPA in Appendix IV for Assessment Monitoring are those that USEPA 
has identified as constituents most likely to be present in groundwater at levels that may present a risk 
to human health or the environment if there has been a release from a coal ash management unit.  The 
Appendix IV constituents included in the NCDEQ private well sampling are: 
 

Antimony Cadmium Mercury 
Arsenic Chromium Molybdenum 
Barium Cobalt Selenium 
Beryllium Lead Thallium 

 
The Appendix IV constituents were identified by USEPA using a very conservative national risk 
assessment evaluating potential impacts of ash management units on groundwater (USEPA, 2015c).  
This is not to say that all of these constituents would be present at concentrations above screening 
levels in all locations if there has been a release from an ash management unit – only that there is the 
potential for release of these constituents that could result in concentrations in groundwater above 
screening levels.  This potential is the basis for the development of the Appendix IV list.  The USEPA risk 
assessment considered many other constituents, as shown in the table from the Executive Summary of 
the risk assessment: 
 

 
 
Most notably, vanadium was evaluated quantitatively but was not included in Appendix IV based on the 
national risk assessment results.  
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4. STATISTICAL EVALUATION OF BACKGROUND 
 
 
It is important to note that all of these constituents are naturally present in our environment, as shown 
by work conducted by the U.S. Geological Survey (USGS, 2014), and they are also naturally occurring in 
groundwater (USGS, 2011).   
 
Applicable statistical analysis method(s) were chosen to perform background statistical evaluations of 
selected constituents for each facility.  The ultimate purpose of the statistical evaluations conducted for 
each facility in each appendix to this report is to develop a Background Threshold Value (BTV) for a 
subset of constituents for each facility.  The subset of constituents was defined first by whether “Do Not 
Drink” letters were issued for those constituents, and second by the needs of the groundwater 
chemistry evaluation, which is the fourth component of this evaluation.  
 
This statistical plan refers to the USEPA “Unified Guide” (USEPA, 2009) for additional details of the 
methods that have been chosen for estimating BTVs.  An overview of the process is provided here.  The 
BTV value for each dataset is estimated for selected constituents at each facility by using a stepwise 
approach outlined below.  

1) Initial evaluation of background input data sources.  

2) Raw data evaluation by descriptive statistics, histograms, outlier tests, and trend tests. 

3) Testing of statistical assumptions of the input data by checking for independent, identically 
distributed (IID) measurements and goodness-of-fit (GOF) distribution tests. 

4) Selection of an appropriate parametric or non-parametric analysis method to estimate 
constituents BTVs. 

5) Summarizing the statistical analysis results and drawing conclusions. 
 
4.1 BACKGROUND DATASETS 
 
Two or three background groundwater datasets are available for each facility.   

 As described in Section 2.2, NCDEQ collected 24 water samples from 24 regional background 
water supply well locations in the vicinity of three of the Duke Energy facilities:  Allen (seven [7] 
locations), Buck (seven [7] locations), and Marshall (ten [10] locations). 

 As described in Section 2.3, Duke Energy developed a regional background water supply well 
data set for each of its facilities by offering to sample private drinking water wells for facility 
employees, contractors, and others associated with Duke Energy, if their well was located 
generally between 2 miles and 10 miles of each facility. 

 As described in Section 2.4, monitoring well data for upgradient/background locations are 
available for each of the seven facilities included in this analysis.   
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4.2 INITIAL STATISTICAL EVALUATION 
 
For three facilities, two regional background water supply well datasets are available (Allen, Buck, and 
Marshall).  For all of the facilities, there are multiple sets of data for the facility specific monitoring wells 
are available.  Before combining data within each of these groups, an initial statistical evaluation was 
performed to check the homogeneity of variance assumption for the multiple groups of wells using 
Levin’s test.  The test examines if the differences in sample variances occurred because of random 
sampling.  This evaluation is conducted to identify any significant variations between the groups to 
determine the need for excluding the data.  

Note that the original focus of the background evaluation was on vanadium and hexavalent chromium, 
as these were the two constituents for which the majority of the “Do Not Drink” letters were issued.  
This statistical analysis was begun prior to the lifting of the “Do Not Drink” letters, however, the use of 
these two constituents for the purpose of determining whether the datasets can be combined is 
appropriate.  Data sources were tested for statistical variations as described in the following sections. 
 
4.2.1 Regional Water Supply Well Data  
 
The regional background groundwater data for Allen, Buck, and Marshall regional wells include the data 
provided by both NCDEQ and Duke Energy.  The background groundwater data for remaining facilities’ 
regional background water supply wells included only the data provided by Duke Energy.  The data 
provided by NCDEQ and Duke Energy were collected in similar environs of the Allen, Buck, and Marshall 
facilities.  However, before combining the two data sources, the NCDEQ and Duke Energy data were 
tested for homogeneity of variance assumption using Levine’s test.  If the variances are concluded to be 
homogenous by Levine’s test then the two datasets were combined.  If not, the NCDEQ dataset would 
be omitted from further analysis (because the NCDEQ regional background water supply well dataset is 
smaller than the corresponding Duke Energy dataset); however this was not the case. 
 
4.2.2 Facility Monitoring Well Data  
 
The background groundwater data for each facility consists of data from facility-specific background 
monitoring wells screened in different subsurface groundwater formations.  Before combining the 
facility-specific background monitoring wells into one dataset as one group, the test for homogeneity of 
variance assumption was tested using Levine’s test.  If the variances are concluded to be homogenous 
by Levine’s test then the datasets were combined.  If not, the datasets were omitted from further 
analysis. 
 
4.3 RAW DATA EVALUATION 
 
The next step is to compute and tabulate the descriptive statistics for each facility dataset for each 
selected constituent.  The most common descriptive statistics are: number of observations, number of 
detects, percentage of non-detects (ND), minimum ND concentration, maximum ND concentration, 
mean concentration, median concentration (50th percentile), 95th percentile, variance, standard 
deviation, and coefficient of variation.  Although statistics computed using discrete data sets of small 
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sizes (e.g., < 8) are generally not used to make decisions, facility-specific knowledge and limited 
statistical evaluation, can be used to evaluate such datasets. 
 
Next, visual plots such as histograms and probability plots are developed to examine the data closely 
and visually determine if there are extreme outliers in the dataset.  If extreme outliers are visually 
identified, then outlier tests using Rosner’s and Dixon’s outlier tests were performed to confirm the 
outliers at a 5% significant level.  The presence of outliers in the computation of the various decision 
statistics can lead to incorrect conclusions.  The decision to include or not include outliers in statistical 
computations is decided by the project team based on constituent and facility-specific knowledge.  In 
some cases, decision statistics are computed with and without the outliers to evaluate the influence of 
outliers on the decision making statistics.  If the presence of an outlier is confirmed, and if there is 
enough evidence to remove the outlier, then the outlier is removed from further statistical analysis. 
Where applicable, time series plots were also developed for each constituent for each facility by using 
all wells in the same plot or as single well plots to examine any temporal trend. 
 
4.4 TESTING OF STATISTICAL ASSUMPTION 
 
After performing the initial statistical evaluation and removing the potential outliers, two critical 
statistical assumptions are tested for:  independent, identically distributed (IID) measurements, and test 
for normality.   
 
In general, the groundwater monitoring program is designed to have IID measurements for statistical 
analysis, which is generally satisfied in designing and carrying out the monitoring program.  The 
groundwater samples are not statistically independent when analyzed as aliquots or splits from a single 
physical sample.  Therefore, split sample data were removed from the dataset.  In case of a duplicate 
sample, the maximum detected value or minimum ND value is selected.  For a small fraction of non-
detects in a sample (10-15% or less) censored at a single reporting limit, simple substitution methods 
can be utilized by substituting each non-detection with an imputed value of the method detection limit 
(MDL).  However, more complicated situations arise when there is a combination of multiple MDLs 
(detected values intermingled with different non-detection levels), or the proportion of non-detections 
is larger.  For complicated situations, strategies such as Kaplan-Meier (KM), Cohen's Method, Robust 
Regression on Order Statistics (ROS), and Parametric Regression on Order Statistics are utilized.  The 
substitution will depend on the data distribution and site conditions. 
 
For the normality assumption, the data is first tested for normal distribution with histograms, probability 
plots and GOF tests statistics for each constituent for each dataset for each facility.  If the data appeared 
to be skewed, then the data are transformed to test for log-normal and Gamma distributions.  The GOF 
statistics tests are generated using the USEPA ProUCL software (USEPA, 2013), which tests for normal, 
lognormal, and gamma distributions to establish the appropriate distribution.  The GOF test statistics for 
normal and lognormal distributions is based on Normal Quantile-Quantile (Q-Q) plot and Shapiro-Wilk 
(S-W) Tests.  The GOF test statistics for a gamma distribution are based upon the Empirical Distribution 
Function (EDF).  The two EDF tests incorporated in ProUCL are the K-S test and the A-D test.  If the Q-Q 
plot and the values of the GOF test statistics suggest the data follow a certain distribution, then 
parametric methods are utilized to estimate the BTV value.  If the normality assumption is not met, then 
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the data are considered as distribution free, and non-parametric statistical methods are used to 
estimate BTV values. 
 
A common difficulty in checking for normality among groundwater measurements is the frequent 
presence of non-detect values, known in statistical terms as left-censored (positively skewed) 
measurements.  The magnitude of these sample concentrations is unknown and they fall somewhere 
between zero and the detection or reporting limit.  Many positively skewed data sets follow a lognormal 
as well as a gamma distribution.  It is well-known that for moderately skewed to highly skewed data 
sets, the use of a lognormal distribution tends to yield inflated and unrealistically large values of the 
decision statistics especially when the sample size is small (e.g., <20-30).  It is observed that the use of a 
gamma distribution tends to yield reliable and stable results to a practical merit.  If the GOF statics are 
inconclusive then non-parametric methods are utilized. 
 
4.5 BTV ESTIMATE 
 
In this step, an appropriate parametric or non-parametric test method to estimate BTVs was selected 
based on conclusions from the above sections.  When selecting parametric methods or non-parametric 
methods, it is implicitly assumed that the background data set used to estimate BTV’s represent 
unimpacted single statistical population that are free from outliers.  However, since outliers are 
inevitable in most environmental data (high percent of NDs), when present, outliers were treated on a 
facility-specific basis using all existing knowledge about the facility, groundwater conditions and 
reference areas under investigation as discussed in the previous section.  The BTV’s for the constituents 
were estimated using ProUCL by using one of the following methods. 

 Parametric or non-parametric 95% Upper Prediction Limits (UPL95) 

 Parametric or non-parametric Upper Tolerance Limits with 95% confidence and 95% coverage 
(UTL95-95) 

 
A prediction interval is the interval (based upon background data) within which a newly and 
independently obtained (future observation) site observation (e.g., onsite, downgradient well) of the 
predicted variable (e.g., boron) falls with a given probability (or Confidence Coefficient (CC)).  A UPL95 
represents that statistic such that an independently collected new/future observation from the 
population will be less than or equal to the UPL95 with a CC of 0.95.  It is noted that the use of a UPL95 
to compare many observations may result in a higher number of false positives; that is the use of a 
UPL95 to compare many observations just by chance tends to incorrectly classify observations coming 
from the background population as coming from the impacted site locations.  
 
A tolerance limit is a confidence limit on a percentile of the population rather than a confidence limit on 
the mean.  A UTL95-95 represents that statistic such that 95% observations (current and future) from 
the target population will be less than or equal to the UTL95-95 with a CC of 0.95.  A UTL95-95 
represents a 95% UCL of the 95th percentile of the data distribution.  A UTL95-95 is designed to 
simultaneously provide coverage for 95% of all potential observations (current and future) from the 
background population with a CC of 0.95.  A UTL95-95 can be used when many (unknown) current or 
future onsite observations need to be compared with a BTV.  For moderately to highly skewed data sets 
(high percentage of NDs), upper limits using KM estimates in gamma upper concentration limit and UTL 
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equations provide better results, if the detected observations in the left-censored data set follow a 
gamma distribution.  
 
The nonparametric upper limits (e.g., UTLs, UPLs) are computed by the higher order statistics such as 
the largest, the second largest, the third largest, and so on of the background data.  The order of the 
statistic used to compute a nonparametric upper limit depends on the sample size, coverage probability, 
and the desired CC.  In practice, non-parametric upper limits do not provide the desired coverage to the 
population parameter (upper threshold) unless the sample size is large. 
 
4.6 FACILITY-SPECIFIC APPLICATION 
 
In each appendix to this report, these statistical methods were used to develop a regional background 
groundwater BTV for specific constituents using the NCDEQ and/or the Duke Energy water supply well 
data, and a facility-specific background groundwater BTV for the same constituents using the facility 
upgradient/background monitoring well data.  The results are provided in each appendix, and the 
detailed statistical evaluations are provided as attachments to each appendix. 
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5. Groundwater Flow Evaluation  
 
 
The groundwater flow evaluations were conducted for this report by the companies that have been the 
lead investigators on each site for Duke Energy under the CAMA program:   
 

• HDR, Inc. (HDR) is the lead investigator for Allen, Belews Creek, Buck, Cliffside, and Marshall. 

• SynTerra Corporation (SynTerra) is the lead investigator for Mayo and Roxboro. 
 
The sections on groundwater flow provided in each appendix succinctly summarize the wealth of 
information collected during the CAMA program on the hydrogeology of each site, information that has 
been included in the following reports: 
 

• Comprehensive Site Assessment (CSA); 

• Corrective Action Plan, Part 1 (CAP-1); and 

• Corrective Action Plan, Part 2 (CAP-2). 

While the purpose of the CAMA program groundwater investigation is to evaluate the impact the ash 
basins and other ash management areas on groundwater at and downgradient of these units, these data 
have been used in this report to evaluate groundwater flow with respect to the location of the water 
supply wells within the vicinity of each facility, which are upgradient and in some cases side gradient.   
 
A detailed site conceptual model (SCM) is presented for each facility.  The generalized SCM is a slope-
aquifer system typical of the Piedmont Province where a surface drainage basin is contained within one 
or more adjacent topographic divides, located along ridge tops serving as the upper hydraulic 
boundaries and with a stream, river, or lake serving as the lower hydraulic boundary.  Detailed plan 
views and cross-sections are used to localize the area of groundwater impact at the facility, as defined 
by the locations where boron, the leading coal ash indicator, is present above the 2L standard. 
 
It should be noted that all of the groundwater investigations at each of the facilities have been 
conducted under the conditions where the local water supply wells have been active and in normal 
operation.  Thus the water level measurements and the interpretations of groundwater flow reflect the 
combined impact this active pumping condition may have on groundwater flow. 
 
A groundwater model has been developed for each site, and where the model has been sufficiently 
developed, reverse particle tracking has been used in a well capture zone analysis to delineate well 
capture zones for the active water supply wells near each of these facilities:  Belews Creek, Cliffside, 
Marshall, Mayo, and Roxboro.  These models have simulated active pumping and were conducted to 
simulate a time frame of water supply well usage starting with the first date that the ash basin(s) were 
in operation. 
 
Details on these evaluations are provided in the appendices.  
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6. Groundwater Characteristics Evaluation 
 
 
The objective of the groundwater characteristics evaluation is to understand, from the groundwater 
chemistry perspective, whether the CCR-impacted groundwater at each facility has resulted in the water 
quality exceedances reported in the local water supply wells.  The following provides a summary of the 
methods applied to the groundwater characteristics evaluation for each of the facilities. 
 
6.1 EVALUATION APPROACH 
 
The evaluation consists of the following two key steps:   

 Identify site-specific CCR-related signature constituents that can effectively serve as indicators 
to evaluate the extent of the CCR-impacted groundwater.  

 Compare the absolute and relative abundance of major common constituents and signature 
constituents among various well groups to determine whether CCR-impacted groundwater at 
the site has resulted in the water quality exceedances found in the local water supply wells. 

 
The approach taken to address these two steps follows: 

 Screen the geochemical and transport behaviors of typical CCR-related constituents to establish 
candidate constituents for further evaluation.   

 Assess the presence and magnitude of candidate constituents in the groundwater beneath the 
site as a result of a release from the ash basin system by comparing the concentration 
magnitude of these constituents in the four major well groups below: 

– Ash basin porewater monitoring wells;  
– Other facility monitoring wells, including wells screened in the shallow flow layer 

(shallow wells), wells screened in the transition zones (deep wells), and bedrock wells; 
– Local water supply wells (data from NCDEQ); and  
– Regional background wells (data from NCDEQ and/or from Duke Energy).  

Note that the wells in a major group may be further divided into multiple subgroups in order to 
evaluate the spatial trends of the groundwater data; for example, the facility bedrock wells may 
be further divided into two subgroups based on the groundwater flow direction in the bedrock 
unit: (a) facility bedrock wells that are likely to be within the area of CCR-impacted groundwater, 
and (b) facility bedrock wells that are likely to be outside of this area.  

 Identify useful reduction-oxidation (redox) sensitive constituents that can also serve as an 
indicator or a signature for CCR-impacted groundwater by comparing the concentration 
magnitude of dissolved oxygen, iron, and manganese, among various well groups.  

 Select effective constituents that can differentiate the site-related impacts and background 
conditions to serve as signature constituents to assess the potential relationship between the 
facility CCR-impacted groundwater and the local water supply wells.   
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 Compare the relative abundance patterns of major cations and anions in groundwater among 
various well groups to assess the data clustering pattern and correlation among various well 
groups.   

 Apply the site-specific geochemical principles and the knowledge of the groundwater flow field, 
which have been developed and documented in the CSA and CAP reports and summarized for 
each facility in this report, to coherently interpret the groundwater data trends and to verify or 
reject the connection between the CCR-impacted groundwater and the water quality 
exceedances found in the local water supply wells.  

 
6.2 CCR-RELATED CONSTITUENTS SCREENING FOR SIGNATURE DEVELOPMENT 
 
The first step for the identification of the CCR-impacted signature constituents is to identify the 
constituents that have the following characteristics:  

 They are recalcitrant to degradation and transformation under site-specific conditions.   

 They are very soluble and subject to little sorption.   

 During the transport process, the constituents of interest are not likely subject to a mechanism 
that can increase or decrease their concentrations.   

 Their concentrations or values are substantially different from the background concentrations or 
values. 

 
6.3 DATA ANALYSIS METHODS  
 
Three types of data visualization techniques were used to evaluate the data for the constituents 
identified as useful or key indicator constituents.  Each facility-specific appendix identifies how these 
tools are used to evaluate the site-specific data. 
 
6.3.1 Box Plot  
 
The comparisons of the concentration magnitude among different well groups for various potential 
indicators were made using the box plots produced by the ProUCL software (USEPA, 2013).  An example 
box plot (also commonly known as a “box and whiskers plot”) is shown in Panel (a) of Figure 2, which 
defines the various components of the box plot.  The location of the upper whisker is the lesser of 1.5 
times the interquartile range (IQR) above the 75 percentile or the maximum value; the location of the 
lower whisker is the greater of 1.5 times the IQR below the 25 percentile or the minimum value.  The 
analyses include both detected and non-detected values. 
 
6.3.2 Correlation Plot  
 
The constituents found to be signature indicators of CCR-impacted groundwater can be used to 
generate correlation plots to further evaluate the relationships among various data groups.  To create a 
correlation plot, different data groups can be plotted using different symbols with the concentrations of 
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one constituent on the x-axis and the concentrations of the other constituent on the y-axis.  The 
clustering patterns or trends will illustrate the correlations among data groups.  
 
6.3.3 Piper Plot  
 
Piper plots have been frequently used to assess the relative abundance of general cations (sodium, 
potassium, magnesium, calcium) and anions (chloride, sulfate, bicarbonate and carbonate) in 
groundwater and to differentiate different water sources in hydrogeology (Domenico and Schwartz, 
1998).  Groundwater resulting from different water sources or in different geologic units may exhibit 
distinct clustering patterns on a piper plot.  Because calcium and sulfate are common coal ash 
constituents, it is expected that CCR-impacted groundwater may show a different clustering pattern 
than the background groundwater or the groundwater that has not been impacted by CCR.   
 
An example figure is shown in Panel (b) of Figure 2, which compares the general water chemistry among 
the porewater in an ash basin, surface water in the ash basins, and groundwater in the bedrock wells for 
an example site.  The piper plot consists of three subplots: a cation composition trilinear plot in the 
lower left corner, an anion composition trilinear plot in the lower right corner, and a diamond plot in 
between.  The red lines on each subplot show how to read the meanings of a data point in a subplot.  
For example, in the cation subplot, the data point of AB-4S shows about 37 percent of the total cation 
charges from sodium and potassium, approximately 40 percent from calcium, and about 26 percent 
from magnesium.  In the anion subplot, the data point of SW-AB1 shows about 37 percent of the total 
anion charges from sulfate, approximately 25 percent from chloride and nitrate related anions (NO2- 
and NO3-), and 38 percent from carbonate (CO32-) plus bicarbonate (HCO3-) anions.  In the diamond 
subplot, the data point of AB-7BRU shows about 68 percent of the total anion charges from chloride, 
nitrate related anions, and sulfate, and approximately 48 percent of the total cation charges from 
calcium and magnesium.   
 
The piper plots for this evaluation were generated using the GW_Chart program developed by the USGS 
(Winston, 2000). 
 
6.4 DATA SYNTHESIS 
 
The groundwater characterization uses the results of these analyses in concert with the groundwater 
flow information and the background statistics to determine if the local water supply wells may be 
impacted by a release of constituents from the ash basins and coal ash management facilities at each 
location.  
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7. Summary of Results 
 
 
The NCDEQ classified six of the Duke Energy ash basins as Low to Intermediate risk.  The primary basis 
for this classification was stated as the current “uncertainty related to site conditions that may relate to 
potential impacts to up-gradient and side-gradient well users.”  When finalizing the classifications, a 
decision must be made by NCDEQ to classify these ash basins as Low or as Intermediate risk.  The 
NCDEQ cited a lack of information as the basis for the Low to Intermediate classification.  The most cited 
information needs in the document included incomplete background concentration determination, and 
incomplete capture zone modeling for the water supply wells in the vicinity of each facility. 
 
Duke Energy commissioned Haley & Aldrich, Inc. (Haley & Aldrich) to conduct a detailed evaluation of 
available facility data for the sites classified Low to Intermediate.  The purpose of the study was to 
evaluate whether or not the ash basins and other coal ash management areas at each facility may 
impact off-site local water supply wells.   
 
The results of an initial evaluation of the local water supply well data collected by NCDEQ in the vicinity 
of each of the Duke Energy facilities was conducted by Haley & Aldrich, and was presented to the 
NCDEQ in December 2015 (Haley & Aldrich, 2015).  This report supplements and expands on that initial 
evaluation, and provides technical evaluations in four important assessment areas: 1) an evaluation of 
the private and public water supply well data collected by the NCDEQ with respect to groundwater 
standards and screening levels; 2) additional statistical analysis of regional background groundwater 
data, and facility-specific background groundwater data; 3) a more comprehensive evaluation of 
groundwater flow with respect to local water supply wells, including a water supply well capture zone 
analysis; and 4) a detailed comparison of facility-specific coal ash groundwater chemistry, background 
groundwater chemistry (both regional and facility-specific), and water supply well chemistry.  This 
report addresses the following facilities:  Allen, Belews Creek, Buck, Cliffside, Marshall, Roxboro, and 
Mayo.  The draft NCDEQ classification for Mayo is Low, but has been included in this report so that it 
addresses all sites with draft classifications of Low to Intermediate, and Low. 
 
7.1 AVAILABLE DATA 
 
The data used in the analysis came from several sources.  The local water supply well data were 
provided directly to Duke Energy by the NCDEQ in March 2016.  These data included results for the 
water supply wells sampled within 1,500 feet of the ash basin(s) compliance boundary for each facility.  
In October 2015, NCDEA provided “reconnaissance” or background water supply well data collected in 
the vicinity of the Allen, Buck, and Marshall facilities.  Regional background water supply well data are 
also available from Duke Energy for samples collected within a 2- to 10-mile radius of each facility.  
Groundwater monitoring well data for each facility were also used in the analysis.   
 
Table 1 provides a summary of the sample count used in this analysis for the local water supply wells 
and the regional background water supply wells.   
 
Water supply wells constructed in the Piedmont province of North Carolina are predominantly deep 
bedrock wells.  Typically in the Piedmont, private water supply wells are assumed to be open boreholes 
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installed within the upper 100 feet of bedrock; however, most are generally less than 250 feet deep with 
yields of 10 to 20 gallons per minute (Daniel and Dahlen, 2002).  Therefore, the facility-specific data for 
bedrock and deep wells were the focus of the comparative analysis of local water supply wells and 
facility-specific information. 
 
7.2 RISK-BASED SCREENING EVALUATION 
 
Local water supply well data and the background data from both NCDEQ and Duke were compared to 
the following (Table 2): 

 North Carolina Statute 15A NCAC 02L.0202 (2L Standard) groundwater standards, and IMACs; 

 Federal Safe Drinking Water Act MCLs and SMCLs; 

 NCDHHS screening levels; and 

 USEPA RSLs. 
 
The detailed screening tables for each of the seven facilities are provided in the appendices, by facility.   
 
Table 3 provides a statistical data summary and Table 4 provides a summary of the screening results for 
all of the local water supply well data available for all of the Duke Energy facilities in North Carolina.  
Tables 5 and 6 provide the same information, respectively, for the NCDEQ-sampled regional background 
wells.  Tables 7 and 8 provide the same information, respectively, for the Duke Energy-sampled regional 
background wells. 
 
The analysis provided in this report uses the currently available IMAC for vanadium (0.3 μg/L) and 
NCDHHS screening level for hexavalent chromium (0.07 μg/L); however, NCDEQ announced that it has 
changed those values and has rescinded many of the “Do Not Drink” letters sent to residents due to the 
change.  Because the updated values have not been published, they have not been incorporated into 
the analysis in this report.  However, to account for the change, the discussion of the results for each 
facility does not focus on these two constituents. 
 
The concentrations of boron and the other potential coal ash indicators were low and generally not 
above screening levels in the local water supply wells sampled by NCDEQ, nor in the regional 
background wells.  The exception to this is pH.  pH was below the drinking water standard range in 
approximately half of the NCDEQ-sampled water supply wells, both local and regional background.  
These results are not unexpected, based on a study published by the USGS (Chapman, et al., 2013) and 
additional North Carolina specific studies (Briel, 1997) showing that groundwater pH in the state is 
commonly below the MCL range of 6.5 to 8.5.   
 
Table 9 provides background groundwater data available from the literature for the constituents 
included in this evaluation.   
 
When looking at the local water supply well data, it is clear that there are very few results above 
regulatory levels or risk-based screening levels (with the earlier caveat about the lifting of the “Do Not 
Drink” letters for hexavalent chromium and vanadium).  The water supply well sampling conducted by 
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NCDEQ within the 0.5-mile radius of Duke Energy ash basins included over 14,200 chemical analyses of 
samples from 347 wells.  Only 1.38% of the results were above an MCL; the vast majority of these were 
due to pH readings outside the federal drinking water range, and these values are generally consistent 
with background in North Carolina, as noted above.  When pH is not considered, only 0.16% of the 
results are above an MCL.  Only 1.15% of the individual results are above a secondary federal drinking 
water standard (aluminum, iron, and manganese); these SMCLs are based on aesthetics and most of the 
results are below USEPA’s risk-based screening levels.   
 
7.3 BACKGROUND EVALUATION 
 
The constituents present in coal ash and, therefore, in the groundwater impacted by coal ash, are 
naturally occurring in our environment.  Therefore, it is important to consider the water supply well data 
in the context of background concentrations of the detected constituents.  The background water supply 
well data collected by Duke Energy and by the NCDEQ (where available) for each facility are referred to 
as “regional” background to distinguish it from the “facility-specific” background groundwater data 
collected from monitoring wells located in upgradient locations at each facility.  A detailed statistical 
analysis of regional background groundwater data and facility-specific background groundwater data 
was conducted to develop “background threshold values” or point descriptors of background for specific 
constituents to compare to the data for the NCDEQ-sampled local water supply wells.  The comparison 
indicates that constituent concentrations in the water supply wells are generally consistent with both 
regional and facility-specific background concentrations (including vanadium and hexavalent chromium). 
 
Table 10 provides a summary of the regional and facility-specific BTVs for bedrock groundwater, 
calculated for each of the seven facilities included in this analysis.  The results are generally similar 
between the two datasets for each facility, and across facilities, and represent regional and local natural 
variability in groundwater.  
 
7.4 GROUNDWATER FLOW EVALUATION 
 
A comprehensive evaluation of groundwater flow was conducted with specific emphasis on evaluating 
flow directions with respect to the locations of the ash basin(s) and other coal ash management areas 
and the local water supply wells at each facility.  The results for all facilities demonstrate that 
groundwater flow at each site is predominantly in directions away from areas where water supply wells 
are located and towards the local groundwater discharge features, whether they be a river or lake.  In all 
cases the detailed groundwater models support these flow directions.   
 
The water supply well capture zone analyses conducted for each facility (where appropriate) using 
reverse particle tracking also indicates that groundwater utilized by water supply wells near the coal ash 
impoundments is not impacted by the coal ash sources. 
 
7.5 GROUNDWATER CHARACTERISTICS EVALUATION 
 
These conclusions about groundwater flow and the lack of impact on the local water supply wells are 
confirmed by the detailed characterization of groundwater chemistry at each facility.  Data for facility-
specific groundwater, regional background groundwater, and local water supply well water were 
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included in the evaluations.  The analyses included evaluation of CCR indicators, redox conditions, and 
correlation evaluations.  The results of the chemical correlation analyses indicate that, based on the 
differences in clustering patterns of constituents from the ash basin porewater wells and the local water 
supply wells, the source water for the local water supply wells is not CCR-impacted groundwater.   
 
The graphical results from these seven facility evaluations allow for easy comparison of the ash 
porewater well results between facilities, and easy comparison of the local water supply well results 
between facilities.  The correlations between the ash indicators boron and sulfate, and between the 
major groundwater ions (calcium, magnesium, chloride, sulfate, etc.) for the ash porewater wells are 
strikingly similar between facilities.  These same comparisons are also strikingly similar between all of 
the facilities’ local water supply wells.  Moreover, the patterns between the two groups of data, ash 
porewater wells and local water supply wells, are distinctly different in the correlation plots.  This 
comparison between facilities further supports the conclusion that CCR-impacted groundwater is not 
impacting the local water supply wells. 
 
7.6 CONCLUSIONS 
 
Therefore, the evaluations performed for all 7 of these facilities support a Low risk classification under 
CAMA: 

 Allen Steam Station 

 Belews Creek Steam Station  

 Buck Steam Station  

 Cliffside Steam Station  

 Marshall Steam Station  

 Mayo Steam Electric Plant 

 Roxboro Steam Electric Plant  
 
These results confirm the Low risk classification proposed by NCDEQ for Mayo, and the specific ash 
basins at Cliffside and Roxboro. 
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Table  1
Summary of NCDEQ and Duke Energy Water Supply Well and Background Well Samples and Well Counts
Water Supply Well Evaluation
Duke Energy
April 2016

Allen 124 7 16 23

Belews Creek 34 0 11 11

Buck 89 7 17 24

Cliffside 22 0 9 9

Marshall 39 10 29 39

Mayo 3 0 14 14

Roxboro 15 0 26 26

Notes:

DEQ ‐ Department of Environmental Quality.
NC ‐ North Carolina.

(a) ‐ NCDEQ Water Supply Well data.  Data from NCDEQ document submittal from March 15, 2016.
(b) ‐ NCDEQ Background data.  Accessed December 14, 2015.

http://portal.ncdenr.org/c/document_library/get_file?uuid=1b4291cf‐958f‐4b7e‐a272‐fb7ab608a158&groupId=14
(c) ‐ Duke Energy Background data.  Duke employee private well survey within 2‐10 miles from identified facility.  

Station

Number of NCDEQ 

Private Wells (a)

Combined 

Background

NCDEQ (b) 

Background

Duke Energy (c) 

Background

Haley & Aldrich, Inc.
Table 1_2016‐04‐Data Audit.xlsx APRIL 2016
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Table 2
Summary of Screening Values
Water Supply Well Evaluation

Duke Energy
April 2016

Constituents Units

15A NCAC 02L .0202

Groundwater Standard 

(a)

Federal 

MCL/ 

SMCL (b)

DHHS 

Screening 

Level (c)

Tap Water 

RSL 

2015 (d)
Boron ug/L 700 NS 700 4000
Calcium ug/L NS NS NS NS
Chloride mg/L 250 *250 250 NS
pH su 6.5‐8.5 6.5 ‐ 8.5 NS NS
Sulfate mg/L 250 *250 250 NS
Total Dissolved Solids mg/L 500 *500 NS NS
Antimony ug/L 1 6 1 7.8
Arsenic ug/L 10 10 10 0.052
Barium ug/L 700 2000 700 3800
Beryllium ug/L ^4 4 4 25
Cadmium ug/L 2 5 2 9.2
Chromium ug/L 10 100 10 22000
Cobalt ug/L ^1 NS 1 6
Lead ug/L 15 15 15 15
Mercury ug/L 1 2 1 5.7
Molybdenum ug/L NS NS 18 100
Selenium ug/L 20 50 20 100
Thallium ug/L 0.2 2 0.2 0.2
Aluminum ug/L NS *50 to 200 3500 20000
Copper mg/L 1 1.3 1 0.8
Hexavalent Chromium ug/L NS NS 0.07 44 (g)
Iron ug/L 300 *300 2500 14000
Magnesium ug/L NS NS NS NS
Manganese ug/L 50 *50 200 430
Nickel ug/L 100 NS 100 390
Potassium ug/L NS NS NS NS
Sodium ug/L NS NS 20000 NS
Strontium ug/L NS NS 2100 12000
Vanadium ug/L ^0.3 NS 0.3 86
Zinc mg/L 1 *5 1 6
Alkalinity mg/L NS NS NS NS
Bicarbonate mg/L NS NS NS NS
Carbonate mg/L NS NS NS NS
Total Suspended Solids mg/L NS NS NS NS
Turbidity NTU NS NS NS NS
Temperature °C NS NS NS NS
Specific Conductance umhos/cm NS NS NS NS
Dissolved Oxygen mg/L NS NS NS NS
Oxidation Reduction Potential mV NS NS NS NS

Appendix III (e)

Appendix IV (f)

Constituents Not 
Identified in the 

CCR Rule

Haley & Aldrich, Inc.
Table 2_2016‐04_Screening Levels.xlsx APRIL 2016
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Table 2
Summary of Screening Values
Water Supply Well Evaluation

Duke Energy
April 2016

Notes:
^ ‐ Denotes IMAC value. NA ‐ Not Available.
* ‐ Denotes SMCL value. NC ‐ North Carolina.
°C ‐ Degrees Celsius. NS ‐ No standard Available.
CCR ‐ Coal Combustion Residual. NTU ‐ Nephelometric Turbidity Units.
DEQ ‐ Department of Environmental Quality. RSL ‐ Risk Based Screening Level.
DHHS ‐ Department of Health and Human Services. SMCL  ‐ Secondary Maximum Contaminant Level.  
HI ‐ Hazard Index. su ‐ Standard units.
IMAC ‐ Interim Maximum Allowable Concentration. USEPA ‐ United States Environmental Protection Agency.
MCL ‐ Maximum Contaminant Level. ug/L ‐ micrograms/liter.
mg/L ‐ milligrams/liter. umhos/cm ‐ micromhos/centimeter.
mV ‐ millivolts. USGS ‐ United States Geological Survey.

(a) ‐ Classifications and Water Quality Standards Applicable to Groundwaters of North Carolina.  North Carolina Administrative Code.  April 1, 2013.  
        http://portal.ncdenr.org/web/wq/ps/csu/gwstandards
(b) ‐ USEPA 2012 Edition of the Drinking Water Standards and Health Advisories.  Spring 2012.  http://www.epa.gov/sites/production/files/2015‐09/documents/dwstandards2012.pdf.
(c) ‐ DHHS Screening Levels.  Department of Health and Human Services, Division of Public Health, Epidemiology Section, Occupational and Environmental 
        Epidemiology Branch.  http://portal.ncdenr.org/c/document_library/get_file?p_l_id=1169848&folderId=24814087&name=DLFE‐112704.pdf
(d) ‐ USEPA Risk Based Screening Levels (November 2015).  Values for tapwater.  HI = 1.
        http://www.epa.gov/risk/risk‐based‐screening‐table‐generic‐tables
(e) ‐ The CCR Rule lists these constituents as Constituents for Detection Monitoring (Appendix III).
         http://www.gpo.gov/fdsys/pkg/FR‐2015‐04‐17/pdf/2015‐00257.pdf
(f) ‐ The CCR Rule lists these constituents as Constituents for Assessment Monitoring (Appendix IV).
(g) ‐ Alternative screening level calculated for hexavalent chromium using RSL calculator (http://epa‐prgs.ornl.gov/cgi‐bin/chemicals/csl_search) and 
         current dose‐response data from the USEPA’s  Integrated Risk Information System. Available at: http://www.epa.gov/IRIS/.  The RSL for 
         hexavalent chromium is not a drinking water standard, and the basis of the draft oral cancer toxicity value used in the calculation of the RSL 
         has been questioned by USEPA’s Science Advisory Board; therefore, RSL for Chromium (IV) is based on the noncancer values developed by USEPA.

Haley & Aldrich, Inc.
Table 2_2016‐04_Screening Levels.xlsx APRIL 2016
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Table 3
Statistical Summary of NCDEQ‐Sampled Water Supply Well (d) Data
Water Supply Well Evaluation

Duke Energy
April 2016

Constituents Units

Constituents Listed in Appendix III (Detection Monitoring) of the CCR Rule (b)
Boron ug/L 97 / 368 26% 5 ‐ 690 50.57 5 5 5 12.45 50

Calcium ug/L 366 / 368 99% 1,340 ‐ 246,000 18,465 4,964 7,208 12,200 20,925 31,940

Chloride mg/L 363 / 368 99% 0.92 ‐ 335 10.13 1.57 2.3 4.29 8.4 19.03

pH su 368 / 368 100% 2.13 ‐ 9.4 6.553 5.87 6.2 6.5 6.9 7.409

Sulfate mg/L 239 / 368 65% 0.15 ‐ 711 20.17 2 2 2.5 6.575 18.85

Total Dissolved Solids mg/L 364 / 367 99% 25 ‐ 2040 139.1 59 81 109 147.5 201.6

Constituents Listed in Appendix IV (Assessment Monitoring) of the CCR Rule (c)
Antimony ug/L 37 / 368 10% 0.031 ‐ 1.87 0.243 0.4 0.5 0.5 0.5 0.832

Arsenic ug/L 77 / 368 21% 0.1 ‐ 108 4.06 0.5 0.5 0.5 0.5 2.06

Barium ug/L 362 / 368 98% 0.46 ‐ 400 39 5.5 11.9 25.15 47.7 79.9

Beryllium ug/L 17 / 368 5% 0.04 ‐ 0.78 0.24 0.2 0.2 0.2 0.2 0.4

Cadmium ug/L 32 / 368 9% 0.063 ‐ 1.4 0.247 0.08 0.08 0.08 0.08 0.159

Chromium ug/L 245 / 368 67% 0.176 ‐ 22.1 2.499 0.5 0.515 1.105 2.6 5

Cobalt ug/L 67 / 368 18% 0.03 ‐ 12 1.301 0.227 0.5 0.5 0.5 1

Lead ug/L 318 / 368 86% 0.073 ‐ 75.5 1.991 0.1 0.23 0.52 1.4 3.128

Mercury ug/L 25 / 368 7% 0.017 ‐ 0.12 0.0484 0.0594 0.2 0.2 0.2 0.2

Molybdenum ug/L 144 / 368 39% 0.064 ‐ 20.2 1.991 0.387 0.5 0.5 1.1 4.23

Selenium ug/L 39 / 368 11% 0.164 ‐ 3.4 1.049 0.5 0.5 0.5 0.5 1.73

Thallium ug/L 13 / 368 4% 0.057 ‐ 0.24 0.117 0.1 0.1 0.1 0.1 0.2

Constituents Not Identified in the CCR Rule
Vanadium ug/L 270 / 368 73% 0.197 ‐ 26.5 6.572 1 1 4 8.2 12

Aluminum ug/L 129 / 368 35% 2.2 ‐ 5,000 195.2 10 10 10 25.18 109.3

Copper mg/L 328 / 368 89% 0.00019 ‐ 29 0.181 0.0011 0.0027 0.00764 0.0231 0.0709

Iron ug/L 171 / 368 46% 14.5 ‐ 18,200 869.9 50 50 50 188.3 1016

Hexavalent Chromium ug/L 265 / 365 73% 0.033 ‐ 22.3 1.659 0.03 0.081 0.62 1.9 4.72

Magnesium ug/L 366 / 368 99% 372 ‐ 61,200 4,655 1,300 2,123 3,455 5,193 7,141

Manganese ug/L 304 / 368 83% 0.49 ‐ 1010 34.49 0.5 0.84 2.77 14.7 47.78

Nickel ug/L 168 / 368 46% 0.18 ‐ 15 1.55 0.5 0.5 0.5 1.2 3.26

Potassium ug/L 367 / 368 100% 96.1 ‐ 21,200 2187 953.8 1,300 1,800 2,405 3,500

Sodium ug/L 368 / 368 100% 570 ‐ 370,000 11,388 4,207 5,578 7,435 9,643 16,430

Strontium ug/L 365 / 368 99% 9.7 ‐ 3,400 140.9 38.03 60 98.6 168.3 263.6

Zinc mg/L 317 / 368 86% 0.00212 ‐ 5.26 0.135 0.005 0.00975 0.025 0.0662 0.238

Alkalinity mg/L 359 / 366 98% 1.4 ‐ 376 54.01 16.05 28.5 42.4 61.95 89.8

Bicarbonate mg/L 345 / 356 97% 1.23 ‐ 317 52.73 13.35 26.9 41.85 61.18 89.75

Carbonate mg/L 2 / 354 1% 6 ‐ 42.6 24.3 1 5 5 5 5

Total Suspended Solids mg/L 59 / 367 16% 0.4 ‐ 363 16.7 1 2.5 2.5 2.5 5

Turbidity NTU 104 / 367 28% 0.15 ‐ 210 11.16 1 1 1 1 3.68

Temperature °C 366 / 366 100% 7.4 ‐ 28.3 18.01 15.6 16.8 17.8 19.1 21

Specific Conductance umhos/cm 367 / 367 100% 4.5 ‐ 1,770 174.3 64 92.2 134.5 197.3 280.8

Dissolved Oxygen mg/L 367 / 367 100% 0.01 ‐ 13 5.532 1.258 4.005 5.91 7.4 8.3

Oxidation Reduction Potential mV 328 / 328 100% 1 ‐ 774.7 211.5 112.9 166.8 203.2 246.5 300.4

Total Number of Analyses: 14,274

50th 

Percentile

75th 

Percentile

90th 

Percentile

Frequency of 

Detection (a)

Frequency of 

Detection 

Percent

Range of Detected 

Concentrations

Mean 

Detect

10th 

Percentile

25th 

Percentile

Haley & Aldrich, Inc.
Table 3_2016‐04_NCDEQ Data Supply Well Statistical Summary.xlsx SUMMARY Percentiles APRIL 2016
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Table 3
Statistical Summary of NCDEQ‐Sampled Water Supply Well (d) Data
Water Supply Well Evaluation

Duke Energy
April 2016

Notes:

°C ‐ Degrees Celsius. CCR ‐ Coal Combustion Residual.
mg/L ‐ milligrams/liter. DEQ ‐ Department of Environmental Quality.
mV ‐ millivolts. NC ‐ North Carolina.
NTU ‐ Nephelometric Turbidity Units.
su ‐ standard units.
ug/L ‐ micrograms/liter.
umhos/cm ‐ micromhos/centimeter.

(a) ‐ Frequency of Detection: number of detects / total number of results.
(b) ‐ The CCR Rule (FR80(74):21302‐21501; April 17, 2015) lists these constituents as Constituents for Detection Monitoring (Appendix III).  
         http://www.gpo.gov/fdsys/pkg/FR‐2015‐04‐17/pdf/2015‐00257.pdf
(c) ‐ The CCR Rule lists these constituents as Constituents for Assessment Monitoring (Appendix IV).
(d) ‐ NCDEQ Water Supply Well data.  Data from NCDEQ document submittal from March 15, 2016.

Haley & Aldrich, Inc.
Table 3_2016‐04_NCDEQ Data Supply Well Statistical Summary.xlsx SUMMARY Percentiles APRIL 2016
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Table 4
Summary of NCDEQ‐Sampled Water Supply Well (h) Data Screening
Water Supply Well Evaluation

Duke Energy
April 2016

Constituents Units 2L (a) DHHS (b) MCL (c) RSL (d) 2L (a) DHHS (b) MCL (c) RSL (d)

Constituents Listed in Appendix III (Detection Monitoring) of the CCR Rule (e)
Boron ug/L 97 / 368 26% 5 ‐ 690 0 0 ‐‐ 0 0 0 ‐‐ 0 97

Calcium ug/L 366 / 368 99% 1,340 ‐ 246,000 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐
Chloride mg/L 363 / 368 99% 0.92 ‐ 335 1 1 1 ‐‐ 0 0 0 ‐‐ 362

pH su 368 / 368 100% 2.13 ‐ 9.4 173 ‐‐ 173 ‐‐ 0 ‐‐ 0 ‐‐ 195

Sulfate mg/L 239 / 368 65% 0.15 ‐ 711 5 5 5 ‐‐ 0 0 0 ‐‐ 234

Total Dissolved Solids mg/L 364 / 367 99% 25 ‐ 2040 7 ‐‐ 7 ‐‐ 0 ‐‐ 0 ‐‐ 357

Constituents Listed in Appendix IV (Assessment Monitoring) of the CCR Rule (f)
Antimony ug/L 37 / 368 10% 0.031 ‐ 1.87 2 2 0 0 8 8 0 0 35

Arsenic ug/L 77 / 368 21% 0.1 ‐ 108 7 7 7 77 0 0 0 290 0

Barium ug/L 362 / 368 98% 0.46 ‐ 400 0 0 0 0 0 0 0 0 362

Beryllium ug/L 17 / 368 5% 0.04 ‐ 0.78 0 0 0 0 0 0 0 0 17

Cadmium ug/L 32 / 368 9% 0.063 ‐ 1.4 0 0 0 0 0 0 0 0 32

Chromium ug/L 245 / 368 67% 0.176 ‐ 22.1 8 8 0 0 4 4 0 0 237

Cobalt ug/L 67 / 368 18% 0.03 ‐ 12 27 27 ‐‐ 2 9 9 ‐‐ 2 40

Lead ug/L 318 / 368 86% 0.073 ‐ 75.5 6 6 6 6 0 0 0 0 312

Mercury ug/L 25 / 368 7% 0.017 ‐ 0.12 0 0 0 0 0 0 0 0 25

Molybdenum ug/L 144 / 368 39% 0.064 ‐ 20.2 ‐‐ 1 ‐‐ 0 ‐‐ 1 ‐‐ 0 143

Selenium ug/L 39 / 368 11% 0.164 ‐ 3.4 0 0 0 0 0 0 0 0 39

Thallium ug/L 13 / 368 4% 0.057 ‐ 0.24 1 1 0 1 28 28 0 28 12

Constituents Not Identified in the CCR Rule
Vanadium ug/L 270 / 368 73% 0.197 ‐ 26.5 263 263 ‐‐ 0 86 86 ‐‐ 0 7

Aluminum ug/L 129 / 368 35% 2.2 ‐ 5,000 ‐‐ 1 57 0 ‐‐ 0 3 0 72

Copper mg/L 328 / 368 89% 0.00019 ‐ 29 4 4 3 4 0 0 0 0 324

Iron ug/L 171 / 368 46% 14.5 ‐ 18,200 67 17 67 1 1 0 1 0 104

Hexavalent Chromium ug/L 265 / 365 73% 0.033 ‐ 22.3 ‐‐ 243 ‐‐ 0 ‐‐ 35 ‐‐ 0 22

Magnesium ug/L 366 / 368 99% 372 ‐ 61,200 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐
Manganese ug/L 304 / 368 83% 0.49 ‐ 1010 33 14 33 5 0 0 0 0 271

Nickel ug/L 168 / 368 46% 0.18 ‐ 15 0 0 ‐‐ 0 0 0 ‐‐ 0 168

Potassium ug/L 367 / 368 100% 96.1 ‐ 21,200 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐
Sodium ug/L 368 / 368 100% 570 ‐ 370,000 ‐‐ 28 ‐‐ ‐‐ ‐‐ 0 ‐‐ ‐‐ 340

Strontium ug/L 365 / 368 99% 9.7 ‐ 3,400 ‐‐ 1 ‐‐ 0 ‐‐ 0 ‐‐ 0 364

Zinc mg/L 317 / 368 86% 0.00212 ‐ 5.26 10 10 1 0 0 0 0 0 307

Alkalinity mg/L 359 / 366 98% 1.4 ‐ 376 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐
Bicarbonate mg/L 345 / 356 97% 1.23 ‐ 317 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐
Carbonate mg/L 2 / 354 1% 6 ‐ 42.6 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐
Total Suspended Solids mg/L 59 / 367 16% 0.4 ‐ 363 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐
Turbidity NTU 104 / 367 28% 0.15 ‐ 210 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐
Temperature °C 366 / 366 100% 7.4 ‐ 28.3 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐
Specific Conductance umhos/cm 367 / 367 100% 4.5 ‐ 1,770 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐
Dissolved Oxygen mg/L 367 / 367 100% 0.01 ‐ 13 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐
Oxidation Reduction Potential mV 328 / 328 100% 1 ‐ 774.7 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐

Total Number of Analyses: 14,274 614 639 360 96 136 171 4 320 4,478

Frequency of Reporting Limits Above: Frequency of 

Detects Below All 

Screening Levels

Frequency of 

Detection 

Percent 

Total Number of Exceedances:

Frequency of 

Detection (g)

Range of Detected 

Concentrations

Frequency Detected Above:
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Table 4
Summary of NCDEQ‐Sampled Water Supply Well (h) Data Screening
Water Supply Well Evaluation

Duke Energy
April 2016

Notes:

°C ‐ Degrees Celsius. CCR ‐ Coal Combustion Residual. RSL ‐ Risk Based Screening Level.
mg/L ‐ milligrams/liter. DEQ ‐ Department of Environmental Quality. SMCL  ‐ Secondary Maximum Contaminant Level.  
mV ‐ millivolts. DHHS ‐ Department of Health and Human Services. USEPA ‐ United States Environmental Protection Agency.
NTU ‐ Nephelometric Turbidity Units. HI ‐ Hazard Index. ‐‐ ‐ No Standard Available.
su ‐ standard units. IMAC ‐ Interim Maximum Allowable Concentration.
ug/L ‐ micrograms/liter. MCL ‐ Maximum Contaminant Level.
umhos/cm ‐ micromhos/centimeter. NC ‐ North Carolina.

(a) ‐ Classifications and Water Quality Standards Applicable to Groundwaters of North Carolina. North Carolina Administrative Code. April 1, 2013
http://portal.ncdenr.org/web/wq/ps/csu/gwstandards

(b) ‐ DHHS Screening Levels. Department of Health and Human Services, Division of Public Health, Epidemiology Section, Occupational and Environmenta
Epidemiology Branch. http://portal.ncdenr.org/c/document_library/get_file?p_l_id=1169848&folderId=24814087&name=DLFE‐112704.pdf

(c) ‐ USEPA 2012 Edition of the Drinking Water Standards and Health Advisories. Spring 2012.
http://water.epa.gov/drink/contaminants/index.cfm

(d) ‐ USEPA Risk Based Screening Levels (November 2015). Values for tap water. HI = 1.
http://www.epa.gov/reg3hwmd/risk/human/rb‐concentration_table/Generic_Tables/index.htm

(e) ‐ The CCR Rule (FR80(74):21302‐21501; April 17, 2015) lists these constituents as Constituents for Detection Monitoring (Appendix III)
http://www.gpo.gov/fdsys/pkg/FR‐2015‐04‐17/pdf/2015‐00257.pdf

(f) ‐ The CCR Rule lists these constituents as Constituents for Assessment Monitoring (Appendix IV).
(g) ‐ Frequency of Detection: number of detects / total number of results.
(h) ‐ NCDEQ Water Supply Well data.  Data from NCDEQ document submittal from March 15, 2016.

Haley & Aldrich, Inc.
Table 4_2016‐04_NCDEQ Data Supply Well Screen Summary.xlsx SUMMARY APRIL 2016
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Table 5
Statistical Summary of NCDEQ‐Sampled Background Water Supply Well Data
Water Supply Well Evaluation

Duke Energy
April 2016

Constituents Units

Boron ug/L 6 / 24 25% 5.3 ‐ 135 30.08 5 5 5 5.075 11.41
Calcium ug/L 24 / 24 100% 1,680 ‐ 74,200 24,238 8,227 10,700 17,900 31,400 55,880
Chloride mg/L 24 / 24 100% 1.6 ‐ 38 6.667 1.73 1.975 4.1 7.675 12.11
pH su 24 / 24 100% 5.15 ‐ 7.85 6.532 6.033 6.215 6.545 6.878 7.169
Sulfate mg/L 17 / 24 71% 2.1 ‐ 186 22.52 2 2 4.55 13.73 30.36
Total Dissolved Solids mg/L 23 / 24 96% 51 ‐ 373 153.7 79.9 87.25 109 166.5 336.6

Antimony ug/L 0 / 24 0% NA    NA     0.5 0.5 0.5 0.5 0.5
Arsenic ug/L 2 / 24 8% 4.4 ‐ 4.4 2.62 0.5 0.5 0.5 0.5 0.5
Barium ug/L 24 / 24 100% 0.89 ‐ 77.3 26.05 5.36 12.63 22.35 33.48 58.11
Beryllium ug/L 0 / 24 0% NA    NA     0.2 0.2 0.2 0.2 0.2
Cadmium ug/L 0 / 24 0% NA    NA     0.08 0.08 0.08 0.08 0.08
Chromium ug/L 18 / 24 75% 0.51 ‐ 5 1.37 0.5 0.508 0.805 1.45 1.9
Cobalt ug/L 0 / 24 0% NA    NA     0.5 0.5 0.5 0.5 0.5
Lead ug/L 18 / 24 75% 0.12 ‐ 3.2 0.603 0.1 0.115 0.24 0.58 0.888
Mercury ug/L 0 / 24 0% NA    NA     0.2 0.2 0.2 0.2 0.2
Molybdenum ug/L 6 / 24 25% 0.58 ‐ 4.9 2.523 0.5 0.5 0.5 0.52 2.66
Selenium ug/L 2 / 24 8% 0.52 ‐ 0.72 0.62 0.5 0.5 0.5 0.5 0.5
Thallium ug/L 0 / 24 0% NA    NA     0.1 0.1 0.1 0.1 0.1

Vanadium ug/L 19 / 24 79% 1 ‐ 23.7 5.784 1 1.15 2.85 5.3 11.38
Aluminum ug/L 5 / 24 21% 12.1 ‐ 213 85.72 10 10 10 10 60.55
Copper mg/L 21 / 24 88% 0.001 ‐ 0.0161 0.00537 0.001 0.00185 0.0028 0.00758 0.011
Iron ug/L 6 / 24 25% 57.5 ‐ 1,340 335.6 50 50 50 51.88 164
Hexavalent Chromium ug/L 12 / 24 50% 0.14 ‐ 4.5 1.187 0.247 0.6 0.6 0.918 1.5
Magnesium ug/L 24 / 24 100% 808 ‐ 28,800 7172 2,109 2,858 5,165 8,238 14,550
Manganese ug/L 16 / 24 67% 0.5 ‐ 271 25.03 0.5 0.5 0.785 8.9 22.5
Nickel ug/L 6 / 24 25% 0.53 ‐ 1.8 1.038 0.5 0.5 0.5 0.508 0.97
Potassium ug/L 24 / 24 100% 265 ‐ 3,450 1906 1,010 1,253 1,880 2,428 3,203
Sodium ug/L 24 / 24 100% 4,610 ‐ 29,900 10,375 6,491 6,785 8,300 9,603 19,920
Strontium ug/L 24 / 24 100% 12.2 ‐ 1150 238.6 78.03 98.4 147.5 214.8 516.8
Zinc mg/L 17 / 24 71% 0.0051 ‐ 0.147 0.0209 0.005 0.005 0.00735 0.0137 0.0281
Alkalinity mg/L 24 / 24 100% 7.4 ‐ 226 79.86 34.19 48.03 66.1 90 166.2
Bicarbonate mg/L 23 / 24 96% 7.4 ‐ 226 81.04 25.03 46.63 66.1 90 166.2
Carbonate mg/L 0 / 24 0% NA    NA     5 5 5 5 5
Total Suspended Solids mg/L 4 / 24 17% 4.2 ‐ 20.6 10.38 2.5 2.5 2.5 2.5 5.07
Turbidity NTU 4 / 24 17% 2 ‐ 10.6 4.675 1 1 1 1 2.63
Temperature °C 24 / 24 NA 15.25 17.68 16.59 16.01 16.37 16.51 16.86 17.18
Specific Conductance umhos/cm 24 / 24 NA 0.053 0.9 0.26 0.0912 0.116 0.188 0.295 0.563
Dissolved Oxygen mg/L 24 / 24 NA 0.32 9.86 3.291 0.604 1.553 3.025 4.335 5.488
Oxidation Reduction Potential mV 24 / 24 NA ‐63 241 134.6 46 110.5 146.5 177 198.3

Total Number of Analyses: 936

Constituents Listed in Appendix III (Detection Monitoring) of the CCR Rule (b)

Constituents Listed in Appendix IV (Assessment Monitoring) of the CCR Rule (c)

Constituents Not Identified in the CCR Rule

Frequency of 

Detection (a)

Frequency of 

Detection 

Percent

Range of Detected 

Concentrations

Mean 

Detect

10th 

Percentile

25th 

Percentile
Median

75th 

Percentile

90th 

Percentile

Haley & Aldrich, Inc.
Table 5_2016‐04‐DEQ Bkg Well Statistical Summary.xlsx APRIL 2016



Page 2 of 2

Table 5
Statistical Summary of NCDEQ‐Sampled Background Water Supply Well Data
Water Supply Well Evaluation

Duke Energy
April 2016

Notes:

°C ‐ Degrees Celsius. CCR ‐ Coal Combustion Residual.
mg/L ‐ milligrams/liter. DENR ‐ Department of Environment and Natural Resources.
mV ‐ millivolts. DEQ ‐ Department of Environmental Quality.
NTU ‐ Nephelometric Turbidity Units. NC ‐ North Carolina.
su ‐ standard units.
ug/L ‐ micrograms/liter.
umhos/cm ‐ micromhos/centimeter.

(a) ‐ Frequency of Detection: number of detects / total number of results.
(b) ‐ The CCR Rule (FR80(74):21302‐21501; April 17, 2015) lists these constituents as Constituents for Detection Monitoring (Appendix III).  
         http://www.gpo.gov/fdsys/pkg/FR‐2015‐04‐17/pdf/2015‐00257.pdf
(c) ‐ The CCR Rule lists these constituents as Constituents for Assessment Monitoring (Appendix IV).

Haley & Aldrich, Inc.
Table 5_2016‐04‐DEQ Bkg Well Statistical Summary.xlsx APRIL 2016
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Table 6
Summary of NCDEQ‐Sampled Background Water Supply Well Data Screening
Water Supply Well Evaluation

Duke Energy
April 2016

Constituents Units 2L (a) DHHS (b) MCL (c) RSL (d) 2L (a) DHHS (b) MCL (c) RSL (d)

Constituents Listed in Appendix III (Detection Monitoring) of the CCR Rule (e)
Boron ug/L 6 / 24 25% 5.3 ‐ 135 0 0 ‐‐ 0 0 0 ‐‐ 0 6
Calcium ug/L 24 / 24 100% 1,680 ‐ 74,200 ‐‐ ‐‐ ‐‐ ‐‐ ‐ ‐‐ ‐‐ ‐‐ ‐‐
Chloride mg/L 24 / 24 100% 1.6 ‐ 38 0 0 0 ‐‐ 0 0 0 ‐‐ 24
pH su 24 / 24 100% 5.15 ‐ 7.85 12 ‐‐ 12 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐
Sulfate mg/L 17 / 24 71% 2.1 ‐ 186 0 0 0 ‐‐ 0 0 0 ‐‐ 17
Total Dissolved Solids mg/L 23 / 24 96% 51 ‐ 373 0 ‐‐ 0 ‐‐ 0 ‐‐ 0 ‐‐ 23

Antimony ug/L 0 / 24 0% NA 0 0 0 0 0 0 0 0 0
Arsenic ug/L 2 / 24 8% 4.4 ‐ 4.4 0 0 0 2 0 0 0 22 0
Barium ug/L 24 / 24 100% 0.89 ‐ 77.3 0 0 0 0 0 0 0 0 24
Beryllium ug/L 0 / 24 0% NA 0 0 0 0 0 0 0 0 0
Cadmium ug/L 0 / 24 0% NA 0 0 0 0 0 0 0 0 0
Chromium ug/L 18 / 24 75% 0.51 ‐ 5 0 0 0 0 0 0 0 0 18
Cobalt ug/L 0 / 24 0% NA 0 0 ‐‐ 0 0 0 ‐‐ 0 0
Lead ug/L 18 / 24 75% 0.12 ‐ 3.2 0 0 0 0 0 0 0 0 18
Mercury ug/L 0 / 24 0% NA 0 0 0 0 0 0 0 0 0
Molybdenum ug/L 6 / 24 25% 0.58 ‐ 4.9 ‐‐ 0 ‐‐ 0 ‐‐ 0 ‐‐ 0 6
Selenium ug/L 2 / 24 8% 0.52 ‐ 0.72 0 0 0 0 0 0 0 0 2
Thallium ug/L 0 / 24 0% NA 0 0 0 0 0 0 0 0 0

Vanadium ug/L 19 / 24 79% 1 ‐ 23.7 19 19 ‐‐ 0 5 5 ‐‐ 0 0
Aluminum ug/L 5 / 24 21% 12.1 ‐ 213 ‐‐ 0 3 0 ‐‐ 0 0 0 2
Copper mg/L 21 / 24 88% 0.001 ‐ 0.0161 0 0 0 0 0 0 0 0 21
Iron ug/L 6 / 24 25% 57.5 ‐ 1,340 1 0 1 0 0 0 0 0 5
Hexavalent Chromium ug/L 12 / 24 50% 0.14 ‐ 4.5 ‐‐ 12 ‐‐ 0 ‐‐ 11 ‐‐ 0 0
Magnesium ug/L 24 / 24 100% 808 ‐ 28,800 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐
Manganese ug/L 16 / 24 67% 0.5 ‐ 271 0 1 0 0 0 0 0 0 15
Nickel ug/L 6 / 24 25% 0.53 ‐ 1.8 0 0 ‐‐ 0 0 0 ‐‐ 0 6
Potassium ug/L 24 / 24 100% 265 ‐ 3,450 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐
Sodium ug/L 24 / 24 100% 4,610 ‐ 29,900 ‐‐ 3 ‐‐ ‐‐ ‐‐ 0 ‐‐ ‐‐ 21
Strontium ug/L 24 / 24 100% 12.2 ‐ 1150 ‐‐ 0 ‐‐ 0 ‐‐ 0 ‐‐ 0 24
Zinc mg/L 17 / 24 71% 0.0051 ‐ 0.147 0 0 0 0 0 0 0 0 17
Alkalinity mg/L 24 / 24 100% 7.4 ‐ 226 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐
Bicarbonate mg/L 23 / 24 96% 7.4 ‐ 226 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐
Carbonate mg/L 0 / 24 0% NA ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐
Total Suspended Solids mg/L 4 / 24 17% 4.2 ‐ 20.6 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐
Turbidity NTU 4 / 24 17% 2 ‐ 10.6 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐
Temperature °C 24 / 24 NA 15.25 ‐ 17.68 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐
Specific Conductance umhos/cm 24 / 24 NA 0.053 ‐ 0.9 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐
Dissolved Oxygen mg/L 24 / 24 NA 0.32 ‐ 9.86 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐
Oxidation Reduction Potential mV 24 / 24 NA ‐63 ‐ 241 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐

Total Number of Analyses: 936 Total Number of Exceedances: 32 35 16 2 5 16 0 22 249

Constituents Listed in Appendix IV (Assessment Monitoring) of the CCR Rule (f)

Constituents Not Identified in the CCR Rule

Frequency of 

Detection (g)

Range of Detected 

Concentrations

Frequency Detected Above: Frequency of Reporting Limits Above: Frequency of 

Detects Below All 

Screening Levels

Frequency of 

Detection 

Percent
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Table 6
Summary of NCDEQ‐Sampled Background Water Supply Well Data Screening
Water Supply Well Evaluation

Duke Energy
April 2016

Notes:

°C ‐ Degrees Celsius.
mg/L ‐ milligrams/liter. CCR ‐ Coal Combustion Residual. MCL ‐ Maximum Contaminant Level.
mV ‐ millivolts. DENR ‐ Department of Environment and Natural Resources. NC ‐ North Carolina.
NTU ‐ Nephelometric Turbidity Units. DEQ ‐ Department of Environmental Quality. RSL ‐ Risk Based Screening Level.
su ‐ standard units. DHHS ‐ Department of Health and Human Services. SMCL  ‐ Secondary Maximum Contaminant Level.  
ug/L ‐ micrograms/liter. HI ‐ Hazard Index. USEPA ‐ United States Environmental Protection Agency.
umhos/cm ‐ micromhos/centimeter. IMAC ‐ Interim Maximum Allowable Concentration. ‐‐ ‐ No Standard Available.

(a) ‐ Classifications and Water Quality Standards Applicable to Groundwaters of North Carolina.  North Carolina Administrative Code.  April 1, 2013.  
        http://portal.ncdenr.org/web/wq/ps/csu/gwstandards
(b) ‐ DHHS Screening Levels.  Department of Health and Human Services, Division of Public Health, Epidemiology Section, Occupational and Environmental 
        Epidemiology Branch.  http://portal.ncdenr.org/c/document_library/get_file?p_l_id=1169848&folderId=24814087&name=DLFE‐112704.pdf
(c) ‐ USEPA 2012 Edition of the Drinking Water Standards and Health Advisories.  Spring 2012.  
        http://water.epa.gov/drink/contaminants/index.cfm
(d) ‐ USEPA Risk Based Screening Levels (November 2015).  Values for tap water.  HI = 1.
        http://www.epa.gov/reg3hwmd/risk/human/rb‐concentration_table/Generic_Tables/index.htm
(e) ‐ The CCR Rule (FR80(74):21302‐21501; April 17, 2015) lists these constituents as Constituents for Detection Monitoring (Appendix III).  
         http://www.gpo.gov/fdsys/pkg/FR‐2015‐04‐17/pdf/2015‐00257.pdf
(f) ‐ The CCR Rule lists these constituents as Constituents for Assessment Monitoring (Appendix IV).
(g) ‐ Frequency of Detection: number of detects / total number of results.

Haley & Aldrich, Inc.
Table 6_2016‐04‐DEQ Bkg Well Screen Summary.xlsx APRIL 2016
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Table 7
Statistical Summary of Duke Energy‐Sampled Background Water Supply Well Data
Water Supply Well Evaluation

Duke Energy
April 2016

Constituents Units

Constituents Listed in Appendix III (Detection Monitoring) of the CCR Rule (b)
Boron ug/L 39 / 198 20% 5.1 ‐ 928 96.69 5 5.6 50 50 50

Calcium ug/L 198 / 198 100% 14 ‐ 195,000 22,946 3,273 7,485 13,750 29,975 53,360

Chloride mg/L 66 / 66 100% 0.62 ‐ 290 24.39 1.6 2.9 6.3 12.5 31.5

pH su 65 / 65 100% 4.54 ‐ 11.7 7.245 6.508 6.9 7.31 7.73 8.06

Sulfate mg/L 63 / 66 95% 0.26 ‐ 170 11.17 0.43 1.325 5.2 12.75 19.5

Total Dissolved Solids mg/L 50 / 50 100% 42 ‐ 760 198.4 65.5 96.25 140 200 439

Constituents Listed in Appendix IV (Assessment Monitoring) of the CCR Rule (c)
Antimony ug/L 100 / 198 51% 0.5 ‐ 1.5 0.976 0.551 0.94 1 1.035 1.15

Arsenic ug/L 27 / 198 14% 0.52 ‐ 14.1 2.65 0.5 0.5 1 1 1.003

Barium ug/L 176 / 198 89% 0.47 ‐ 486 47.89 5 6.2 20 57.5 116.9

Beryllium ug/L 7 / 198 4% 0.2 ‐ 0.5 0.349 0.2 0.2 1 1 1

Cadmium ug/L 8 / 198 4% 0.01 ‐ 1.17 0.284 0.08 0.08 1 1 1

Chromium ug/L 32 / 198 16% 0.5 ‐ 157 11.28 0.5 0.5 5 5 5

Cobalt ug/L 21 / 198 11% 0.58 ‐ 25.9 3.47 0.5 0.5 1 1 1

Lead ug/L 113 / 198 57% 0.12 ‐ 73.2 3.009 0.2 0.643 1 1.303 3.09

Mercury ug/L 1 / 198 1% 0.27 ‐ 0.27 0.27 0.05 0.05 0.05 0.2 0.2

Molybdenum ug/L 49 / 198 25% 0.52 ‐ 10.8 2.438 0.5 0.5 1 1 1.891

Selenium ug/L 10 / 198 5% 0.59 ‐ 1.7 1.188 0.5 0.5 1 1 1

Thallium ug/L 3 / 198 2% 0.18 ‐ 0.554 0.363 0.1 0.1 0.2 0.2 0.2

Constituents Not Identified in the CCR Rule
Vanadium ug/L 107 / 198 54% 0.318 ‐ 112 6.035 0.3 0.471 1 2.638 8.782

Aluminum ug/L 98 / 198 49% 5 ‐ 32,200 725.6 5 6 10 21.75 79.02

Copper mg/L 131 / 198 66% 0.0011 ‐ 0.992 0.0445 0.00227 0.005 0.005 0.0214 0.0619

Iron ug/L 131 / 198 66% 10 ‐ 45,000 1,410 10 18.25 50 300.8 2,059

Hexavalent Chromium ug/L 72 / 128 56% 0.033 ‐ 73.5 1.656 0.03 0.03 0.115 0.6 1.29

Magnesium ug/L 197 / 198 99% 14.2 ‐ 46,300 5,244 800.6 1,868 3,520 5,928 11,880

Manganese ug/L 130 / 198 66% 0.56 ‐ 4,820 124.9 2.37 5 7 34.53 103.7

Nickel ug/L 39 / 198 20% 0.53 ‐ 380 14.02 0.5 0.575 5 5 5

Potassium ug/L 198 / 198 100% 123 ‐ 32,700 2,344 535.5 1,113 1,720 2,518 3,912

Sodium ug/L 198 / 198 100% 763 ‐ 200,000 15,777 4,377 5,960 8,460 11,775 21,450

Strontium ug/L 193 / 194 99% 0.88 ‐ 2,210 175.2 26.39 55.35 107 190 354.8

Zinc ug/L 155 / 198 78% 5 ‐ 2,990 143.7 5 6 16.35 61.65 233.9

Alkalinity mg/L NA NA NA NA NA NA NA NA NA
Bicarbonate mg/L NA NA NA NA NA NA NA NA NA
Carbonate mg/L NA NA NA NA NA NA NA NA NA
Total Suspended Solids mg/L 8 / 72 11% 5 ‐ 970 135.3 5 5 5 5 5
Turbidity NTU NA NA NA NA NA NA NA NA NA
Temperature °C NA NA NA NA NA NA NA NA NA
Specific Conductance umhos/cm NA NA NA NA NA NA NA NA NA
Dissolved Oxygen mg/L NA NA NA NA NA NA NA NA NA
Oxidation Reduction Potential mV NA NA NA NA NA NA NA NA NA

Total Number of Analyses: 5,393

50th 

Percentile

75th 

Percentile

90th 

Percentile

Frequency of 

Detection (a)

Frequency of 

Detection 

Percent

Range of Detected 

Concentrations

Mean 

Detect

10th 

Percentile

25th 

Percentile
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Table 7
Statistical Summary of Duke Energy‐Sampled Background Water Supply Well Data
Water Supply Well Evaluation

Duke Energy
April 2016

Notes:

°C ‐ Degrees Celsius. BTV ‐ Background Threshold Value. KM ‐ Kaplan‐Meier
mg/L ‐ milligrams/liter. CCR ‐ Coal Combustion Residual. MCL ‐ Maximum Contaminant Level.
mV ‐ millivolts. DENR ‐ Department of Environment and Natural Resources. NC ‐ North Carolina.
NTU ‐ Nephelometric Turbidity Units. DEQ ‐ Department of Environmental Quality. RSL ‐ Risk Based Screening Level.
su ‐ standard units. DHHS ‐ Department of Health and Human Services. SMCL  ‐ Secondary Maximum Contaminant Level.  
ug/L ‐ micrograms/liter. HI ‐ Hazard Index. USEPA ‐ United States Environmental Protection Agency.
umhos/cm ‐ micromhos/centimeter. IMAC ‐ Interim Maximum Allowable Concentration. USL ‐ Upper Simultaneous Limit

WH ‐ Wilson Hilferty.

(a) ‐ Frequency of Detection: number of detects / total number of results.
(b) ‐ The CCR Rule (FR80(74):21302‐21501; April 17, 2015) lists these constituents as Constituents for Detection Monitoring (Appendix III).  
         http://www.gpo.gov/fdsys/pkg/FR‐2015‐04‐17/pdf/2015‐00257.pdf
(c) ‐ The CCR Rule lists these constituents as Constituents for Assessment Monitoring (Appendix IV).

Haley & Aldrich, Inc.
Table 7_2016‐04‐Duke Bkg Well Statistical Summary.xlsx APRIL 2016



Page 1 of 2

Table 8
Summary of Duke Energy‐Sampled Background Water Supply Well Data Screening
Water Supply Well Evaluation

Duke Energy
April 2016

Constituents Units 2L (a) DHHS (b) MCL (c) RSL (d) 2L (a) DHHS (b) MCL (c) RSL (d)

Constituents Listed in Appendix III (Detection Monitoring) of the CCR Rule (e
Boron ug/L 39 / 198 20% 5.1 ‐ 928 1 1 ‐‐ 0 0 0 ‐‐ 0 38

Calcium ug/L 198 / 198 100% 14 ‐ 195,000 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐
Chloride mg/L 66 / 66 100% 0.62 ‐ 290 2 2 2 ‐‐ 0 0 0 ‐‐ 64

pH su 65 / 65 100% 4.54 ‐ 11.7 7 ‐‐ 7 ‐‐ 0 ‐‐ 0 ‐‐ 58

Sulfate mg/L 63 / 66 95% 0.26 ‐ 170 0 0 0 ‐‐ 0 0 0 ‐‐ 63

Total Dissolved Solids mg/L 50 / 50 100% 42 ‐ 760 5 ‐‐ 5 ‐‐ 0 ‐‐ 0 ‐‐ 45

Constituents Listed in Appendix IV (Assessment Monitoring) of the CCR Rule (f
Antimony ug/L 100 / 198 51% 0.5 ‐ 1.5 51 51 0 0 0 0 0 0 49

Arsenic ug/L 27 / 198 14% 0.52 ‐ 14.1 1 1 1 27 0 0 0 171 0

Barium ug/L 176 / 198 89% 0.47 ‐ 486 0 0 0 0 0 0 0 0 176

Beryllium ug/L 7 / 198 4% 0.2 ‐ 0.5 0 0 0 0 0 0 0 0 7

Cadmium ug/L 8 / 198 4% 0.01 ‐ 1.17 0 0 0 0 0 0 0 0 8

Chromium ug/L 32 / 198 16% 0.5 ‐ 157 3 3 2 0 0 0 0 0 29

Cobalt ug/L 21 / 198 11% 0.58 ‐ 25.9 15 15 ‐‐ 2 0 0 ‐‐ 0 6

Lead ug/L 113 / 198 57% 0.12 ‐ 73.2 5 5 5 5 0 0 0 0 108

Mercury ug/L 1 / 198 1% 0.27 ‐ 0.27 0 0 0 0 0 0 0 0 1

Molybdenum ug/L 49 / 198 25% 0.52 ‐ 10.8 ‐‐ 0 ‐‐ 0 ‐‐ 0 ‐‐ 0 49

Selenium ug/L 10 / 198 5% 0.59 ‐ 1.7 0 0 0 0 0 0 0 0 10

Thallium ug/L 3 / 198 2% 0.18 ‐ 0.554 2 2 0 2 0 0 0 0 1

Constituents Not Identified in the CCR Rule
Vanadium ug/L 107 / 198 54% 0.318 ‐ 112 107 107 ‐‐ 1 52 52 ‐‐ 0 0

Aluminum ug/L 98 / 198 49% 5 ‐ 32,200 ‐‐ 3 31 2 ‐‐ 0 0 0 67

Copper mg/L 131 / 198 66% 0.0011 ‐ 0.992 0 0 0 1 0 0 0 0 130

Iron ug/L 131 / 198 66% 10 ‐ 45,000 50 16 50 2 0 0 0 0 81

Hexavalent Chromium ug/L 72 / 128 56% 0.033 ‐ 73.5 ‐‐ 61 ‐‐ 1 ‐‐ 13 ‐‐ 0 11

Magnesium ug/L 197 / 198 99% 14.2 ‐ 46,300 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐
Manganese ug/L 130 / 198 66% 0.56 ‐ 4,820 40 13 40 7 0 0 0 0 90

Nickel ug/L 39 / 198 20% 0.53 ‐ 380 1 1 ‐‐ 0 0 0 ‐‐ 0 38

Potassium ug/L 198 / 198 100% 123 ‐ 32,700 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐
Sodium ug/L 198 / 198 100% 763 ‐ 200,000 ‐‐ 24 ‐‐ ‐‐ ‐‐ 0 ‐‐ ‐‐ 174

Strontium ug/L 193 / 194 99% 0.88 ‐ 2,210 ‐‐ 1 ‐‐ 0 ‐‐ 0 ‐‐ 0 192

Zinc ug/L 155 / 198 78% 5 ‐ 2,990 5 5 0 0 0 0 0 0 150

Alkalinity mg/L NA NA NA ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐
Bicarbonate mg/L NA NA NA ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐
Carbonate mg/L NA NA NA ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐
Total Suspended Solids mg/L 8 / 72 11% 5 ‐ 970 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐
Turbidity NTU NA NA NA ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐
Temperature °C NA NA NA ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐
Specific Conductance umhos/cm NA NA NA ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐
Dissolved Oxygen mg/L NA NA NA ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐
Oxidation Reduction Potential mV NA NA NA ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐

Total Number of Analyses: 5,393 Total Number of Exceedances: 295 311 143 50 52 65 0 171 1,645

Frequency of 

Detection (g)

Range of Detected 

Concentrations

Frequency Detected Above: Frequency of Reporting Limits Above: Frequency of 

Detects Below All 

Screening Levels

Frequency of 

Detection 

Percent
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Table 8
Summary of Duke Energy‐Sampled Background Water Supply Well Data Screening
Water Supply Well Evaluation

Duke Energy
April 2016

Notes:

°C ‐ Degrees Celsius. BTV ‐ Background Threshold Value. KM ‐ Kaplan‐Meier.
mg/L ‐ milligrams/liter. CCR ‐ Coal Combustion Residual. MCL ‐ Maximum Contaminant Level.
mV ‐ millivolts. DENR ‐ Department of Environment and Natural Resources. NC ‐ North Carolina.
NTU ‐ Nephelometric Turbidity Units. DEQ ‐ Department of Environmental Quality. RSL ‐ Risk Based Screening Level.
su ‐ standard units. DHHS ‐ Department of Health and Human Services. SMCL  ‐ Secondary Maximum Contaminant Level.  
ug/L ‐ micrograms/liter. HI ‐ Hazard Index. USEPA ‐ United State‐‐ ‐ No Standard Available.
umhos/cm ‐ micromhos/centimeter. IMAC ‐ Interim Maximum Allowable Concentration. ‐‐ ‐ No Standard Available.

(a) ‐ Classifications and Water Quality Standards Applicable to Groundwaters of North Carolina.  North Carolina Administrative Code.  April 1, 2013. 
        http://portal.ncdenr.org/web/wq/ps/csu/gwstandards
(b) ‐ DHHS Screening Levels.  Department of Health and Human Services, Division of Public Health, Epidemiology Section, Occupational and Environmenta
        Epidemiology Branch.  http://portal.ncdenr.org/c/document_library/get_file?p_l_id=1169848&folderId=24814087&name=DLFE‐112704.pd
(c) ‐ USEPA 2012 Edition of the Drinking Water Standards and Health Advisories.  Spring 2012. 
        http://water.epa.gov/drink/contaminants/index.cfm
(d) ‐ USEPA Risk Based Screening Levels (November 2015).  Values for tap water.  HI = 1.
        http://www.epa.gov/reg3hwmd/risk/human/rb‐concentration_table/Generic_Tables/index.htm
(e) ‐ The CCR Rule (FR80(74):21302‐21501; April 17, 2015) lists these constituents as Constituents for Detection Monitoring (Appendix III).
         http://www.gpo.gov/fdsys/pkg/FR‐2015‐04‐17/pdf/2015‐00257.pdf
(f) ‐ The CCR Rule lists these constituents as Constituents for Assessment Monitoring (Appendix IV)
(g) ‐ Frequency of Detection: number of detects / total number of results

Haley & Aldrich, Inc.
Table 8_2016‐04‐Duke Bkg Well Screen Summary.xlsx APRIL 2016
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Table 9
Summary of Available Background Data for Groundwater
Water Supply Well Evaluation

Duke Energy
April 2016

Constituents Units

USGS (c)

1992‐2003

10th Percentile

USGS (c)

1992‐2003

25th Percentile

USGS (c)

1992‐2003

Median

USGS (c)

1992‐2003

75th Percentile

USGS (c)

1992‐2003

90th Percentile

USGS (c)

1992‐2003

Maximum

NC Private Well Water 

Range of County 

Averages 

1998‐2010 (d)

NC Private Well Water 

Range of County 

Averages 

2010 (d)
Boron ug/L 8.5 17 35 82 220 3400 NA NA
Calcium ug/L NA NA NA NA NA NA NA NA
Chloride mg/L NA NA NA NA NA NA NA NA
pH su NA NA NA NA NA NA 5.36 ‐ 8.32 5.02 ‐ 8.36
Sulfate mg/L NA NA NA NA NA NA NA NA
Total Dissolved Solids mg/L NA NA NA NA NA NA NA NA
Antimony ug/L < 1 < 1 < 1 < 1 < 1 6.3 NA NA
Arsenic ug/L 0.079 0.23 0.79 3.0 7.4 550 0.83 ‐ 10 2.44 ‐ 13.06
Barium ug/L 9.0 24 54 120 220 5100 50.00 ‐ 1,607.60 50.00 ‐ 3,351.22
Beryllium ug/L < 1 < 1 < 1 < 1 < 1 18 NA NA
Cadmium ug/L < 1 < 1 < 1 < 1 < 1 16 0.50 ‐ 5.00 0.49 ‐ 5.00
Chromium ug/L 0.41 0.68 1.2 3.0 5.2 150 4.88 ‐ 713.60 0.49 ‐ 100.00
Cobalt ug/L 0.026 0.063 0.17 0.48 1.1 680 NA NA
Lead ug/L 0.005 0.018 0.070 0.27 1.0 480 2.5 ‐ 104.83 2.44 ‐ 105.39
Mercury ug/L NA NA NA NA NA NA 0.25 ‐ 2.00 0.25 ‐ 2.0
Molybdenum ug/L 0.13 0.32 1.0 3.3 8.0 4700 NA NA
Selenium ug/L 0.04 0.12 0.34 1.0 3.0 94 2.38 ‐ 100.00 2.44 ‐ 100.00
Thallium ug/L < 1 < 1 < 1 < 1 < 1 < 1 NA NA
Vanadium ug/L 0.11 0.295 1.4 11 27 190 NA NA
Aluminum ug/L 0.43 0.98 3.0 4.9 11 1100 NA NA
Copper mg/L 0.00020 0.00047 0.0010 0.0030 0.0085 2.0 0.025 ‐ 9.62092 0.025 ‐ 81.74479
Iron ug/L 0.095 0.81 7.9 93 1500 81000 228.24 ‐ 125,698.66 50.00 ‐ 1,100,356.35
Hexavalent Chromium ug/L NA NA NA NA NA NA NA NA
Magnesium ug/L NA NA NA NA NA NA 50.00 ‐ 40,031.32 50.00 ‐ 137,878.48
Manganese ug/L 0.14 0.85 7.0 84 360 28000 19.51 ‐ 209.54 15.00 ‐ 281.71
Nickel ug/L 0.15 0.35 1.1 2.5 4.9 670 NA NA
Potassium ug/L NA NA NA NA NA NA NA NA
Sodium ug/L NA NA NA NA NA NA 4,500 ‐ 102,484 1 ‐ 20,000
Strontium ug/L 46 100 270 680 1700 44000 NA NA
Zinc mg/L 0.00043 0.0016 0.0048 0.018 0.069 3.3 0.03182 ‐ 10.00 0.025 ‐ 10.00
Alkalinity mg/L NA NA NA NA NA NA NA NA
Bicarbonate mg/L NA NA NA NA NA NA NA NA
Carbonate mg/L NA NA NA NA NA NA NA NA
Total Suspended Solids mg/L NA NA NA NA NA NA NA NA
Turbidity NTU NA NA NA NA NA NA NA NA
Temperature °C NA NA NA NA NA NA NA NA
Specific Conductance umhos/cm NA NA NA NA NA NA NA NA
Dissolved Oxygen mg/L NA NA NA NA NA NA NA NA
Oxidation Reduction Potential mV NA NA NA NA NA NA NA NA

Notes:

°C ‐ Degrees Celsius. CCR ‐ Coal Combustion Residual.
mg/L ‐ milligrams/liter. DEQ ‐ Department of Environmental Quality.
mV ‐ millivolts. DHHS ‐ Department of Health and Human Services.
NTU ‐ Nephelometric Turbidity Units. HI ‐ Hazard Index.
su ‐ Standard units. NA ‐ Not Available.
ug/L ‐ micrograms/liter. NC ‐ North Carolina.
umhos/cm ‐ micromhos/centimeter. USGS ‐ United States Geological Survey.

(a) ‐ The CCR Rule lists these constituents as Constituents for Detection Monitoring (Appendix III).
         http://www.gpo.gov/fdsys/pkg/FR‐2015‐04‐17/pdf/2015‐00257.pdf
(b) ‐ The CCR Rule lists these constituents as Constituents for Assessment Monitoring (Appendix IV).
(c) ‐ Trace Elements and Radon in Groundwater Across the United States, 1992–2003.  USGS, 2011.  Scientific Investigations Report 2011–5059.
        http://water.usgs.gov/nawqa/trace/pubs/sir2011‐5059/
(d) ‐ North Carolina Public Health – Epidemiology ‐ Well Water & Health ‐ Maps by Contaminant Name
        http://epi.publichealth.nc.gov/oee/wellwater/by_contaminant.html 

Constituents Not 
Identified in the 

CCR Rule

Appendix III (a)

Appendix IV (b)

North Carolina Private WellsUSGS

Haley & Aldrich, Inc.
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Table 10
Comparison of Background Threshold Values
Water Supply Well Evaluation
Duke Energy
April 2016

Constituent Units

Regional 

BTVs

Facility‐

Specific BTVs

Regional 

BTVs

Facility‐

Specific BTVs

Regional 

BTVs

Facility‐

Specific BTVs

Regional 

BTVs

Facility‐

Specific BTVs

Regional 

BTVs

Facility‐

Specific BTVs

Regional 

BTVs

Facility‐

Specific BTVs

Regional 

BTVs

Facility‐

Specific BTVs

Barium ug/L 103.1 99 126.8 16.98 56.09 87 112.9 36 208.3 890 83.03 132.9 126.8 349
Boron ug/L 10.12 30 50 37 6 54.02 50 59.7 67.25 29 12.6 65 9 50
Chloride ug/L NA NA NA NA NA NA NA NA NA NA NA NA NA 130000
Chromium ug/L NA NA NA NA NA NA NA NA 5.253 10.61 NA NA NA NA
Cobalt ug/L 1 1.913 0.6 1.167 1 0.395 4.751 4.74 1.33 4.48 1 1.08 3.6 14.41
Hexavalent Chromium ug/L 4.539 34.3 2.2 0.766 2.554 0.761 0.27 1.517 3.304 11 1.646 13.6 0.65 4.401
Iron ug/L 260.9 2334 610.9 1022 334 257.8 12836 3801 3920 1000 537.6 3780 6862 5368
Lead ug/L 1.462 3.271 29.57 1.15 2.617 0.167 NA NA 4.022 0.28 4.078 4.694 16.4 0.11
Manganese ug/L NA NA NA NA 66.4 5.799 173.2 134.1 NA NA NA NA 952.1 1220
Nickel ug/L 7.416 14.8 3 4.838 2.678 1.566 7 13.2 3.681 9 2.512 2.073 380 17.9
Sodium ug/L NA NA NA NA 21695 80400 NA NA NA NA NA NA NA NA
Sulfate mg/L NA NA NA NA 33.46 105000 NA NA NA NA NA NA NA NA
Thallium ug/L 0.2 0.346 NA NA NA NA NA NA NA NA NA NA NA NA
Vanadium ug/L 20.27 24.3 3.606 9 16.77 167 6.337 19.77 14.7 23.8 11.22 11.4 7.351 19.26
Zinc mg/L NA NA NA NA 0.491 26 NA NA NA NA NA NA NA NA

Notes:

BTV ‐ Background Threshold Value.
mg/L ‐ milligrams/liter.
NA ‐ Not available/Not applicable.
ug/L ‐ micrograms/liter.

See Appendices for additional BTV information.

Mayo RoxboroAllen Belews Creek Buck Cliffside Marshall

Haley & Aldrich, Inc.
Table 10_2016_0417_Summary of BTVs.xlsx April 2016



#I

#I

#I

#I

#I

&(

NORTH
CAROLINA

SOUTH
CAROLINA

VIRGINIA

TENNESSEE

GEORGIA

MARSHALL
TERELL, NC

ALLEN
BELMONT, NC

BELEWS CREEK
BELEWS CREEK, NC

BUCK
SALISBURY, NC

CLIFFSIDE*
MOORESBORO, NC

ROXBORO*
SEMORA, NC

MAYO
ROXBORO, NCDAN RIVER

EDEN, NC

ASHEVILLE
ARDEN, NC

RIVERBEND
MT HOLLY, NC

W.H. WEATHERSPOON
LUMBERTON, NC

CAPE FEAR
MONCLURE, NC

H.F. LEE
GOLDSBORO, NC

L.V. SUTTON
WILMINGTON, NC

WATER SUP P LY WELL EVALUATION
DUKE ENERGY

NORTH CAROLINA DEP ARTMENT OF
ENVIRONMENTAL QUALITY: DRAFT
ASH BASIN RISK CLASSIFICATION

FIGURE 1
SCALE: AS SHOWN
AP RIL 2016

DRAFT ASH BASIN RISK CLASSIFICATION
HIGH

INTERMEDIATE

#I LOW TO INTERMEDIATE

&( LOW

GI
S 
FIL
E 
PA
TH
: \\
bo
s\c
om
mo
n\4
32
39
_D
uk
eE
ne
rgy
\G
lob
al\
GI
S\
Ma
ps
\20
16
_0
4\4
32
39
_0
00
_0
00
0_
RI
SK
_C
LA
SS
IFI
CA
TIO
N.
mx
d  
―
 U
SE
R:
 cr
au
ma
nn
 ―
 LA
ST
 S
AV
ED
: 4
/14
/20
16
 2:
21
:39
 P
M

0 25 50
SCALE IN MILESPRIVILEGED & CONFIDENTIAL — ATTORNEY-CLIENT

COMMUNICATION — ATTORNEY WORK PRODUCT —
DO NOT DISTRIBUTE WITHOUT APPROVAL OF COUNSEL

NOTES
1. * DENOTES FACILITY HAS MORE THAN ONE CLASSIFICATION:
ROXBORO: INTERMEDIATE, LOW TO INTERMEDIATE, AND LOW
CLIFFSIDE: LOW TO INTERMEDIATE, AND LOW
2. SOURCE: NCDEQ. COAL COMBUSTION RESIDUAL IMP OUNDMENT
RISK CLASSIFICATIONS. JANUARY 2016. AVAILABLE AT:
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WATER SUPPLY WELL EVALUATION 
DUKE ENERGY

APRIL 2016 FIGURE 2

EXAMPLE BOX PLOT 
AND PIPER PLOT

AI — AUTHOR: GRANT BOWEN — OFFICE: PHX 

NOTES

1. BOX PLOT EXPLANATION DIAGRAM ADOPTED FROM 
HTTP://SITES.GOOGLE.COM/SITE/DAVIDSSTATISTICS/HOME/
NOTCHED-BOX-PLOTS.

2. PIPER PLOT ADOPTED FROM CSA REPORT FOR
ALLEN STEAM STATION BY HDR.

Panel (a): Example Box Plot Panel (b): Example Piper Plot
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