
   

  
 

   
  FGD Residue Landfill 

Permit No. 8505   

Supplemental Groundwater 
Assessment 
Belews Creek Steam Station 

June 4, 2014 

 
 

 

 

 

   

 





Duke Energy Carolinas, LLC | Supplemental Groundwater Assessment 
TABLE OF CONTENTS  

 

i 

Table of Contents 
 Page 

 

Table of Contents ......................................................................................................................... i 

List of Figures ............................................................................................................................. ii 

List of Tables .............................................................................................................................. ii 

Section 1 – Introduction ............................................................................................................. 1 

Section 2 – Background ............................................................................................................. 3 

2.1 Site and FGD Residue Landfill Description .............................................................. 3 

2.2 Site Geology and Hydrogeology .............................................................................. 4 

2.3 Description of Monitoring System ............................................................................ 4 

2.4 Site Groundwater Flow ............................................................................................ 5 

2.5 Groundwater Quality Monitoring .............................................................................. 5 

Section 3 – Supplemental Groundwater Assessment ................................................................. 6 

3.1 Installation of Monitoring Well BC-32 ....................................................................... 6 

3.2 Analytical Results .................................................................................................... 7 

3.3 Semi-Annual Sampling of Monitoring Wells and Surface Water Sample Location ... 7 

3.4 Analytical Results .................................................................................................... 7 

3.4.1 Analytical Results from August 19, 2013, Sampling Event ........................... 7 

3.4.2 Analytical Results from Semi-Annual Sampling Events ................................ 7 

3.5 Groundwater Flow Direction .................................................................................... 8 

3.6 Groundwater Quality Exceedances - Sulfate ........................................................... 8 

3.7 Groundwater Quality Exceedances – Total Dissolved Solids ................................... 9 

3.8 Groundwater Quality Exceedances – Selenium ......................................................10 

Section 4 – Landfill Operations .................................................................................................11 

Section 5 – Possible Sources of Exceedances..........................................................................12 

5.1 Leachate Leaking Through the Engineered Liner System ......................................12 

5.2 Gypsum Deposited onto the Ground Surface Infiltrating into Groundwater .............13 

Section 6 – Conclusions and Recommendations ......................................................................15 

6.1 Conclusions- Sulfate, TDS, and Selenium Exceedances ........................................15 

6.2 Recommendations .................................................................................................16 

Section 7 – References .............................................................................................................17 



Duke Energy Carolinas, LLC | Supplemental Groundwater Assessment 
                                                                                                                                 TABLE OF CONTENTS  

 

ii 

 

APPENDICES  

APPENDIX A – Letter from North Carolina Department of Environment and Natural 
Resources.  November 9, 2011.  To Ed Sullivan, P.E., Duke Energy.  DOC 
ID 15487. 

APPENDIX B – Letter from North Carolina Department of Environment and Natural 
Resources.  November 28, 2012.  To Ed Sullivan, P.E., Duke Energy.  DOC 
ID 17761. 

APPENDIX C – Groundwater Monitoring Well BC-32 Installation Report, FGD Residue 
Landfill Compliance Network, Duke Energy Belews Creek Steam Station.  
S&ME Project No. 1584-13-075, September 17, 2013. 

 

List of Figures 
1. Site Location Map 
2. Sample Locations 
3. Generalized Groundwater Surface Contours - May 2013 
4. Generalized Groundwater Surface Contours – November 2013 
5. Sulfate Concentrations– BC-20, BC-21, BC-25, BC-26, and BC-32 
6. TDS Concentrations– BC-20, BC-21, BC-25, BC-26, and BC-32 
7. Sulfate and TDS Concentrations – BC-25 
8. Selenium Concentrations – BC-20, BC-21, BC-25, BC-26, and BC-32 
9. Groundwater Elevations – BC-20, BC-21, BC-25, BC-26, BC-27, BC-29, and BC-7 
10. Sulfate Concentrations and Groundwater Elevations – BC-20 
11. Sulfate Concentrations and Groundwater Elevations – BC-21 
12. Sulfate Concentrations and Groundwater Elevations – BC-25 
13. Site Topography – June 2013 

List of Tables 
1. Field Data Parameters – August 19, 2013 Sampling Event 
2. Field and Analytical Results – August 19, 2013 Sampling Event 
3. Selected Sulfate Analytical Results for Monitoring Wells BC-20, BC-21, BC-25, BC-26, 

and BC-32 
4. Selected TDS Analytical Results for Monitoring Wells BC-20, BC-21, BC-25, BC-26, and 

BC-32 
5. Selected Selenium Analytical Results for Monitoring Wells BC-20, BC-21, BC-25, BC-26, 

and BC-32 



Duke Energy Carolinas, LLC | Supplemental Groundwater Assessment 
SECTION 1 – INTRODUCTION  

 

1 

Section 1 – Introduction 
The Belews Creek Steam Station Flue Gas Desulfurization (FGD) Residue Landfill (FGD  
Residue Landfill), Permit No. 8505, is located at the Belews Creek Steam Station in 
Stokes County, North Carolina, and is owned and operated by Duke Energy Carolinas, 
LLC (Duke Energy).  

In a letter dated November 9, 2011,1 to Mr. Ed Sullivan, P.E., of Duke Energy, the North 
Carolina Department of Environment and Natural Resources (NCDENR) Division of 
Waste Management (DWM) stated that exceedances of groundwater standards 
established in Title 15A North Carolina Administrative Code (NCAC) Subchapter 2L 
.0202 Groundwater Quality Standards (2L Standards) were reported in samples 
collected from groundwater monitoring well BC-25 during the May 16, 2011, sampling 
event.2  The letter is included as Appendix A.   

The NCDENR letter stated that iron was reported at a concentration greater than the 
respective 2L Standard in the groundwater sample collected from BC-25 during this 
event.  Monitoring well BC-25 is located beyond the compliance boundary.  NCDENR 
also stated that industrial landfills are required to comply with the 2L Standards at the 
compliance boundary in accordance with 15A NCAC 13B .0503 (2)(d)(iv).  

In addition, the NCDENR letter stated that iron and manganese were reported at 
concentrations above their respective 2L Standards in groundwater monitoring wells BC-
20, BC-21, BC-23A, BC-26, BC-27, BC-29, and BC-31.  These wells are located at or 
beyond the review boundary. 

NCDENR stated that based on these exceedances, Duke Energy must submit a 
groundwater assessment work plan to the DWM.  The assessment work plan, dated 
February 9, 2012, was prepared by Altamont Environmental Inc. (Altamont) on behalf of 
Duke Energy and was approved by the DWM on March 23, 2012 (DOC ID 16351). 

HDR prepared and submitted an assessment3  to NCDENR on behalf of Duke Energy 
for groundwater exceedances at groundwater monitoring wells BC-20, BC-21, BC-23A, 
BC-25, BC-26, BC-27, BC-29, and BC-31 and at surface water sample location SW-1. 

The assessment report concluded: 

                                                
1 North Carolina Department of Environment and Natural Resources. Division of Waste Management.  
November 9, 2011, Monitoring Well BC-25 Assessment.  Duke Energy – Belews Creek FGD Landfill.  
DOC ID 15487. 
2 The NCDENR letter references the monitoring event as occurring on May 6, 2011.  The actual date for 
the sampling event was May 16, 2011. 
3 HDR Engineering, Inc. of the Carolinas report Groundwater Assessment, Belews Creek Steam Station, 
FGD Residue Landfill, Permit No. 8505, dated October 5, 2012. 
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 the source of iron exceedances reported in monitoring wells BC-20, BC-21, BC-
23A, BC-26, BC-27, BC-29, and BC-31 appeared to be related to turbidity 
introduced from naturally occurring sources; 

 the source of manganese exceedances reported in monitoring well BC-27 
appeared to be related to turbidity introduced from naturally occurring sources; 

 the manganese results at monitoring well BC-21 did not appear to be related to 
turbidity; and 

 the iron and manganese exceedances at surface water sampling location SW-1 
appeared to be from naturally occurring sources and not related to impacts from 
the FGD Residue Landfill. 

The report assessed 2L Standard exceedances for iron, sulfate, and total dissolved 
solids (TDS) at monitoring well BC-25.  The iron exceedances were determined to be 
attributed to turbidity in the groundwater samples and naturally occurring conditions.  
The assessment report concluded that the source of the sulfate in monitoring well BC-25 
appeared to be from the FGD Residue Landfill.   

HDR recommended installing an additional monitoring well at the review boundary 
between monitoring well BC-25 and the FGD Residue Landfill to further delineate the 
sulfate and TDS concentrations in this area and improve the understanding of 
groundwater flow and quality near monitoring well BC-25.  HDR further recommended 
that monitoring well BC-21 be re-sampled when the new monitoring well is sampled.   

In a letter dated November 28, 2012, to Mr. Ed Sullivan, P.E., of Duke Energy, the 
NCDENR Solid Waste Section approved the recommendations presented in HDR’s 
groundwater assessment report dated October 5, 2012.4  The letter is included as 
Appendix B. 

The supplemental groundwater assessment at the FGD Residue Landfill was performed 
as stated in the recommendations in the groundwater assessment report dated 
October 5, 2012.  This supplemental assessment report includes a description of the 
additional monitoring well (BC-32) installed at the review boundary between monitoring 
well BC-25 and the FGD Residue Landfill to further delineate the sulfate and TDS 
concentrations in this area and improve the understanding of groundwater flow and 
quality near monitoring well BC-25. 

 

                                                
4 North Carolina Department of Environment and Natural Resources, Division of Waste Management.   
November 28, 2012, Groundwater Assessment Report Response.  Duke Energy – Belews Creek FGD 
Landfill, DOC ID 17761. 
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Section 2 – Background 
2.1 Site and FGD Residue Landfill Description 
The FGD Residue Landfill is located at Duke Energy’s Belews Creek Steam Station.  Belews 
Creek Steam Station is a two-unit, coal-fired generating facility located on Belews Lake in 
Stokes County, North Carolina.   

The FGD Residue Landfill is permitted under the NCDENR Solid Waste Permit No. 8505.  The 
FGD Residue Landfill is permitted to receive coal combustion products, flue gas 
desulphurization residue (gypsum), wastewater treatment clarifier sludge, waste limestone 
material, sand blast material, and waste coal produced at the Belews Creek Steam Station.  
However, the FGD Residual Landfill typically receives only gypsum.  Other waste streams are 
disposed of in the Craig Road Ash Landfill (Permit #8504).  The FGD Residue Landfill is located 
south of the Belews Creek power plant, on a peninsula of land in Belews Lake.  The FGD 
Residue Landfill and nearby surrounding area are depicted on Figure 1.  

Location of the FGD Residue Landfill is on the northwestern facing side of a ridge running the 
length of the peninsula.  A gravel road, located near monitoring wells BC-28 and BC-23A, runs 
generally along the crest of this ridge.  Craig Road is located to the southwest of the FGD 
Residue Landfill.  A gypsum stack-out yard and limestone storage yard are located to the north 
of the FGD Residue Landfill.  A surface water drainage feature is located to the south of the 
FGD Residue Landfill, draining from the topographic high east of the landfill, to the west towards 
Craig Road.  In general, the original site topography slopes from the ridge to the north and to 
the west.  Two sets of high voltage transmission lines running roughly east to west are located 
immediately adjacent to and along the northern side of the FGD Residue Landfill.  

The FGD Residue Landfill consists of four cells contained in an area of approximately 24 acres, 
as shown on Figure 2.  The landfill has an engineered liner system consisting of a leachate 
collection system, underlain by a high-density polyethylene (HDPE) geomembrane liner, 
underlain by a geo-synthetic clay liner (GCL).  A stormwater basin is located on the western 
edge of the FGD Residue Landfill and occupies an area of approximately 2.4 acres.  The 
stormwater basin is used to manage leachate and contact stormwater collected from the FGD 
Residue Landfill. 

The stormwater basin is constructed with a concrete bottom surface, underlain by an HDPE 
geomembrane liner, underlain by a GCL. 

The FGD Residue Landfill first accepted waste in April 2008.  Initial waste placement began in 
Cell 1.  As of June 30, 2013, approximately 1,078,464 tons of waste had been placed in the 
landfill.  Waste placement has progressed across all four cells of the landfill.  As described in 
the operations plan, a 12-inch-thick interim soil cover layer is placed as a dust control measure 
where final waste grades are achieved.5  

                                                
5 Belews Creek Steam Station FGD Residue Landfill Operations Plan, prepared by Joyce Engineering, 
May 23, 2012, JEI Project:845.1202.11 Task 01, DIN 16987. 
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2.2 Site Geology and Hydrogeology 
In 2005, S&ME, Inc. (S&ME) prepared a site suitability study for the Belews Creek Steam 
Station FGD residue landfill.6  The 2004 study serves as the background for the discussion of 
the site geology and hydrogeology.  The Belews Creek Steam Station is located in the Piedmont 
Physiographic Province of North Carolina, within the Milton Belt.  The rocks of the Milton belt 
were formed during the Precambrian era and metamorphosed during the Paleozoic era.  The 
bedrock in the vicinity of the FGD Residue Landfill generally consists of schist and gneiss.  The 
soils that overlie the bedrock in the area have generally formed from the in-place weathering of 
the parent bedrock.  These soils are termed residuum (residual soils) and saprolite.  The 
residuum is typically finer-grained and has a higher clay content than the underlying saprolite.  
The highly weathered saprolite generally retains the overall structure and appearance of the 
underlying bedrock.  The saprolite layer grades into partially weathered rock and finally into 
bedrock.   

Groundwater generally occurs within the residuum and saprolite under unconfined conditions.  
Often, the heterogeneous nature of the soil results in variable porosities and permeabilities both 
laterally and vertically.  However, low permeability units that would result in confining conditions 
between the overlying soils and bedrock are generally absent.  In the underlying bedrock, 
groundwater occurs predominately in fractures and joints, and flow may occur under either 
unconfined or confined conditions.  As described in S&ME’s Site Suitability Study report, the 
geology/groundwater conditions at the site are consistent with the characteristics of the 
conceptual groundwater model developed by LeGrand for the Piedmont region (LeGrand 2004). 

2.3 Description of Monitoring System 
According to the Water Quality Monitoring Plan (WQMP),7  the groundwater monitoring system 
at the FGD Residue Landfill consists of the following sampling locations as listed below. 

Monitoring Wells   
 BC-7 BC-26 
 BC-20 BC-27 
 BC-21 BC-28 
 BC-22 BC-29 
 BC-23A BC-30 
 BC-25 BC-31 

 

Surface Water Sample Location:  SW-1 
 

Leachate Sample: Leachate 
 

The groundwater monitoring, surface water monitoring, and leachate sample locations are 
shown on Figure 2.  According to the WQMP, monitoring wells BC-23A and BC-28 represent 
background groundwater quality. 

                                                
6 Geologic and Hydrogeologic Siting Report FGD Scrubber Residue Disposal Site  Belews Creek Steam 
Station Belews Creek, North Carolina, S&ME Project No. 1054-04-955, September 28, 2005. 
7 Water Quality Monitoring Plan FGD Scrubber Residue Landfill Belews Creek Steam Station, S&ME 
Project 1054-04-955, December 07, 2007. 
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Monitoring well BC-7 is used for water level measurements only.  All other monitoring wells are 
used to monitor groundwater quality in the residual soil/saprolite layer and to measure 
groundwater levels.   

Sampling location SW-1 is a groundwater seep located to the east of monitoring well BC-28.  
When water is present, it emanates from the ground just above this sampling location.  
Therefore, analytical results from sampling location SW-1 are compared to 2L Standards.  This 
surface water feature drains to Belews Lake. 

The FGD Residue Landfill leachate is sampled at a location within the stormwater basin as 
shown on Figure 2. 

2.4 Site Groundwater Flow 
The FGD Residue Landfill is located on the north-western side of a ridge running the length of a 
peninsula between the West Belews Creek arm and the East Belews Creek arm of Belews 
Lake.  A gravel road, located near monitoring wells BC-28 and BC-23A, runs generally along the 
crest of this ridge.  Craig Road is located to the west of the FGD Residue Landfill.  The 
approximate ground elevation at monitoring well BC-28 is 815.6 feet and the approximate 
ground elevation at monitoring well BC-23A is 861.3 feet. 

The gypsum stack-out yard and limestone storage yard are located to the north of the FGD 
Residue Landfill and to the north of monitoring wells BC-25, BC-20, and BC-21.  The 
approximate ground elevation at monitoring well BC-25 is 746 feet.  A surface water drainage 
feature is located to the south of the FGD Residue Landfill and drains to the west towards Craig 
Road.  In general, the original site topography slopes from the ridge near monitoring wells BC-
28 and BC-23A towards the north and the west.  The typical elevation of Belews Lake ranges 
from approximately 722 feet to 725 feet.  

The predominant groundwater discharge areas in the region of the FGD Residue Landfill are 
expected to be Belews Lake to the northwest of the landfill.  Generalized groundwater surface 
contours for May 2013 and November 2013 are shown on Figures 3 and 4, respectively.   

2.5 Groundwater Quality Monitoring 
In accordance with the WQMP, groundwater monitoring is performed semi-annually in May and 
November.  Sampling results are submitted to NCDENR within 90 days of sampling.   

The initial groundwater sampling event at the FGD Residue Landfill was performed on 
November 5, 2007, prior to initial waste placement in April 2008.  All 12 monitoring wells were 
installed prior to the initial sampling event.  Surface water sample location SW-1 was first 
sampled in November 2010.  The most recent groundwater monitoring event was conducted on 
November 25 and 26, 2013.8   

                                                
8 These results were presented in a report titled Semiannual Groundwater Monitoring Report, Belews 
Creek Steam Station, FGD Residue Landfill, Permit No.8505, November 2013 Sampling Event, February 
4, 2014, prepared by HDR Engineering, Inc. of the Carolinas. 
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Section 3 – Supplemental Groundwater 
Assessment 
The supplemental groundwater assessment at the FGD Residue Landfill was performed as 
stated in the recommendations in the groundwater assessment report dated October 5, 2012.  
This supplemental assessment report includes a description of the additional monitoring well 
(BC-32) installed at the review boundary between monitoring well BC-25 and the FGD Residue 
Landfill to further delineate the sulfate and TDS concentrations in this area and improve the 
understanding of groundwater flow and quality near monitoring well BC-25.    

For the purposes of this supplemental assessment report, groundwater standard exceedances 
of sulfate and TDS in monitoring wells BC-20, BC-21, BC-25, and BC-32 were evaluated.  
During the August 19, 2013, sampling event, a 2L Standard exceedance for selenium was 
measured in monitoring well BC-21.  While the selenium concentration measured in monitoring 
well BC-21 was less than the 2L Standard during the subsequent sampling event in November 
2013, an assessment of selenium at this monitoring well has also been included in this 
supplemental assessment report. 

3.1 Installation of Monitoring Well BC-32 
S&ME installed monitoring well BC-32 to the south of monitoring well BC-25, between 
monitoring well BC-25 and the FGD Residue Landfill, from August 12 to 15, 2013.  Monitoring 
well BC-32 was installed to improve the understanding of groundwater flow and groundwater 
quality near monitoring well BC-25.  The well installation location is within Duke Energy’s 
transmission right-of-way and is depicted on Figure 2. 

Prior to installation of the monitoring well, a soil boring was advanced using 4½-inch-inside-
diameter hollow stem augers.  Standard Penetration Testing (SPT) was performed with split 
spoon samples collected at 5-foot intervals until the boring was terminated at an approximate 
depth of 29.5 feet below ground surface (bgs). 

Monitoring well BC-32 was constructed with a 2-inch diameter Schedule 40 PVC screen and 
casing.  The well consists of a 15-foot-long manufactured well screen with 0.010-inch-wide slots 
and a pre-packed sand filter installed from approximately 14.4 to 29.4 feet bgs.  The well was 
screened at this depth to monitor the shallow groundwater in this area.  The monitoring well was 
completed with an above grade 4-inch-diameter, lockable, protective steel cover (stickup) and a 
2-foot-square concrete pad.  Three protective painted steel bollards were installed around the 
well stickup. 

Following the installation of monitoring well BC-32 the well was developed using a portable, 
electric well pump and polyethylene tubing.  After development, two rising head permeability 
tests (slug tests) were performed at the well.  The top of well casing and location of monitoring 
well BC-32 were surveyed by a North Carolina Professional Surveyor.   
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A complete description of the well installation including the as-built survey, well completion 
report, well construction record, well development data, and slug test data and analysis are 
included in S&ME report Groundwater Monitoring Well BC-32 Installation, dated September 17, 
2013.  A copy of this report is included in Appendix C.  

3.2 Analytical Results 
Groundwater sampling and documentation of sampling activities were performed by Duke 
Energy personnel (Duke Energy Carolinas Field Certification #5193) from newly installed 
monitoring well BC-32 on August 19, 2013.  During this sampling event, groundwater samples 
were also collected from monitoring wells BC-20, BC-21, and BC-25.9    

3.3 Semi-Annual Sampling of Monitoring Wells and Surface 
Water Sample Location 
Since the completion and submittal of HDR’s October 5, 2012, groundwater assessment report, 
the monitoring network at the FGD Residue Landfill has been sampled during three semi-annual 
events: 

 November 2012 
 May 2013 
 November 2013 

3.4 Analytical Results 

3.4.1 Analytical Results from August 19, 2013, Sampling Event 

The groundwater samples collected during the August 19, 2013, sampling event were analyzed 
by the Duke Energy Analytical Laboratory (North Carolina Laboratory Certification #248) and 
provided to HDR by Duke Energy.  A summary of the field data from this sampling event is 
presented in Table 1.  The field and analytical results from this groundwater sampling event are 
summarized in Table 2.   

3.4.2 Analytical Results from Semi-Annual Sampling Events 

The analytical results from the November 2012, May 2013, and November 2013 sampling 
events are presented in the following reports, prepared by HDR: 

 Semiannual Groundwater Monitoring Report, Belews Creek Steam Station, FGD 
Residue Landfill, November 2012 Sampling Event, dated January 28, 2013.  

 Semiannual Groundwater Monitoring Report, Belews Creek Steam Station, FGD 
Residue Landfill, May 2013 Sampling Event, dated July 9, 2013.  

 Semiannual Groundwater Monitoring Report, Belews Creek Steam Station, FGD 
Residue Landfill, November 2013 Sampling Event, dated February 4, 2014. 

                                                
9 Monitoring well BC-26 was scheduled to be sampled during this event; however, a sample was 
inadvertently not collected.  The absence of the August 2013 analytical results for BC-26 does not affect 
the conclusions or recommendations in this Supplemental Groundwater Assessment.   
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3.5 Groundwater Flow Direction 
The generalized groundwater surface contours at the FGD Residue Landfill are presented in 
Figure 3 for May 2013 (prior to the installation of monitoring well BC-32), and in Figure 4 for 
November 2013 (after well installation), for comparative purposes.  There are groundwater 
elevation differences between these two events; however, the water level data obtained with the 
installation of monitoring well BC-32 (Figure 4) shows the groundwater flow direction in the 
vicinity of monitoring well BC-25 as having a more northwestern flow direction than the more 
western flow direction previously depicted (Figure 3).  Groundwater flow direction, based on 
these contours, is from the FGD Residue Landfill through monitoring well BC-32 then towards 
monitoring well BC-25.   

3.6 Groundwater Quality Exceedances - Sulfate 
The first sulfate exceedance in the FGD Residue Landfill monitoring network was measured in 
monitoring well BC-25 during the November 7, 2011, sampling event.  The sulfate results from 
November 2011 through November 2013 for monitoring wells BC-20, BC-21, BC-25, BC-26, 
and BC-32 are presented in Table 3.  These wells are located at or beyond the review 
boundary.   

Exceedances of the sulfate 2L Standard have been measured in monitoring wells BC-20, BC-
21, BC-25, and BC-32.  Sulfate concentrations in monitoring well BC-26 have consistently been 
measured at concentrations less than the 2L Standard.  Figure 5 depicts the sulfate 
concentrations for monitoring wells BC-20, BC-21, BC-25, BC-26, and BC-32 over the period of 
monitoring at the FGD Residue Landfill. 

The sulfate concentrations in monitoring wells BC-20 and BC-25 have decreased since the May 
2013 sampling event.  The sulfate concentration measured in monitoring well BC-21 increased 
slightly from the May to August 2013 sampling events and then decreased in November 2013.  
The sulfate concentrations measured in monitoring wells BC-20 and BC-21 were less than the 
2L Standard during the most recent (November 2013) sampling event. 

Sulfate in monitoring well BC-32 was measured at concentrations greater than the 2L Standard 
during the installation sampling event (August 2013) and the November 2013 sampling event. 

Sulfate concentrations measured in the background monitoring well BC-23A have ranged from 
225 to 630 micrograms per liter (µg/L).  In background monitoring well BC-28, sulfate 
concentrations have ranged from <100 to 466 µg/L, with the exception of the period from May 
2008 to November 2011 when the laboratory method reporting limit (MRL) for sulfate was 
reported to be <5000 µg/L. 

Monitoring well BC-32 is located between the FGD Residue Landfill and monitoring well BC-25.  
The sulfate concentrations measured in monitoring well BC-32 during August and November 
2013 were less than the sulfate concentrations measured in monitoring well BC-25 during these 
sampling events.  Considering groundwater flow direction, it would be expected that a defect or 
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damage in the FGD Residue Landfill liner system would result in concentrations measured in 
monitoring well BC-32 to be greater than those measured in monitoring well BC-25.  

3.7 Groundwater Quality Exceedances – Total Dissolved Solids 
Total dissolved solids (TDS) is defined by the United States Environmental Protection Agency 
(USEPA) as consisting of calcium, chlorides, nitrate, phosphorous, iron, sulfur, and other ion 
particles that will pass through a filter with pores of 2 microns in size 
(http://water.epa.gov/type/rsl/monitoring/vms58.cfm). 

TDS results from monitoring wells at the FGD Residue Landfill appear to be correlated with the 
sulfate results from these wells.  Figure 7 depicts the correlation between sulfate and TDS 
concentrations in monitoring well BC-25.    

The first TDS exceedance in the FGD Residue Landfill monitoring network was measured in 
monitoring well BC-25 during the November 7, 2011, sampling event.  The TDS results from 
November 2011 through November 2013 for monitoring wells BC-20, BC-21, BC-25, BC-26, 
and BC-32 are presented in Table 4. 

TDS concentrations measured in the background monitoring wells have ranged from 44,000 to 
138,000 µg/L in monitoring well BC-23A, and 36,000 to 81,000 µg/L in monitoring well BC-28.  

Exceedances of the 2L Standard for TDS have been measured in monitoring wells BC-20,  

BC-21, BC-25, and BC-32.  Figure 6 depicts the TDS concentrations for monitoring wells  

BC-20, BC-21, BC-25, BC-26, and BC-32 over the period of monitoring at the landfill. 

The TDS concentrations in monitoring wells BC-20, BC-21, and BC-25 have generally 
decreased since the May 2013 sampling event.  The TDS concentrations measured in 
monitoring wells BC-20 and BC-21 were less than the 2L Standard during the most recent 
sampling event (November 2013). 

TDS in monitoring well BC-32 was measured at concentrations greater than the 2L Standard 
during the installation sampling event (August 2013) and the November 2013 sampling event. 

Figure 7 presents the sulfate and TDS concentrations measured in monitoring well BC-25 over 
the period of monitoring.  The direct relationship between these two constituents can be seen on 
this figure.    

Monitoring well BC-32 is located between the FGD Residue Landfill and monitoring well BC-25.  
The TDS concentrations measured in monitoring well BC-32 during August and November 2013 
were less than the TDS concentrations measured in monitoring well BC-25 during these 
sampling events.  If the source of TDS measured in these monitoring wells was the landfill, it 
would be expected that the concentrations measured in monitoring well BC-32 would be greater 
than those measured in monitoring well BC-25.       

http://water.epa.gov/type/rsl/monitoring/vms58.cfm
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3.8 Groundwater Quality Exceedances – Selenium 
A 2L Standard exceedance for selenium was measured in monitoring well BC-21 during the 
August 19, 2013, sampling event.  The selenium results from November 2011 through 
November 2013 for monitoring wells BC-20, BC-21, BC-25, BC-26, and BC-32 are presented in 
Table 5.   

The August 2013 selenium concentration in monitoring well BC-21 is the only exceedance for 
selenium in the monitoring network over the period of monitoring.  The selenium concentration 
in monitoring well BC-21 returned to a concentration less than the 2L Standard during the 
subsequent November 2013 sampling event. 

The selenium concentrations measured in monitoring well BC-25 have been less than the 2L 
Standard over the period of monitoring.  However, the selenium concentration did increase from 
3.70 µg/L during the November 2012 sampling event to 19.2 µg/L during the May 2013 
sampling event.  The selenium concentrations measured in monitoring well BC-25 have 
gradually decreased since the May 2013 sampling event.   

The selenium concentrations in monitoring wells BC-20, BC-21, BC-25, BC-26, and BC-32 over 
the period of monitoring are depicted on Figure 8. 

Selenium has not been measured at a concentration which attains or exceeds the laboratory 
method reporting limit in background monitoring wells BC-23A and BC-28 over the period of 
monitoring.     
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Section 4 – Landfill Operations 
As described in Section 2.1, the FGD Residue Landfill was constructed with an engineered liner 
system consisting of a leachate collection system, underlain by a 60-millimeter smooth HDPE 
geomembrane liner, underlain by a GCL.   

Waste placement began in Cell 1 in April 2008.  As waste placement and elevation in Cell 1 
increased, placement progressed southward to Cells 2, 3, and 4.  As waste placement 
elevations exceed the landfill liner anchor trench, operational soil cover is applied as needed for 
dust control and stormwater management.10  A 12-inch-thick interim cover layer, consisting of 
soil, is placed on areas where final waste grades have been reached or where placement will be 
inactive for 12 months or more.  As the waste placement progressed in elevation in Cell 1, an 
interim soil cover would have been placed along the northern and western exterior slopes of 
Cell 1 as the elevation of the placed waste increased. 

During placement of waste in Cell 1, the primary haul route bringing FGD residue to the FGD 
Residue Landfill was along the northern side of Cell 1 and then onto the Cell 1 working area.  As 
the elevation of Cell 1 increased, waste placement shifted from placement in Cell 1 to 
placement in the cells to the south of Cell 1.  The primary haul route shifted to enter the landfill 
in the Cell 4 area. 

Duke Energy instituted a dust management plan in January 2013.  Additionally, in April 2012, a 
tire/truck washing system was installed to minimize dusting.  The wash system was installed to 
wash the tires and underneath the trucks prior to the trucks leaving the gypsum stack-out area.  
A similar washing system is employed for vehicles leaving the FGD Residue Landfill.  

Waste placement is currently primarily in Cell 2, 3, and 4 areas.  Figure 13 shows the 
topographic contours for the FGD Residue Landfill as of June, 1, 2013.  As the elevation of the 
waste increased above the elevation of the anchor trench, the routing of stormwater in the FGD 
Residue Landfill would have changed. 

As waste placement progressed to an elevation greater than the anchor trench along the north 
side of Cell 1, interim cover soil was placed on the finished slope and stormwater on that 
finished slope would have been directed into sediment basins SB-6 and SB-7.  Prior to that time 
(i.e., when the elevation of waste was less than the anchor trench), contact stormwater would 
have been routed into the stormwater basin located at the west end of the FGD Residue 
Landfill. 

                                                
10 Belews Creek Steam Station FGD Landfill Operations Plan, May 23, 2012, Joyce Engineering, DIN 
16987, Sections 2.1.8.1, 2.1.8.2 
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Section 5 – Possible Sources of Exceedances 
HDR evaluated the following as the likely sources of the exceedances for sulfate and TDS in 
monitoring wells BC-20, BC-21, BC-25, and BC-32 and selenium in BC-21: 

 Leachate leakage through the engineered liner system  
 Gypsum deposited onto the ground surface infiltrating into groundwater 

5.1 Leachate Leaking Through the Engineered Liner System 
Based on the decrease observed in the sulfate, TDS, and selenium concentrations beginning in 
May 2013, it appears unlikely that leachate leakage through the engineered liner system is the 
source of the exceedances.  The design for the engineered liner system calls for a 60 mil 
smooth HDPE geomembrane which is underlain by a GCL as shown on landfill drawing CP-5 
(Notes 2 and 3).  The purpose of the GCL is to seal small defects or areas of damage in the 
geomembrane by expansion of the bentonite clay material into the defect as the bentonite 
material contained in the GCL hydrates.   

The leakage rate through a geomembrane underlain by a GCL depends on a number of factors, 
such as the size of the defect or damage to the geomembrane, the head of the leachate on the 
defect, the condition and quantity of bentonite in the GCL, the quality of contact between the 
geomembrane and the GCL, and the hydraulic conductivity of the underlying soil.   

Maintenance repairs to the engineered liner system were performed on the Cell 1 anchor trench 
and on the north end of the Cell 2 slope in January 2011.  Damage to the liner system at the 
Cell 1 anchor trench consisted of tears in the protective geocomposite and tears in the 
geomembrane liner.  Damage was also observed in the underlying GCL.  The liner repairs at 
the Cell 1 anchor trench were completed in February 2011.11  According to Duke Energy, the 
location of these repairs to the anchor trench were south of monitoring well BC-21.     

Damage to the liner system at Cell 2 consisted of tears in the protective geocomposite and tears 
in the geomembrane liner in two locations.  The geomembrane and damaged geocomposite 
were repaired in January 2011.  The damaged locations were at elevations above where waste 
placement had occurred. 

Sulfate is a major component of gypsum, is moderately soluble, and is not likely strongly 
attenuated by site soils.  If the source of sulfate and TDS in monitoring wells BC-20, BC-21, and 
BC-25 and selenium in monitoring well BC-21 were caused by leakage in the liner system, it is 
reasonable to expect that the concentrations of these constituents in these wells would continue 
to increase or remain elevated.   

Monitoring well BC-32 was installed between the FGD Residue Landfill limit of waste and 
monitoring well BC-25.  Based on groundwater elevations in these wells, flow is from monitoring 

                                                
11 Belews Creek Steam Station, FGD Residual Landfill Liner Repair, Construction Quality Assurance 
Certification Report, Joyce Engineering, Inc., JEI Project: 845.1101.12 Task 01, March 10, 2011. 
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well BC-32 towards monitoring well BC-25.  As shown in Tables 3 and 4, the concentrations for 
sulfate and TDS measured in monitoring well BC-32 were less than those measured in 
monitoring well BC-25 during the August 2013 and the November 2013 sampling events.   

Although it is not possible to eliminate leakage through the liner system as a cause for the 
exceedances, HDR does not consider leakage through the liner system to be the likely source 
of the exceedances for the following reasons: 

 The concentrations of sulfate and TDS have decreased since May 2013 in monitoring 
wells BC-20 and BC-25; 

 The concentrations of sulfate and TDS have decreased since August 2013 in monitoring 
well BC-21;  

 The concentrations of selenium in monitoring well BC-21 have decreased; and 
 If a leak in the landfill liner system was providing the source of the sulfate, TDS, and 

selenium, it is reasonable to expect that BC-32, the well closer to the FGD Residue 
Landfill than BC-25, would have greater concentrations of these constituents, which is 
not the case.  

5.2 Gypsum Deposited onto the Ground Surface Infiltrating into 
Groundwater 
As described in Section 4, Duke Energy instituted a dust management plan in January 2013.  
Additionally, in April 2012, a tire/truck washing system was installed to minimize dusting.  It is 
possible that dusting of gypsum occurred in the area where monitoring wells BC-25, BC-20, and 
BC-21 are located prior to the initiation of the dust management plan and the installation of the 
tire/truck washing system.  During placement of waste in Cell 1, the primary haul route bringing 
FGD residue to the FGD Residue Landfill was along the northern side of Cell 1 and then onto 
the Cell 1 working area.  The primary haul route during this period would have been adjacent to 
well BC-25 and then along a haul road just south of wells BC-20 and BC-21.  It is possible that 
dusting from the truck traffic might have deposited gypsum on the ground surface in this area. 

Two non-contact stormwater sediment basins (SB-6 and SB-7) are located to the north of the 
FGD Residue Landfill (see Figure 2).  These basins are located approximately 100 feet from the 
FGD Residue Landfill limit of waste.  Prior to the installation of the interim soil cover of the side 
slopes of Cell 1 in approximately the fourth quarter of 2011, the stormwater entering these 
basins was limited to primarily the drainage area north and northeast of the FGD Residue 
Landfill waste boundary.  

Monitoring well BC-21 is located approximately 80 feet east of sediment basin SB-7.  Monitoring 
wells BC-20, BC-25, and BC-32 are located approximately 75, 100, and 50 feet, respectively, 
from sediment basin SB-6 (see Figure 2). 

After completion of the interim soil cover on the northern exterior slope of Cell 1 (Figure 13), an 
increased volume of non-contact stormwater could flow into sediment basins SB-6 and SB-7.   
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The groundwater elevations in monitoring wells BC-20, BC-21, BC-25, BC-26, BC-27, BC-29, 
and BC-7 over the period of monitoring are shown on Figure 9.  The water levels in each of 
these wells increased during the May 2013 sampling event compared to the water levels 
measured during November 2012.  A greater increase in water level elevations in the monitoring 
wells located near the sediment basins (monitoring wells BC-20, BC-21, and BC-25) can be 
seen on Figure 9 compared to the wells located away from the sediment basins during this time 
period.   

Figures 10, 11, and 12 depict sulfate concentrations and water level elevations in monitoring 
wells BC-20, BC-21, and BC-25, respectively.  These figures show that the increase in sulfate 
concentrations measured during the May 2013 sampling event coincides with the highest water 
level measured in each of these wells over the period of monitoring.  It is expected that the 
increase in water levels in these monitoring wells was a result of rainfall events at the FGD 
Residue Landfill.   

The selenium concentrations in monitoring wells BC-20, BC-21, BC-25, BC-26, and BC-32 are 
depicted on Figure 8.  Review of Figure 8 shows the selenium exceedance of 23.7 µg/L 
measured in monitoring well BC-21 during the August 2013 sampling event followed by a 
decrease to 2.69 µg/L in the following sampling event in November 2013.  Monitoring well  
BC-25 shows a similar increase in selenium concentrations followed by decreases in 
concentrations during the following sampling event.  The increases and subsequent decreases 
in selenium concentrations correspond to increases and subsequent decreases in the 
groundwater elevations as shown on Figure 9.  As discussed previously, rainfall records for the 
FGD Residue Landfill are not available, but it is expected that the increase in water levels in 
these monitoring wells was a result of rainfall events at the FGD Residue Landfill. 
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Section 6 – Conclusions and Recommendations 
6.1 Conclusions- Sulfate, TDS, and Selenium Exceedances 
HDR reviewed the operations of the FGD Residue Landfill, the groundwater flow in the FGD 
Residue Landfill area, and the analytical results for groundwater monitoring wells, and evaluated 
the following as the possible sources of the exceedances for sulfates and TDS in monitoring 
wells BC-20, BC-21, BC-25, and BC-32 and for selenium in monitoring well BC-21: 

 Leachate leakage through the engineered liner system  
 Gypsum deposited onto the ground surface infiltrating into groundwater 

If the source of the sulfate and TDS in monitoring wells BC-20, BC-21, and BC-25 and the 
source of the selenium in monitoring well BC-21 were caused by leakage in the liner system as 
a result of the failure of the GCL to seal a defect or damage to the geomembrane, it is 
reasonable to expect that: 

1. The concentration of sulfate, TDS, and selenium in newly installed monitoring well  
BC-32 would be greater than the concentrations observed in monitoring well BC-25.  

2. The concentrations of sulfate and TDS in monitoring wells BC-20, BC-21, and BC-25 
and the concentration of selenium in monitoring well BC-21 would continue to increase 
or remain elevated.   

Although it is not possible to eliminate leakage through the liner system as a cause, HDR does 
not consider leakage through the liner system to be the likely source of the exceedances 
because: 

 The sulfate and TDS concentrations have decreased since May 2013 in monitoring wells 
BC-20, BC-21, and BC-25, and since August 2013 in monitoring well BC-21. 

 The sulfate concentrations measured in monitoring well BC-32 were less than those 
measured in monitoring well BC-25. 

 The selenium concentrations have decreased in monitoring well BC-21 and in BC-25. 

Corresponding increases and subsequent decreases in groundwater elevations compared with 
sulfate and TDS concentrations were observed in monitoring wells BC-20, BC-21, and BC-25 
and in selenium concentrations in monitoring well BC-21.  These wells are located adjacent to 
non-contact stormwater basins SB-6 and SB-7. 

Increases in precipitation runoff received by non-contact stormwater basins SB-6 and SB-7, due 
to the progress of filling Cell 1, may have caused deposited FGD residue to be subjected to 
increased infiltration into the groundwater at these basins.  

Sulfate is a major component of gypsum, it is moderately soluble, and it is not likely strongly 
attenuated by site soils.  Based on the correlation between groundwater level and increase in 
sulfate, TDS, and selenium concentrations observed in the monitoring wells located in close 
proximity to the sediment basins, it appears that an increase in surface runoff and infiltration of 
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gypsum into the groundwater in this area may be the source of exceedances of sulfate, TDS, 
and selenium in these wells.  

6.2 Recommendations 
1. Concentrations of sulfate in BC-32 are in excess of the 2L Standard. Monitoring well  

BC-32 was installed at the review boundary and should continue to be sampled as part 
of the groundwater monitoring program for the FGD Residue Landfill.   

2. Although decreasing, concentrations of sulfate and TDS in BC-25 are in excess of the 
respective 2L Standards.  If the concentrations of sulfate and TDS decrease to below the 
2L Standard in monitoring wells BC-25 and BC-32 and remain below the 2L Standard for 
a minimum of two sampling events, HDR recommends that groundwater monitoring be 
discontinued in monitoring well BC-25 and that monitoring well BC-32 be incorporated 
into the groundwater monitoring program for the FGD Residue Landfill as BC-32 is 
located at the review boundary and BC-25 is outside of the compliance boundary. 
Monitoring well BC-25 would be abandoned at that time. 

3. If the concentrations of sulfate and TDS remain above the 2L Standards in monitoring 
wells BC-25 and BC-32 for the next three sampling events, an additional assessment 
should be conducted identify the source of the exceedances. 
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Table 1--Field Data Parameters
Duke Energy Carolinas LLC/Belews Creek Steam Station

FGD Residue Landfill, Permit No. 8505

Page 1 of 1

8/19/2013 BC-20 24.22 14.84 742.38 None LF 354 1.53 1.45 N/A 17.38 629.9 5.1 29.1 442 5.99
8/19/2013 BC-21 16.77 11.55 745.14 None LF 160 0.85 1.15 N/A 18.07 1,024 4.7 2.1 462 6.92
8/19/2013 BC-25 23.15 12.49 733.47 None LF 80 1.74 0.70 N/A 20.36 1,631 5.0 7.5 331 5.44
8/19/2013 BC-26 23.26 N/A N/A N/A N/A N/A N/A N/A N/A NS NS NS NS NS NS
8/19/2013 BC-32 33.01 16.26 739.68 None CP N/A 2.73 8.25 NO 16.94 979.5 5.3 9.5 429 5.20

Notes:
 1.  Purge Methods; LF=Low Flow, CP=Conventional Purge (3-5 well volumes), NP=No Purge (HydraSleeve), LO=Level Only.  Pump rate applicable to LF purging only.
 2. Field sampling performed by Duke Energy Carolinas, LLC personnel.
 3. EVAC indicates whether the water level in the well was drawn down to the level of the pump during purging.
 4. umho/cm indicates microohms per centimeter.
 5. SU indicates Standard Units.
 6. NTU indicates Nephelometric Turbidity Units.
 7. mV-NHE indicates millivolts-Normal Hydrogen Electrode.
 8. mg/L indicates milligrams per liter.
 9. N/A indicates not applicable.
10. NS indicates not sampled.
11.  Monitoring well BC-26 was inadvertently not sampled during this event.  Samples were not scheduled to be collected from BC-7, BC-22, BC-23A, BC-27, BC-28, BC-29, BC-30, BC-31, BC-SW1, or BC-Leachate during this event. 
12. Information provided by Tim Hunsucker of Duke Energy Carolinas, LLC on September 16, 2013.

DATE SAMPLE ID
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DEPTH
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Table 2--Field and Analytical Results
Duke Energy Carolinas LLC/Belews Creek Steam Station

FGD Residue Landfill, Permit No. 8505

Page 1 of 1

Field pH 320 SU 5193 - 6.5-8.5
Field Specific Conductance 323 umho/cm 5193 - -

Temperature 325 °C 5193 - -
Top of Casing 328 feet - - -

Depth to Water 318 feet - - -
Water Elevation 319 feet - 1,024        1,631            - -

Well Depth 411 feet - - -
Arsenic 14 µg/L 248 0.078 U 3.01 J' 0.078 U 0.663 J 10 10
Barium 15 µg/L 248 59.6 J' 32.3 J' 69.4 J' 82.3 J' 100 700
Boron 428 µg/L 248 6.15 J 3.3 U 15.4 J 10.5 J NE 700

Cadmium 34 µg/L 248 0.495 J 0.656 J 0.117 J 0.584 J 1 2
Chloride 301 µg/L 248 5,010 23,600 21,600 2,860 NE 250,000

Chromium 51 µg/L 248 0.791 J 0.5 U 0.5 U 0.5 U 10 10
Copper 54 µg/L 248 1 U 1 U 1 U 1 U 10 1,000
Fluoride 312 µg/L 248 75.6 J 75 J 200 J 200 J 2,000 2,000

Iron 340 µg/L 248 823 22.2 J' 417 388 300 300
Lead 131 µg/L 248 0.139 J 0.103 J 0.091 J 0.382 J 10 15

Manganese 342 µg/L 248 14.9 J' 240 57 234 50 50
Mercury 132 µg/L 248 0.006 U 0.006 U 0.013 J 0.006 U 0.2 1
Nickel 152 µg/L 248 8.94 J' 2.6 J 38.9 J' 60.6 50 100

Nitrate (as Nitrogen) 303 µg/L 248 5,540 J' 1,800 J' 3,590 J' 1,640 J' 10,000 10,000
Selenium 183 µg/L 248 1.96 J' 23.7 14.1 6.03 J' 10 20

Silver 184 µg/L 248 0.7 U 0.7 U 0.7 U 0.7 U 10 20
Sulfate 315 µg/L 248 271,000 496,000 858,000 490,000 250,000 250,000

Total Dissolved Solids 311 µg/L 248 485,000 829,000 1,410,000 789,000 NE 500,000
Zinc 213 µg/L 248 11.2 5.38 J' 9.27 J' 27 10 1,000

Notes:
 1.  Concentrations presented in micrograms per liter (µg/L).
 2.  SWS ID is the Solid Waste Section Identification Number.
 3.  SWSL is the Solid Waste Section Limit.  NCDENR defines the SWSL as the lowest amount of analyte in a sample that can be quantitatively determined with suitable precision and accuracy.  
 4.  15A NCAC 2L Standard refers to Class GA Standards as found in 15A NCAC 02L. 0202 Groundwater Quality Standards, last amended on April 1, 2013. 
 5.  NE indicates not established.  N/A indicates not applicable.  Blank cells indicate that there is no information relevant to the respective row. 
 6.  Grayed values indicate values that attain or exceed the SWSL Standard.
 7.  Bold values indicate values that attain or exceed the 15A NCAC 2L Standard.
 8.  Qualifiers in non-italicized text are laboratory data qualifiers or "flags". "U" is used to identify results not detected at concentrations which attain the laboratory's method detection limit (MDL).  
       "J" is used to identify estimated concentrations which attain or exceed the MDL but are less than the laboratory's method reporting limit (MRL).   
       An italicized J' -flag is a data qualifier, added by HDR to indicate concentrations which attain or exceed the laboratory's MRL but are less than the SWSL. 
 9.  SU indicates Standard Units.
10. umho/cm indicates micromhos per centimeter.
11. NS indicates not sampled.
12. According to the Constituent Look-up webpage on the NCDENR Division of Waste Management webpage, there is no SWSL or 2L Standard for chloride associated with CAS number 16887-00-6, which is the CAS reported by the laboratory
       for the analyses completed.  Therefore, the SWSL and 2L Standards listed are for the chloride with CAS number SW301 as specified on the Constituent Look-up webpage (last updated June 13, 2011).
13.  Analytical results obtained from Electronic Data Deliverable (EDD) provided by Tim Hunsucker of Duke Energy Carolinas, LLC on December 16, 2013.  
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739.68
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984.83
5.3

20.36
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N/A

23.26
749.32

NS

5.0
733.47
23.15

1,636.04
5.0
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Laboratory Certificate Codes:
Duke Energy Carolinas Field #5193

Duke Energy Analytical Laboratory #248
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8505 BC-32

Sample Date:  August 19, 2013                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                     

Field Sampling performed by Duke Energy Carolinas, LLC                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                         
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Table 3--Selected Sulfate Analytical Results for
Monitoring Wells BC-20, BC-21, BC-25, BC-26, and BC-32
Duke Energy Carolinas LLC/Belews Creek Steam Station

FGD Residue Landfill, Permit No. 8505

Page 1 of 1

BC-20 34,080 104,000 71,200 475,000 271,000 168,000 µg/L

BC-21 85,400 185,000 91,500 487,000 496,000 173,000 µg/L

BC-25 353,000 428,000 394,000 930,000 858,000 657,000 µg/L

BC-26 19,760 20,200 16,500 17,300 NS 15,900 µg/L

BC-32 NS NS NS NS 490,000 517,000 µg/L
Notes:
 1. µg/L indicates micrograms per liter.
 2. 15A NCAC 2L Standard refers to Class GA Standards as found in 15A NCAC 02L. 0202 Groundwater Quality Standards, last amended on April 1, 2013. 
 3. Bold values indicate values that attain or exceed the 15A NCAC 2L Standard.
 4. NS indicates not sampled.
 5. Concentrations based on data in Duke Energy Carolinas, LLC analytical results database.
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Table 4--Selected TDS Analytical Results for
Monitoring Wells BC-20, BC-21, BC-25, BC-26, and BC-32
Duke Energy Carolinas LLC/Belews Creek Steam Station

FGD Residue Landfill, Permit No. 8505

Page 1 of 1

BC-20 168,000 246,000 214,000 772,000 485,000 323,000 µg/L

BC-21 261,000 391,000 224,000 800,000 829,000 330,000 µg/L

BC-25 623,000 719,000 668,000 1,480,000 1,410,000 1,030,000 µg/L

BC-26 91,000 80,000 78,000 95,000 NS 96,000 µg/L

BC-32 NS NS NS NS 789,000 794,000 µg/L
Notes:
 1. µg/L indicates micrograms per liter.
 2. 15A NCAC 2L Standard refers to Class GA Standards as found in 15A NCAC 02L. 0202 Groundwater Quality Standards, last amended on April 1, 2013. 
 3. Bold values indicate values that attain or exceed the 15A NCAC 2L Standard.
 4. NS indicates not sampled.
 5. Concentrations based on data in Duke Energy Carolinas, LLC analytical results database.
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Table 5--Selected Selenium Analytical Results for
Monitoring Wells BC-20, BC-21, BC-25, BC-26, and BC-32
Duke Energy Carolinas LLC/Belews Creek Steam Station

FGD Residue Landfill, Permit No. 8505

Page 1 of 1

BC-20 <1 <1 1.18 2.19 1.96 1.78 µg/L

BC-21 <1 3.3 2.55 1.36 23.7 2.69 µg/L

BC-25 1.92 3.45 3.70 19.2 14.1 7.98 µg/L

BC-26 <1 <1 <1 <1 NS <1 µg/L

BC-32 NS NS NS NS 6.03 5.72 µg/L
Notes:
 1. µg/L indicates micrograms per liter.
 2. 15A NCAC 2L Standard refers to Class GA Standards as found in 15A NCAC 02L. 0202 Groundwater Quality Standards, last amended on April 1, 2013. 
 3. Bold values indicate values that attain or exceed the 15A NCAC 2L Standard.
 4. NS indicates not sampled.
 5. Concentrations based on data in Duke Energy Carolinas, LLC analytical results database.
 6. Analytical results with "<" preceeding the result indicates that the parameter was not detected at a concentration which attains or exceeds the laboratory 
     method reporting limit (MRL).
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Appendix A  
Letter from North Carolina Department 
of Environment and Natural Resources, 

November 9, 2011, To Ed Sullivan, P.E., 
Duke Energy DOC ID 15487. 

 
 

 

  



 

 
North Carolina Department of Environment and Natural Resources 

 Division of Waste Management 
Beverly Eaves Perdue Dexter R. Matthews Dee Freeman 
Governor Director Secretary 
 

1646 Mail Service Center, Raleigh, North Carolina 27699-1646 
Phone: 919-707-8200 \ Internet: http://portal.ncdenr.org/web/wm/sw 
 
An Equal Opportunity \ Affirmative Action Employer  

November 9, 2011 
 
Mr. Ed Sullivan, P.E. 
Mail Code EC13K 
PO Box 1006 
Charlotte, NC 28201 
 
RE: Monitoring Well BC-25 Assessment 

Duke Energy - Belews Creek FGD Landfill 
Permit #85-05 
Stokes County 
DOC ID 15487  

 
Dear Mr. Sullivan: 
 
A review of groundwater analytical data from the FGD Landfill indicates exceedances of groundwater standards 
established in 15A NCAC 2L .0202 (2L Standards) during the May 6, 2011 monitoring event.  Iron has been reported at 
concentrations greater than the 2L Standards in groundwater samples collected from BC-25.  Monitor well BC-25 appears 
to be located outside the compliance boundary.  Industrial landfills are required to comply with the 2L standards at the 
compliance boundary in accordance with 15A NCAC 13B .503 (2)(d)(iv).   
 
Duke Energy shall acquire the services of a North Carolina licensed professional geologist and submit a groundwater 
assessment work plan to the Solid Waste Section (Section) outlining how the reported metals contamination in BC-25 will 
be delineated.  The Section will review the submitted work plan, approve, or request additional information or 
amendments before implementation.  Please submit this work plan within 90 days of receiving this letter.  The work plan 
may include, but not limited to an alternate source demonstration for the metals contamination. In addition, monitoring 
wells BC-20, BC-21, BC-23A, BC-26, BC-27, BC-29 and BC-31 have iron and manganese concentrations above their 
respective 2L Standards and appear to be located at or beyond the review boundary, which triggers the need for 
assessment.    
  
The Section solicits your cooperation and would like to remind you that it is your responsibility to comply with the 
requirements of the rules and statues since the rules are self-implementing.  Please contact me at (919) 707-8253 or via 
email Elizabeth.werner@ncdenr.gov if you have any questions or concerns regarding this letter.  Thank you in advance 
for your anticipated cooperation in this matter. 
 
Sincerely, 

 
Elizabeth S Werner 
Hydrogeologist 
 
cc: William M. Miller, PE, Altamont Environmental Inc. 

Mark Poindexter, SWS  Ellen Lorscheider, SWS 
 Jason Watkins, SWS  Hugh Jernigan, SWS 

Central File
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Appendix B 
Letter from North Carolina Department 
of Environment and Natural Resources, 

November 28, 2012, To Ed Sullivan, 
P.E., Duke Energy DOC ID 17761. 

 
 

 

  



 
North Carolina Department of Environment and Natural Resources 

 Division of Waste Management 
Beverly Eaves Perdue Dexter R. Matthews Dee Freeman 
Governor Director Secretary 
 

1646 Mail Service Center, Raleigh, North Carolina 27699-1646 
Phone: 919-707-8200 \ Internet: http://portal.ncdenr.org/web/wm/sw 
 
An Equal Opportunity \ Affirmative Action Employer  

November 28, 2012 
 
Sent via email to Ed.Sullivan@duke-energy.com 
 
Mr. Ed Sullivan, P.E. 
Mail Code EC13K 
PO Box 1006 
Charlotte, NC 28201 
 
RE: Groundwater Assessment Report Response 

Duke Energy – Belews Creek FGD Landfill 
Permit #85-05 
Stokes County 
DOC ID 17761 

 
Dear Mr. Sullivan: 
 
The Solid Waste Section (Section) has reviewed the Groundwater Assessment Report for the Belews Creek Steam Station 
FGD Landfill submitted by HDR Engineering, Inc. of the Carolinas on October 5, 2012 (Doc ID 17400). The Section 
approves the three recommendations described in the report.  These recommendations are as follows: 
 

1. Install a new monitoring well south of BC-25, between BC-25 and the landfill, and along the same alignment of 
BC-20 as humanly possible.  The Section understands the difficulty in finding a good location for the new well 
due to the overhead electric transmission lines.  After installation and initial sampling of the new well, a 
supplemental assessment will be conducted for the new well along with BC-21, BC-20, BC-25 and BC-26. 

2. Resample BC-21 when the new well is sampled and submit the results with the supplemental assessment 
described above.   

3. Continue to perform semi-annual water quality monitoring at all groundwater wells and the surface water 
monitoring location.      

 
If you have any questions, please do not hesitate to contact me via email Elizabeth.werner@ncdenr.gov or phone (919) 
707-8253. 
 
Sincerely, 
 
 
 
Elizabeth S Werner 
Hydrogeologist 
Solid Waste Section 
 
 
cc: William M. Miller, HDR   Mark Poindexter, SWS  Jason Watkins, SWS   

Hugh Jernigan, SWS   Larry Frost, SWS   Central File
 

mailto:Elizabeth.werner@ncdenr.gov
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Appendix C  
Groundwater Monitoring Well BC-32 
Installation Report, 

FGD Residue Landfill Compliance 
Network, 

Duke Energy Belews Creek Steam 
Station, S&ME Project No. 1584-13-075 
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