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Section 1 

Background 
 

Marshall Steam Station is owned and operated by Duke Energy Carolinas, LLC (Duke Energy).  

The Marshall plant generates 2090 megawatts (MW) of electric power by combustion of coal.  

The Marshall station generates enough electricity to power over one-and-a-half million homes. 

The plant is located in Catawba County, on Lake Norman (Figure 1), and is in the Piedmont 

physiographic region. The subsurface conditions in the plant area consist of residual soils and 

partially weathered rock, which have been formed by the in-place weathering of the parent rock.  

These materials are underlain by bedrock.   

Two ash landfills are permitted at the Marshall Steam Station under the North Carolina 

Department of Environment and Natural Resources (NCDENR) Solid Waste Permit No. 1804.  

The ash landfill areas are located north and east of the steam station and are located adjacent to 

the Marshall Ash Basin.  The location of the landfill areas is shown on Figure 1.  The larger of 

the two ash landfills has an area of approximately 46 acres.  The smaller of the two ash landfills 

is approximately 14.5 acres in area.   

The groundwater monitoring system for both landfills consists of five groundwater monitoring 

wells as listed below.   

Monitoring Wells: MW-1 

 MW-2 

 MW-3 

 MW-4 

 MW-5 

The locations of the wells are shown on Figure 2.  Monitoring wells MW-2, MW-3, and MW-5 

are located adjacent to the larger ash landfill.  Monitoring well MW-1 is located adjacent to the 

smaller ash landfill.  Monitoring well MW-4 is located upgradient from the larger ash landfill 

and is described in the Post-Closure Ground-Water Monitoring Program Sampling and Analysis 

Plan
1
 as representing upgradient groundwater quality.  An observation well, OB-1, is located 

                                                 
1
 Marshall Steam Station Industrial Landfill-Phase II Permit #18-04 Post-Closure Ground-Water Monitoring 

Program Sampling and Analysis Plan. Dated September 20, 1999. 
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adjacent to the smaller ash landfill and is used only to measure groundwater levels.  All of the 

groundwater monitoring wells are screened to monitor the shallow aquifer. 
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Section 2 

Methods 
 

2.1 Sampling and Analysis Methods 

Groundwater sampling and documentation of sampling activities were performed by Duke 

Energy personnel.  The groundwater samples were analyzed by Duke Energy Analytical 

Laboratory (North Carolina Laboratory Certification #248), Pace Analytical Services, Inc., 

Asheville (North Carolina Laboratory Certification #40) and Summit Environmental 

Technologies, Inc. (North Carolina Laboratory Certification #631). 

The groundwater samples were analyzed for the following constituents and/or parameters: 

• Select metals using U.S. Environmental Protection Agency (EPA) Method 200.7 and 

200.8 

• Mercury using EPA Method 245.1 

• Total Dissolved Solids using Standard Method (SM) 2540C 

• Chloride, fluoride, nitrate as nitrogen, and sulfate using EPA Method 300.0 

• Biological oxygen demand using SM 5210B 

• Chemical oxygen demand using the Hach Method 8000 

• Total organic carbon using SM 5310C/EPA 9060A 

• Total organic halide using EPA Method 9020 

2.2 Statement of Work 

HDR Engineering, Inc. (HDR) completed the following tasks: 

• Received field sampling information provided by Duke Energy for monitoring wells 

MW-1, MW-2, MW-3, MW-4, and MW-5 and water level information for observation 

well OB-1.  The samples were collected on August 27, 2012 and HDR received the data 

on September 17, 2012. 

• Reviewed the laboratory analytical results for samples.  The Electronic Data Deliverable 

(EDD), provided by Duke Energy, was adapted to conform to the format requirements of 

the NCDENR EDD template.  HDR added an italicized J data qualifier (J) to indicate a 
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detected concentration that is greater than the laboratory’s method reporting limit (MRL), 

but lower than the Solid Waste Section Limit
2
 (SWSL).  A copy of the original EDD is 

retained in HDR’s files.   

• Developed a generalized groundwater surface contour map using map data and 

groundwater elevation data supplied by Duke Energy. 

• Prepared and submitted this Semiannual Groundwater Monitoring Report to Duke Energy 

and to NCDENR. 

Selected samples were diluted as is normal laboratory practice to bring samples to the calibrated 

range of the analysis. Specifics regarding the samples that were diluted, including the dilution 

amount, are reported in the EDD. 

                                                 
2
 Solid Waste Section Limits (SWSL) is defined by DENR as the lowest amount of analyte in a sample that can be 

quantitatively determined with suitable precision and accuracy.  The SWSL is the concentration below which 

reported results must be qualified as estimated.   NCDENR Division of Waste Management Memorandum dated 

February 23, 2007. 
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Section 3 

Results 
 

3.1 Site Groundwater Flow  

Generalized groundwater surface contours for the site are shown on Figure 3.  These contours 

were developed using the measured groundwater elevations in the wells from the August 27, 

2012 sampling, and using the approximate surface water elevations for the Marshall Ash Basin 

and the adjacent Lake Norman.   

The ground surface in the area of the larger landfill slopes from the elevation along Island Point 

Road (located north of MW-4), approximate elevation 880 feet to 890 feet, downward toward the 

Marshall Ash Basin, which has a surface water elevation of approximately 790 feet.  Lake 

Norman is located to the east of the Marshall Ash Basin.  The normal pond elevation of Lake 

Norman is 760 feet. 

Groundwater flow at the site is from areas of higher topography toward the ash basin and on 

toward Lake Norman.  Well MW-4 is located north of the larger landfill and is at the highest 

topographic elevation.  Groundwater flow is generally from MW-4 toward the larger landfill and 

to the ash basin.  It is expected that flow would be from the topographically higher region north 

of MW-3 and MW-5 toward the larger landfill, or in the case of MW-5, toward the portion of ash 

basin located to the east of the larger landfill.   

Well MW-2 is located approximately 200 feet from the shore of the ash basin.  Based on the 

location of the well and the observed water levels in the well relative to the ash basin pond 

elevation, the well is likely influenced more by the ash basin water surface elevation than from 

groundwater flowing from the larger landfill. 

The water elevation at well MW-3 is approximately the same as the pond elevation of two 

adjacent ponded areas.  These ponded areas were part of the original ash basin and were cut off 

from the main body of the ash basin during construction of the larger landfill.   

Well MW-5 is located on the east side of the larger landfill adjacent to an inactive portion of the 

ash basin.  This inactive portion of the ash basin no longer contains appreciable free water and is 

filled with ash that was sluiced from the ash basin. 
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The groundwater flow in the region near the smaller landfill area appears to be from the ash 

basin (elevation 790 feet) toward the arm of Lake Norman (elevation 760 feet) located east of 

wells OB-1 and MW-1.   

3.2 Analytical Results 

A summary of the field data is presented in Table 1.   

The field and laboratory results of groundwater sampling are summarized in Table 2.   

A summary of the Title 15A, North Carolina Administrative Code (NCAC), Subchapter 2L 

Standards (2L Standards) exceedances and a preliminary analysis of the cause and significance 

of the exceedances are presented in Table 3.  Duke Energy is performing an assessment of the 

groundwater exceedances at this landfill. 

Concentrations for constituents listed in Table 3 were measured at levels equal to or above the 

respective SWSLs at those wells.   

The constituents at the following groundwater monitoring locations were detected at 

concentrations equal to or above the corresponding SWSL but did not exceed the 2L Standards: 

• Barium in MW-3 

• Zinc in MW-3 

The chain-of-custody forms can be found in Appendix A. 
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Table 1 - Field Data ParametersTable 1 - Field Data ParametersTable 1 - Field Data ParametersTable 1 - Field Data Parameters

Duke Energy Carolinas, LLC/Marshall Steam StationDuke Energy Carolinas, LLC/Marshall Steam StationDuke Energy Carolinas, LLC/Marshall Steam StationDuke Energy Carolinas, LLC/Marshall Steam Station

Dry Ash Landfill - Permit No. 1804Dry Ash Landfill - Permit No. 1804Dry Ash Landfill - Permit No. 1804Dry Ash Landfill - Permit No. 1804

Groundwater Monitoring ReportGroundwater Monitoring ReportGroundwater Monitoring ReportGroundwater Monitoring Report

8/27/2012 MW-1 78.75 51.28 772.42 Normal None CP N/A 4.48 13.50 NO 16.42 126 5.8 1.5 N/A N/A

8/27/2012 MW-2 35.10 7.03 790.19 Normal None CP N/A 4.58 14.25 NO 16.65 384 5.2 0.4 N/A N/A

8/27/2012 MW-3 28.15 8.33 804.74 Normal None CP N/A 3.23 9.75 NO 16.36 95 4.8 0.7 N/A N/A

8/27/2012 MW-4 50.20 38.53 828.85 Normal None CP N/A 1.90 2.50 YES 17.15 47 5.9 1.7 N/A N/A

8/27/2012 MW-5 30.71 26.47 796.22 Normal None CP N/A 0.69 3.75 NO 16.51 52 5.3 1.0 N/A N/A

8/27/2012 OB-1 65.50 46.19 779.66 N/A N/A LO N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A

Notes:

 1.  Purge Methods; LF=Low Flow, CP=Conventional Purge (3-5 well volumes), NP=No Purge (HydraSleeve), LO=Level Only.

 2.  Field sampling performed by Duke Energy Carolinas, LLC personnel.

 3.  umho/cm indicates micro mhos per centimeter.

 4.  SU indicates Standard Units.

 5.  NTU indicates Nephelometric Turbidity Units.

 6.  mV-NHE indicates millivolts-Normal Hydrogen Electrode.

 7.  Information provided by Tim Hunsucker of Duke Energy Carolinas, LLC on September 17, 2012.

APPEARANCEAPPEARANCEAPPEARANCEAPPEARANCEDATEDATEDATEDATE

WELLWELLWELLWELL

NO.NO.NO.NO.

WELLWELLWELLWELL

DEPTHDEPTHDEPTHDEPTH

(feet)(feet)(feet)(feet)

DEPTH TODEPTH TODEPTH TODEPTH TO

WATERWATERWATERWATER

(feet)(feet)(feet)(feet)

WATERWATERWATERWATER

ELEV.ELEV.ELEV.ELEV.

(feet)(feet)(feet)(feet)

DODODODO

(mg/L)(mg/L)(mg/L)(mg/L)ODORODORODORODOR

PURGEPURGEPURGEPURGE

METHOD METHOD METHOD METHOD 

PUMP PUMP PUMP PUMP 

RATERATERATERATE

(ml/min)(ml/min)(ml/min)(ml/min)

WELLWELLWELLWELL

VOLUMEVOLUMEVOLUMEVOLUME

(gal)(gal)(gal)(gal)

EVACEVACEVACEVAC

VOLUMEVOLUMEVOLUMEVOLUME

(gal)(gal)(gal)(gal)

EVACEVACEVACEVAC

(yes/no)(yes/no)(yes/no)(yes/no)

TEMPTEMPTEMPTEMP

(deg C)(deg C)(deg C)(deg C)

SPECIFICSPECIFICSPECIFICSPECIFIC

CONDUCTANCECONDUCTANCECONDUCTANCECONDUCTANCE

(umho/cm)(umho/cm)(umho/cm)(umho/cm)

pHpHpHpH

(SU)(SU)(SU)(SU)

TURBIDITYTURBIDITYTURBIDITYTURBIDITY

(NTU)(NTU)(NTU)(NTU)

ORPORPORPORP

(mV-NHE)(mV-NHE)(mV-NHE)(mV-NHE)
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Table 2 - Field and Analytical ResultsTable 2 - Field and Analytical ResultsTable 2 - Field and Analytical ResultsTable 2 - Field and Analytical Results

Duke Energy Carolinas, LLC/Marshall Steam StationDuke Energy Carolinas, LLC/Marshall Steam StationDuke Energy Carolinas, LLC/Marshall Steam StationDuke Energy Carolinas, LLC/Marshall Steam Station

Dry Ash Landfill - Permit No. 1804Dry Ash Landfill - Permit No. 1804Dry Ash Landfill - Permit No. 1804Dry Ash Landfill - Permit No. 1804

Groundwater Monitoring ReportGroundwater Monitoring ReportGroundwater Monitoring ReportGroundwater Monitoring Report

Field pH 320 SU 5193 - 6.5-8.5

Field Specific Conductivity 323 umho/cm 5193 - -

Temperature 325 °C 5193 - -

Top of Casing 328 feet - - -

Depth to Water 318 feet - - -

Water Elevation 319 feet - - -

Well Depth 411 feet - - -

Arsenic 14 ug/L 248 0.667 U 0.667 U 0.667 U 0.667 U 0.667 U 0.667 U 10 10

Barium 15 ug/L 248 67.7 J' 57.5 J' 330 47.3 J' 46.7 J' 3.34 U 100 700

Boron 428 ug/L 248 379 3,0303,0303,0303,030 33.4 U 33.4 U 33.4 U 33.4 U NE 700

Biological Oxygen Demand, 5-day 316 ug/L 40 2,000 U 2,000 U 2,000 U 2,000 U 2,000 U NE NE

Cadmium 34 ug/L 248 0.667 U 0.667 U 0.667 U 0.667 U 0.667 U 0.667 U 1 2

Chemical Oxygen Demand 317 ug/L 248 3,780 U 3,780 U 3,780 U 3,780 U 3,780 U 3,780 U NE NE

Chloride 455 ug/L 248 2,630 4,410 9,170 1,770 2,930 45.4 J NE 250,000

Chromium 51 ug/L 248 8.34 J' 3.34 U 3.34 U 3.34 U 3.34 U 3.34 U 10 10

Copper 54 ug/L 248 3.34 U 3.34 U 3.34 U 3.34 U 3.34 U 3.34 U 10 1,000

Fluoride 312 ug/L 248 136 J' 108 J' 89.2 J 120 J' 85.1 J 66.8 J 2,000 2,000

Iron 340 ug/L 248 38.4 J' 6.67 U 6.67 U 43.3 J' 63.1 J' 6.67 U 300 300

Lead 131 ug/L 248 0.667 U 0.667 U 0.667 U 0.667 U 0.667 U 0.667 U 10 15

Manganese 342 ug/L 248 6.65 J' 13.4 J' 57.157.157.157.1 3.34 U 9.59 J' 3.34 U 50 50

Mercury 132 ug/L 248 0.006 U 0.006 U 0.006 U 0.006 U 0.006 U 0.006 U 0.2 1

Nickel 152 ug/L 248 3.34 U 3.34 U 3.34 U 3.34 U 3.34 U 3.34 U 50 100

Nitrate as Nitrogen 303 ug/L 248 129 J' 495 J' 6,270 J' 52 J' 7.11 J 7.49 J 10,000 10,000

Selenium 183 ug/L 248 2.26 J' 37.237.237.237.2 0.667 U 0.667 U 0.667 U 0.667 U 10 20

Silver 184 ug/L 248 3.34 U 3.34 U 3.34 U 3.34 U 3.34 U 3.34 U 10 20

Sulfate 315 ug/L 248 34,400 J' 138,000 J' 85.4 J 131 J' 45.4 J 18 U 250,000 250,000

Total Dissolved Solids 311 ug/L 248 106,000 280,000 57,000 49,000 45,000 NE 500,000

Total Organic Carbon 357 ug/L 248 150 346 129 488 167 48 J NE NE

Total Organic Halide 396 ug/L 631 100 U 100 U 100 U 100 U 100 U 100 U NE NE

Zinc 213 ug/L 248 4.84 J 4.08 J 17.6 3.34 U 3.34 U 3.34 U 10 1,000

Notes:

 1.  Concentrations presented in micrograms per liter (µg/L) except where noted.

 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 is from "North Carolina Administrative Code, Title 15A: Department of Environment and Natural Resources, Subchapter 2L - Groundwater Classifications and Standards,"  NCDENR (last amended on January 1, 2010).

 5.  Grayed values indicate values that attain or exceed the SWSL standard.

 6.  Bold values indicate values that attain or exceed the 15A NCAC 2L Standard.

 7.  NE indicates not established.  Blank cells indicate that there is no information relevant to the respective row. 

 8.  Qualifiers in non-italicized text are laboratory data qualifiers or "flags". "U" is used for parameters not detected at concentrations above the method detection limit (MDL).  "J" is used for parameters detected at estimated concentrations above

        the MDL but below the laboratory's method reporting limit (MRL).   An italicized J' -flag is a data qualifier, added by HDR to indicate a detected concentration that is greater than the laboratory's MRL but less than the SWSL.

 9.  According to the Constituent Look-up webpage on the NCDENR Division of Waste Management webpage, there is no SWSL or 2L Standard for choride associated with CAS number 16887-00-6, which is the CAS reported by the laboratory

      for the analyses completed.  Therefore, the SWSL and 2L listed are for the chloride with CAS number SW301 as specified on the Constituent Look-up webpage (last updated June 13, 2011).

10.  Data obtained from Electronic Data Deliverable (EDD) provided by Tim Hunsucker of Duke Energy Carolinas, LLC on September 17, 2012.  

-

5.85.85.85.8

126

16.42

823.70

-

5.25.25.25.2

384

16.65

797.22

7.0351.28

822.69

26.47

804.74

28.15

828.85

50.20

772.42

78.75

790.19

35.10

5.95.95.95.9

47

17.15

867.38

38.53

4.84.84.84.8

95

16.36

813.07

8.33

796.22

30.71

-

-

-

-

-

-

-

5.35.35.35.3

52

16.51

Laboratory Certificate Codes:

Duke Energy Carolinas, LLC Field #5193

Duke Energy Analytical Laboratory #248

Pace Analytical Services, Inc. #40

 Summit Environmental Technologies, Inc. #631

Monitoring WellsMonitoring WellsMonitoring WellsMonitoring Wells

15A 15A 15A 15A 

NCAC 2LNCAC 2LNCAC 2LNCAC 2L

StandardStandardStandardStandardSWSLSWSLSWSLSWSL

Sample Date:  August 27, 2012                                                                                                                                                                                                                                                                                                                                                          

                                                                                                                                                                                                                                                                                                                                                                                                                                                              

Field Sampling performed by Duke Energy Carolinas, LLC     

                                                                                                                                                                                                                                                                                                                                                                                                                        

ParameterParameterParameterParameter SWS IDSWS IDSWS IDSWS ID UnitsUnitsUnitsUnits

CertificateCertificateCertificateCertificate

CodeCodeCodeCode 1804 MW-11804 MW-11804 MW-11804 MW-1 1804 MW-21804 MW-21804 MW-21804 MW-2 1804 MW-31804 MW-31804 MW-31804 MW-3 1804 MW-41804 MW-41804 MW-41804 MW-4 1804 MW-51804 MW-51804 MW-51804 MW-5

1804 1804 1804 1804 

Field BlankField BlankField BlankField Blank
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Table 3 - North Carolina Administrative Code (NCAC) 2L Groundwater Quality ExceedancesTable 3 - North Carolina Administrative Code (NCAC) 2L Groundwater Quality ExceedancesTable 3 - North Carolina Administrative Code (NCAC) 2L Groundwater Quality ExceedancesTable 3 - North Carolina Administrative Code (NCAC) 2L Groundwater Quality Exceedances

Duke Energy Carolinas, LLC/Marshall Steam StationDuke Energy Carolinas, LLC/Marshall Steam StationDuke Energy Carolinas, LLC/Marshall Steam StationDuke Energy Carolinas, LLC/Marshall Steam Station

Dry Ash Landfill - Permit No. 1804Dry Ash Landfill - Permit No. 1804Dry Ash Landfill - Permit No. 1804Dry Ash Landfill - Permit No. 1804

Groundwater Monitoring ReportGroundwater Monitoring ReportGroundwater Monitoring ReportGroundwater Monitoring Report

ParameterParameterParameterParameter Well IDWell IDWell IDWell ID ResultResultResultResult UnitsUnitsUnitsUnits

15A NCAC15A NCAC15A NCAC15A NCAC

2L Standard2L Standard2L Standard2L Standard Historic ConcentrationsHistoric ConcentrationsHistoric ConcentrationsHistoric Concentrations Cause and SignificanceCause and SignificanceCause and SignificanceCause and Significance

MW-1 5.8 SU 5.2 - 6.2 pH consistent with historic readings at MW-1.

MW-2 5.2 SU 5.1 - 6.1 pH consistent with historic readings at MW-2.

MW-3 4.8 SU 4.4 - 5.4 pH consistent with historic readings at MW-3.

MW-4 5.9 SU 5.1 - 6.3 pH consistent with historic readings at MW-4.

MW-5 5.3 SU 5.1 - 5.8 pH consistent with historic readings at MW-5.

Boron MW-2 3,030 ug/L 700 2,175 - 3,030
Boron concentration is the highest reading at MW-2. Well located adjacent to ash basin.  Groundwater in MW-2 is likely 

reflective of water quality in ash basin pond.

Manganese MW-3 57.1 ug/L 50 55.8 - 176.0 Manganese concentration consistent with historic concentrations at MW-3.

Selenium MW-2 37.2 ug/L 20 0.00 - 44.05
Selenium concentration consistent with historic readings at MW-2. Well located adjacent to ash basin.  Groundwater in MW-2 is 

likely reflective of water quality in ash basin pond.

Notes:

 1.  Concentrations presented in micrograms per liter (µg/L) except where noted.

 2.  15A NCAC 2L Standard is from "North Carolina Administrative Code, Title 15A: Department of Environment and Natural Resources, Subchapter 2L - Groundwater Classifications and Standards,"  NCDENR (last amended on January 1, 2010).

 3.  Data obtained from Electronic Data Deliverable (EDD) provided by Tim Hunsucker of Duke Energy Carolinas, LLC on September 17, 2012.

Sample Date:  August 27, 2012                                                                                                                                                                                                                                                                                                                                                                                                                   

pH 6.5 - 8.5
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