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• Attach a notification table with values that attain or exceed NC 2L groundwater standards or NC 2B surface water standards. The notification must
include a preliminary analysis of the cause and significance of each value. (e.g. naturally occurring, off-site source, pre-existing condition, etc.).
• Attach a notification table of any groundwater or surface water values that equal or exceed the reporting limits.
• Attach a notification table of any methane gas values that attain or exceed explosive gas levels. This includes any structures on or nearby the facility
(NCAC 13B .1629 (4)(a)(i).
• In accordance with NC General Statutes Chapter 89C and 89E and NC Solid Waste Management Rules 15A NCAC 138, be sure to affix a seal to the
bottom of this page, when applicable.
• Send the original signed and sealed form, any tables, and Electronic Data Deliverable to: Compliance Unit, NCDENR-DWM, Solid Waste Section,
1646 Mail Service Center, Raleigh, NC 27699-1646.

Contact for questions about data formatting. Include data preparer's name, telephone number and E-mail address:

Name: Trevor J. Benton, P.G. Phone: 864-288-1265

E-mail: trevor@blecorp.com

VVhite Oak Landfill ?78 Recycle Road
L.;lyde, North Carolina

NC Landfill Rule: Actual sampling dates (e.g.,
Facility Permit # (.0500 or .1600) October 20-24, 2006)D EJt'ri122.2010

Facility name: Facility Address:

Environmental Status: (Check all that apply)
D Initial/Background Monitoring 0 Detection Monitoring D Assessment Monitoring D Corrective Action

Type of data submitted: (Check all that apply)
)( Groundwater monitoring data from monitoring wells
)( Groundwater monitoring data from private water supply wells
)( Leachate monitoring data
)( Surface water monitoring data

D Methane gas monitoring data

D Corrective action data (specify)

D Other(specify)

Notification attached?
D No. No groundwater or surface water standards were exceeded.
~ Yes, a notification of values exceeding a groundwater or surface water standard is attached. It includes a list of groundwater and surface water

monitoring points, dates, analytical values, NC 2L groundwater standard, NC 28 surface water standard or NC Solid Waste GWPS and
preliminary analysis of the cause and significance of any concentration.o Yes, a notification of values exceeding an explosive methane gas limit is attached. It includes the methane monitoring points, dates, sample
values and explosive methane gas limits.

Trevor J. Benton, P.G. Hydrogeologist 864-288-1265

..:::;:---
Facility Representative Name (Pri Title (AreaCode)Telephone Number?_~c-.-_...".,__ 7/27/2010 Affix NC Licensed! Professional Geologist/Engineer Seal
-;:-7"'~'-''''''--''-':-~--=--~(--:;~:""-+_""""=::::= --=--:- Ihere: "\~tutu.",,
Signlif'lJre Date , •••••,,~ \-\ CAR III~ ••~~ ~ \ c.~'.t;,

~~ ••·\c.t.NS~l5~.?,v'-:,~~ ••• '.,; Oof".~--:y~i : '~:,= i SEAL 1 :." . " ..: ~ 2025 :::.. """. .~.~ -p,". ~ ~ l~ s
'\ ~ ••••C'OLO(;\~··~O$~ "'0 ••••••••."x..~'!II'"

""'"~ J. '0 "", .•1
1" •••• """

Revised 01/2007



 
 
 

 
 

 
REPORT OF GROUNDWATER QUALITY 
RESULTS & STATISTICAL ANALYSIS 

 

FIRST SEMI-ANNUAL SAMPLING EVENT OF 
2010 

 
WHITE OAK LANDFILL 

PERMIT NUMBER:  44-07 
HAYWOOD COUNTY, NORTH CAROLINA 

 
Prepared for: 

 
HAYWOOD COUNTY SOLID WASTE MANAGEMENT 

278 Recycle Road 
Clyde, North Carolina 28721 

 
 

Prepared By: 
 

BUNNELL-LAMMONS ENGINEERING, INC. 
6004 Ponders Court 

Greenville, South Carolina 29615 
 
 

July 27, 2010 
 

BLE Project Number J08-1957-05 



 
BUNNELL-LAMMONS ENGINEERING, INC. 

GEOTECHNICAL, ENVIRONMENTAL AND CONSTRUCTION MATERIALS CONSULTANTS 

 
 

6004  PONDERS COURT  PHONE   (864) 288-1265 
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July 27, 2010 
 
 
Haywood County Solid Waste Management 
278 Recycle Road 
Clyde, NC 28721 
 
Attention: Mr. Stephen King 
  Solid Waste Director 
 
Subject:  Report of Groundwater Quality Results & Statistical Analysis   
  First Semi-Annual Sampling Event of 2010 
  White Oak Landfill 
  Permit Number:  44-07 
  Haywood County, North Carolina 
  BLE Project Number J08-1957-05 
 
Dear Mr. King: 
 
As authorized, Bunnell-Lammons Engineering, Inc. (BLE) has performed the statistical analysis of 
groundwater quality data obtained during the first semi-annual sampling event of 2010 for the White 
Oak Municipal Solid Waste (MSW) and Construction and Demolition (C&D) Landfills.  The 
enclosed report describes the work performed and presents the results obtained with our conclusions. 
The purpose of this work was to statistically compare the laboratory analytical results of 
groundwater samples from the background monitoring wells to the downgradient monitoring wells at 
the subject landfill in accordance with Title 15A NCAC 13B .1632 (g), (h), and (i).  This report of 
the sampling and statistical analysis has been prepared for submittal to the North Carolina Division 
of Waste Management (NCDWM) in accordance with Rule 15A NCAC 13B .1632 (j). 
 
We appreciate the opportunity to serve as your geological consultant on this project and look 
forward to working with you on future projects.  If you have any questions, please contact us at 
(864) 288-1265. 
 
Sincerely, 
BUNNELL-LAMMONS ENGINEERING, INC. 
 
 
 
 
Trevor J. Benton, L.G.     Mark S. Preddy, L.G.    
Project Geologist     Senior Geologist 
Licensed, North Carolina No. 2025   Licensed, North Carolina No. 1043 
 
 
cc:  Mr. Ervin Lane – NC DENR Solid Waste Section, 401 Oberlin Road, Ste. 150, Raleigh, NC 27605 



 
 
White Oak Landfill July 27, 2010 
Groundwater Statistics Report (First Event of 2010) BLE Project Number J08-1957-05 
 
 

2 

PROJECT INFORMATION 
 
The subject landfill site is located in Haywood County, North Carolina, approximately twelve miles 
north of the city of Waynesville on White Oak Road at exit 15 of Interstate 40 (Figure 1). The 
Subtitle D lined MSW landfill has ten groundwater monitoring wells consisting of two upgradient 
(MW-11S and MW-11D) and eight downgradient wells (MW-1A, MW-2, MW-2D, MW-3, MW-
3D, MW-4A, MW-8, and MW-9).  Monitoring wells MW-5A, MW-5D, MW-12, MW-13S, and 
MW-13D were abandoned during June and July 2009 as related to the construction of Phase No. 3 
at the facility.  Additionally, there are four surface water sampling points (SW-1, SW-2, SW-3, and 
SW-5), a leachate lagoon sampling point (LSP), and a settling pond sampling point (SPP). The 
C&D landfill, which is located on the same property, is monitored by one upgradient (MW-14), one 
downgradient well (MW-15), and two locations for surface water monitoring (SW-6 and SW-7). 
 
BLE was retained by Haywood County to prepare the semi-annual sampling reports for 2010.  
Historical data from multiple sources and in multiple formats had to be gathered from multiple 
sources and formats, and synthesized into this report.  Water quality data available to BLE extends 
back to April 1993, however, many of the currently existing wells were not present during the earlier 
sampling events.  As a result, the statistical database in this report uses data from sampling events 
ranging from April 2000 to the current sampling event (April 2010).  
 
This report presents data from the first semi-annual sampling event in 2010 for the site.  The water 
samples were collected and analyzed as required in North Carolina's regulations for operation of 
MSW and C&D landfills.   
 
 

FIELD ACTIVITIES, SAMPLING, AND ANALYSIS 
 
Groundwater and surface water samples were collected for the first semi-annual sampling event of 
2010 by personnel from Pace Analytical Services, Inc. (Pace) of Asheville, North Carolina on April 
21 through 22, 2010.  Sampling was performed in general accordance with the Operations Plan for 
the White Oak Landfill.  Summary tables of historic and current analytical results are attached in 
Appendix A (groundwater) and Appendix B (surface water).  
 
Water samples were collected from the monitoring wells, surface water points, and the LSP.  At the 
time of sampling, monitoring wells MW-3, MW-3D, and MW-9 were covered with fill soil and 
could not be accessed for sampling.  Additionally, surface water point SW-5 was no longer 
assessable due to site construction activities and could not be sampled, and the SSP sampling 
location was dry and was not sampled.  The collected samples were analyzed in the laboratory for 
North Carolina’s Appendix I list of constituents that include total metals and volatile organic 
compounds (VOCs) and in the field for pH, specific conductance, and temperature.  A copy of the 
Pace laboratory and field data is included in Appendix C.   
 
The water level data collected during the groundwater sampling is presented in Table 1.  A water 
table surface elevation contour map is presented as Figure 2 along with generalized groundwater 
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flow directions.  Flow velocity calculations are provided on Table 2.  Please note, hydraulic 
conductivity and effective porosity values for the existing wells were obtained from prior reports 
prepared by other consultants. 
 
 

SUMMARY OF LABORATORY RESULTS 
 
Groundwater 
Concentrations of total arsenic (two wells), total barium (nine wells), total chromium (three wells), 
total cobalt (one well), total copper (two wells), total lead (two wells), total nickel (four wells), total 
vanadium (1 well), and total zinc (three wells) were detected in the groundwater monitoring wells 
during the current sampling event. None of the detected concentrations were above the North 
Carolina maximum contaminant level1 (MCL).  No VOC’s were detected.  A summary of the 
detected concentrations is included in Appendix A.   
 
Surface Water 
Total metals were detected in each of the five surface water samples, and the LPP samples during 
the current sampling event.  The detections included total arsenic (LSP), total barium (five surface 
waters, and the LSP), total chromium (LSP), total cobalt (LSP), total copper (LSP), total nickel 
(LSP), total vanadium (LSP), and total zinc (two surface waters, and the LSP).  No VOCs were 
detected in the samples from the surface water.  However, two VOCs (cis-1,2-dichloroethene and 
toluene) and phosphorus were detected in the LSP sample.  Only the detected concentration of 
toluene was above North Carolinas established surface water MCLs2; the other detections were 
either below the MCL or a MCL has not been established for the detected constituents.  Summary of 
the detected surface water concentrations is included in Appendix B. 
 
 

STATISTICAL METHODS PERFORMED 
 
The purpose of performing statistical analysis of groundwater quality data is to determine if a 
release of leachate has occurred from the landfill cells to the groundwater at the site.  The US EPA 
has prepared a guidance document for evaluating groundwater quality data titled Statistical Analysis 
of Groundwater Monitoring Data at RCRA Facilities – Unified Guidance (March 2009).  The 
procedures and methodology used for data analysis of this project are consistent with this US EPA 
guidance document, and meet or exceed the performance criteria specified in the North Carolina 
solid waste management rules Title 15A NCAC 13B .1632(g-i).  Five methods of statistical analysis 
were performed depending on the number of detected concentrations and the distribution of the data 
for a specific compound, as follows: 
 

                                                
1 North Carolina Department of Environment and Natural Resources, Classifications of Water Quality Standards, Section 15A NCAC 
2L.202, December 1, 2005. 
 
2 North Carolina Department of Environment and Natural Resources, “Redbook”, Surface Waters and Wetlands Standards, Section 15A 
NCAC 02B.0100, .0200, and .0300, May 1, 2007. 
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1. If greater than 90% of the data were not detected, Poisson Tolerance Limits were performed. 
Additionally, Wilcoxon rank-sum tests were performed for those compounds that failed the 
initial Poisson Tolerance Limits test; 

2. If 15% to 90% of the data were not detected, the one-way non-parametric analysis of variance 
(ANOVA) Kruskal-Wallis rank-sum test was performed; 

 
3. If less than 15% of the data were not detected, and if the data was normally distributed and 

homogeneous, then one-way parametric ANOVA was performed.  If the data were not normally 
distributed and homogeneous, then a non-parametric type test was used (Kruskal-Wallis); 

 
4. Alternatively, if greater than 50% of the data were not detected, Poisson Prediction Limits may 

be performed, or if less than 50% of the data were not detected, Normal Prediction Limits may 
be performed; and 

 
5. Intrawell comparisons were performed, if necessary, using Shewhart-CUSUM control charts. 
 
 

SUMMARY OF STATISTICAL RESULTS 
 
The statistical analysis was performed on constituents that have been historically detected, and have 
been detected during the current sampling event.  The statistical results summarized on Table 3 and 
included in Appendix D indicate that: 
 
1. The Poisson Prediction Limit and Wilcoxon tests performed for total antimony, total selenium, 

total silver, total thallium, acetone, carbon disulfide, and 2-butanone did not calculate SSIs; and 
 
2. The Kruskal-Wallis tests and Shewhart-CUSUM control charts did not calculate SSIs for total 

arsenic, total beryllium, total cadmium, total chromium, total cobalt, total copper, total lead, 
total nickel, total vanadium, and total zinc.   
 

3. The ANOVA test and Shewhart-CUSUM control charts performed for total barium calculated a 
 SSIs in well MW-2. 

 
 

CONCLUSION 
 
Concentrations of various total metals were detected in the groundwater monitoring wells and surface 
water sampling points during the current sampling event.  Only the concentration of toluene in the leachate 
lagoons sampling point (LSP) was detected above North Carolina MCLs.  The remaining detected 
concentrations were either below North Carolina’s promulgated MCLs, or MCLs have not been 
established for a particular constituent.  Additionally, only total barium in well MW-2 was calculated to be 
statistically significant. 
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In summary, the detected concentrations of total metals are most likely naturally occurring and 
related to sample turbidity.  Metal cations typically adsorb to the surface of platy particles (clay and 
silt).  Therefore, turbidity of the groundwater and surface water samples will relate to detected 
concentrations of the metal cations. Consequently, the metal concentrations detected should be 
considered natural background concentrations.   
 
We recommend that the field sampling contractor test the groundwater for turbidity prior to sample 
collection during future sampling events, and that the monitoring wells that have been inadvertently 
covered with fill soil (MW-3, MW-3D, and MW-9) be uncovered and repaired prior to the next 
sampling event.  We also recommend that sampling continue on a semi-annual basis for the 
Appendix I list of VOCs and total metals constituents. 



 

 

TABLES 



Monitoring TOC
Well Elevation 10/30/03 4/20/04 10/21/04 4/18/05 10/13/05 4/25/06 10/20/06 4/26/07 10/31/07 4/24/08 10/20/08 4/22/09 10/26/09 4/22/10

MW-1A 2520.46 2502.66 2503.12 2502.74 2503.41 2502.02 2502.91 2501.25 2501.09 2495.77 2500.64 2495.39 2496.75 2497.21 2502.23
MW-2 2497.00 2466.57 2468.00 2466.94 2468.07 2466.29 2467.76 2466.13 2466.97 2465.40 2467.50 2465.51 2467.64 2466.22 2468.07
MW-2D 2497.94 2467.54 2469.02 2467.94 2469.11 2467.31 2468.76 2467.08 2467.94 2466.34 2468.34 2466.34 2468.69 2466.76 2469.12
MW-3 2437.66 2428.66 2430.25 2429.37 2430.96 2428.76 2430.98 2428.45 2429.31 2426.90 2429.66 2427.25 2429.42 NS NS
MW-3D 2436.90 2420.13 2421.07 2420.58 2421.33 2420.09 2421.13 2420.19 2420.20 2419.28 2420.51 2419.35 2420.13 NS NS
MW-4A 2499.45 2451.08 2451.13 2452.87 2452.32 2451.68 2449.88 2448.68 2448.37 2448.63 2448.98 2448.93 2448.89 NS 2454.63
MW-5A 2504.06 2498.18 2498.23 2497.91 2498.96 2497.97 2499.76 NS 2498.56 2497.51 2498.10 2496.81 2498.06 A A
MW-5D 2503.28 2496.77 2496.90 2496.63 2497.30 2496.68 2497.96 NS 2497.10 2496.47 2497.19 2496.03 2497.09 A A
MW-8 2477.70 2446.61 2447.54 2447.17 2448.00 2446.67 2447.74 2446.33 2446.96 2445.28 2446.98 2445.62 2446.89 2446.29 2447.51
MW-9 2430.15 2420.98 2421.06 2420.90 2421.02 2420.83 2420.99 2421.09 2420.87 2420.47 2420.75 2420.16 2420.78 NS NS
MW-11S 2674.58 2587.72 2589.31 2590.86 2592.08 2593.90 2594.94 2595.11 2593.96 2592.58 2590.76 2589.38 2587.83 2587.19 2588.70
MW-11D 2675.21 2587.93 2589.95 2590.84 2592.06 2593.84 2594.62 2594.89 2593.67 2592.31 2590.45 2588.91 2587.59 2587.16 2588.74
MW-12 2529.77 2519.19 2518.13 2517.47 2518.23 2517.57 2518.77 2517.65 2517.87 2517.00 2517.82 2516.93 2517.59 A A
MW-13S 2532.35 2521.63 2520.78 2519.68 2520.50 2520.03 2520.65 2519.56 2519.97 2518.60 2519.64 2518.42 2519.41 A A
MW-13D 2531.05 2520.31 2519.29 2518.41 2519.22 2518.74 2519.29 2518.42 2518.69 2517.61 2518.48 2517.37 2518.30 A A
MW-14 2711.69 2610.79 2611.66 2612.36 2613.19 2613.51 2612.41 2611.74 2610.50 2608.31 2607.56 2605.84 2605.24 2605.62 2608.80
MW-15 2547.41 2538.15 2538.46 2538.49 2538.70 2538.39 2538.71 2538.33 2538.33 2537.58 2538.06 2536.73 NS 2537.30 2541.26

NOTES:
1.  Elevations are in FEET above mean sea level (MSL)
2.  TOC  = top of casing
3.  Current water level measurements are from Pace Analytical Services field sampling notes
4.  NS  = Not sampled during event
5. A = Well abandoned.

BLE Project Number J08-1957-05

Groundwater Elevation Data

TABLE 1

POTENTIOMETRIC SURFACE DATA
White Oak Landfill

Haywood County, North Carolina

Table 1
White Oak GW Stats 1st 2010

Prepared By:  IAI
Checked By: TZS



cm/sec ft/min ft/day

MW-1A 1.50E-04 2.95E-04 4.25E-01 0.0782 0.114 0.29 106.42
MW-2 1.50E-04 2.95E-04 4.31E+00 0.0782 0.114 2.95 1,077.51
MW-3 1.50E-04 2.95E-04 4.31E+00 NA 0.114 NA NA
MW-4A 1.49E-04 2.93E-04 4.28E+00 0.0556 0.05 4.75 1,734.32
MW-8 1.50E-04 2.95E-04 4.31E+00 0.0782 0.114 2.95 1,077.51
MW-11S 2.40E-06 4.72E-06 6.89E-02 0.0574 0.114 0.03 12.66
MW-14 1.38E-05 2.72E-05 3.96E-01 0.0625 0.17 0.15 53.19
MW-15 2.10E-05 4.13E-05 6.03E-01 0.0625 0.17 0.22 80.94

Notes:  
1. Hydraulic conductivity and effective porosity values are from prior site hydrogeologic studies performed by others.
2. Hydraulic gradients and flow velocities calculated from measurements taken during the February 2010 sampling event.
3. Groundwater flow velocities calculated using the equation V = Ki/ne where
4. V = velocity
5. K = hydraulic conductivity
6. i = hydraulic gradient
7. ne = effective porosity
8. NA = information not available

Local 
Hydraulic 
Gradient 

(ft/ft)

Flow 
Velocity 
(ft/yr)

Flow 
Velocity 
(ft/day)

Effective 
Porosity 

TABLE 2

GROUNDWATER FLOW DATA
White Oak Landfill

Haywood County, North Carolina

Hydraulic Conductivity 

BLE Project Number J08-1957-05

Monitoring 
Well

Table 2
White Oak GW Stats 1st 2010

Prepared By:  IAI



TABLE 3

SUMMARY OF STATISTICAL ANALYSIS RESULTS
White Oak Landfill

Haywood County, North Carolina
BLE Project Number J08-1957-05

Chemical/ Percent Primary Primary Secondary Secondary SSI SSI Validated SSI Concentration Above MCL
Compound ND Statistical Test Pass/Fail Statistical Test Pass/Fail Calculated as Leachate During Current Event
Total Antimony 97% Poisson Prediction Limits Pass - - - - -
Total Arsenic 88% Kruskal-Wallis Fail Shewhart-CUSUM Pass - - -
Total Barium 9% ANOVA Fail Shewhart-CUSUM Fail MW-2 No No
Total Beryllium 81% Kruskal-Wallis Fail Shewhart-CUSUM Pass - - -
Total Cadmium 82% Kruskal-Wallis Pass - - - - -
Total Chromium 49% Kruskal-Wallis Fail Shewhart-CUSUM Pass - - -
Total Cobalt 60% Kruskal-Wallis Fail Shewhart-CUSUM Pass - - -
Total Copper 56% Kruskal-Wallis Fail Shewhart-CUSUM Pass - - -
Total Lead 68% Kruskal-Wallis Fail Shewhart-CUSUM Pass - - -
Total Nickel 44% Kruskal-Wallis Fail Shewhart-CUSUM Pass - - -
Total Selenium 98% Poisson Prediction Limits Pass - - - - -
Total Silver 99% Poisson Prediction Limits Pass - - - - -
Total Thallium 91% Poisson Prediction Limits Pass - - - - -
Total Vanadium 49% Kruskal-Wallis Fail Shewhart-CUSUM Pass - - -
Total Zinc 24% Kruskal-Wallis Fail Shewhart-CUSUM Pass - - -
Acetone 99% Poisson Prediction Limits Pass - - - - -
Carbon Disulfide 98% Poisson Prediction Limits Pass - - - - -
2-Butanone 99% Poisson Prediction Limits Pass - - - - -

Notes:
1.  MCL = Maximum Contaminant Level
2.  SSI = Statistically Significant Increase

Table 3
White Oak GW Stats 1st 2010

Prepared By:  IAI
Checked By: MSP
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APPENDIX A 
 

SUMMARY TABLES OF GROUNDWATER ANALYTICAL RESULTS 























































 

 

APPENDIX B 
 

SUMMARY TABLE OF SURFACE WATER ANALYTICAL RESULTS 











































 

 

APPENDIX C 
 

LABORATORY ANALYTICAL RESULTS 





































































































































 

 

 
APPENDIX D 

 
STATISTICAL CALCULATIONS 
























































































































































