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As authorized, Bunnell-Lammons Engineering, Inc. (BLE) has performed the statistical analysis of
groundwater quality data obtained during the first semi-annual sampling event of2008 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 hydrogeological 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.
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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 IS of Interstate 40 (Figure I).

The Subtitle D lined MSW landfill has fifteen groundwater monitoring wells consisting of two

upgradient (MW-llS and MW-llD) and thirteen downgradient wells (MW-IA, MW-2, MW-2D,

MW-3, MW-3D, MW-4A, MW-5A, MW-5D, MW-8, MW-9, MW-12, MW-13S, and MW-13D).

Additionally, there are four surface water sampling points (SW-l, SW-2, SW-3, and SW-5), a

leachate lagoon sampling point (LSP), and a settling pond sampling point. 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 2008.

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 2008).

This report presents data from the first semi-annual sampling event in 2008 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, surface water, and leachate samples were collected for the first semi-annual sampling

event of 2008 by personnel from Pace Analytical Services, Inc. (Pace) of Asheville, North Carolina

on April 23 and 24, 2008. Sampling was perfonned 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).
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Groundwater samples were collected from each of the monitoring wells, surface water points,

leachate lagoon sampling point, and settling pond. The samples were analyzed in the laboratory for

North Carolina's Appendix 1 list of constituents that include total metals and volatile organic

compounds (VOCs) and in the field for pH, specific conductance, and temperature. Additionally, the

LSP was also analyzed for BOD, COD, sulfate, nitrate, nitrite, and nitrogen. 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 I. A water

table surface elevation contour map is presented as Figure 2 along with generalized groundwater 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

Concentrations of total arsenic (two wells), total barium (17 wells), total beryllium (one well), total

cadmium (one well), total chromium (six wells), total cobalt (three wells), total copper (three wells),

total lead (three wells), total nickel (eleven wells), total vanadium (11 wells), and total zinc (14 wells)

were detected in the groundwater monitoring wells during the current sampling event.

Concentrations of total lead in MW -15 were detected above North Carolina maximum contaminant

levels' (MCLs). No VOCs were detected. A summary of the detected concentrations is included in

Appendix A.

Total barium was detected in each of the six surface water samples, LSP, and settling pond during the

current sampling event; but North Carolina has not established surface wate? MCL for this

constituent. Additionally, total cadmium (SW-5), total chromium (SW-5 and LSP), total cobalt (SW-

5, LSP, and STP), total nickel (SW-5 and LSP), total vanadium (SW-5 and LSP), and total zinc (SW-

INorth Carolina Depaltment of Environment and Natural Resources, Classifications of Water Quality Standards, Section l5A NCAC
2L.202, December 1,2005.

2 North Carolina Department of Environment and Natural Resources, "Redbook", Surface Waters and Wetlands Standards, Section 15A
NCAC 028.0100, .0200, and .0300, May 1,2007.
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2 through SW-5, LSP, and settling pond) were detected in the surface water samples during the first

semi-annual sampling event for 2008; but the detections were either below North Carolina surface

water MCLs or an MCL has not been established for these constituents. No VOCs were detected. A

summary of the detected surface water concentrations is included in Appendix B.

STATISTICAL METHODS PERFORMED

The purpose of perfonning 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 guidance documents for evaluating groundwater quality data, which include the Statistical

Analysis of Groundwater Monitoring Data at RCRA Facilities - Interim Final Guidance (April 1989)

and the Addendum to the Interim Final Guidance (July 1992). The procedures and methodology used

for data analysis of this project are consistent with these US EPA guidance documents, and meet or

exceed the perfonnance criteria specified in the North Carolina solid waste management rules Title

15A NCAC 138 .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:

I. If greater than 90% of the data were not detected, Poisson Tolerance Limits were perfornled.
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 ANOV A 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
perfonned; and

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

3
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SUMMARY OF STATISTICAL RESULTS

The statistical results of the sampling events summarized on Table 3 and included in Appendix 0

indicate that:

I. The Poisson Prediction Limit and Wilcoxon tests performed for total antimony, total selenium,
total silver, total thallium, and carbon disulfide 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 perfonned for total barium did not

calculate SSIs.

CONCLUSION

Concentrations of various total metals were detected in the groundwater monitoring wells and surface

water sampling points during the current sampling event. No VOCs were detected. Only

concentrations of total lead in MW-15 were 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, none of the constituents were calculated

to be statistically significant.

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. We also recommend that sampling continue on a semi-

annual basis for the Appendix I list of VOCs and total metals constituents.
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