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May 29, 2009

Ms. Jaclynne Drummond
Solid Waste Section
Division of Waste Management
North Carolina Department of Environment and Natural Resources
401 Oberlin Road, Suite 150
Raleigh, NC  27605

Re:    Groundwater Sampling Report and Statistical Analysis
          Greene County Closed unlined MSWLF and Active C&D Landfill
          Permit No. 40-02
          MESCO Project No. G08010.0

Dear Ms. Drummond:

Introduction
The Greene County Closed Unlined MSWLF and Active Construction and Demolition (C&D) Landfill located near 
Walstonburg NC, currently operating under permit #40-02 is required to submit semi-annual compliance reports as a 
condition of 15A NCAC 13B.1630.  This event was completed on September 29, 2008 and performed according to 
the semi-annual monitoring schedule prescribed by the NC Solid Waste Section rules/regulations.  

The closed MSWLF ceased operation prior to 1998 and the C&D landfill continues operation upon the closed 
MSWLF.  Since they are in essence one contiguous landfill, they are treated as a single unit for overall continuity in 
reporting and are monitored under the .1600 rules.  The assessment monitoring program consists of six groundwater 
and two surface water sampling locations.  This report includes a summary of field procedures, laboratory analysis, 
statistical analysis, tables and graphs of current/historical data, single-day potentiometric map with flow 
directions/rates, and the complete laboratory analytical report.  

Sampling Procedure
This sampling event consisted of collection of water samples from five downgradient groundwater monitoring wells 
(MW-4, MW-5, MW-6, MW-7, MW-8), one background well (MW-1R), and two surface water sampling points 
(Upstream, Downstream) with all locations shown upon the enclosed single-day potentiometric map or the separate 
surface water map.  A water level reading was also obtained from a single piezometer (PZ-2) in order to better 
characterize the flow regime.  This sampling event was conducted by Environment 1 Inc., (E1) of Greenville, NC.  

All sampling was reported to be conducted utilizing methodology outlined in the NCDENR Solid Waste Section 
Guidelines for Groundwater, Soil, and Surface Water Sampling revised April 2008.  The depth to water in each well 
was gaged prior to purging to quantify the static water level and utilized for construction of the attached single-day 
potentiometric map.  The required field parameters (pH, specific conductance, and temperature) were measured 
upon sample extraction.  

All samples were collected by E1 in laboratory prepared prepreserved containers.  All samples were properly 
collected and transported to E1 in Greenville NC under proper chain of custody (C-O-C) within the specified hold 
times for each analysis.  



Field and Laboratory Results 
All of the groundwater monitoring wells and surface water monitoring locations contained in the Sampling and 
Analysis Plan (SAP) adopted from the Transition Plan were sampled during this event.  All of the groundwater and 
surface water locations were analyzed for the complete Appendix I list of volatile organic compounds (VOCs) and 
total metals.  Additional water samples were obtained from every monitoring well and analyzed for the C&D 
parameter list as outlined in 15A NCAC 13B.0544 (D) which includes (alkalinity, sulfate, TSS, iron, manganese, 
chloride, and mercury).  The data for all of the C&D parameters are presented in this report but since this specific 
facility is operating under the .1600 rules and has been in operation prior to promulgation of 15A NCAC 13B .0547, 
they are exempt from these additional parameters outlined in  15A NCAC 13B .0544.  This facility is required to 
monitor in accordance with .1634-.1637.  Quality control measures were also implemented during this event which 
included submittal and subsequent quantification of a trip (TB) and equipment (EB) blanks.

The field parameters are included in the laboratory analysis report and the data appears to be generally consistent 
relative to each other and congruent with data historically reported.  All water samples were analyzed utilizing the 
stringent Method Detection Limits (MDL) with reference to the Solid Waste Section detection limit (SWSL) values 
current as of the sampling event.  All detected constituents were referenced to the Groundwater Protection Standards 
(GWP) and compared to the North Carolina Groundwater Standards (NCGW2L) or the North Carolina Surface 
Water Standards (NCSW2B) for regulatory exceedance.  The results are shown in the enclosed tables titled 
“Detection Scan”.  

Inorganic constituents (total metals) continue to be detected within all of the monitoring locations in concentrations 
above the SWSL with the exception of MW-7.  Five (5) of the eighteen analyzed metals were found in 
concentrations above the SWSL.  Iron within background well MW-1R, manganese within MW-4, and the premier 
detection of cadmium within MW-5 were all found outside of their respective historical identified ranges.    

The following Table 1 summarize those VOC constituents that exceeded the NCGW2L/NCSW2B Standard during 
this monitoring event. 

Table 1. NCGW2L Exceedance Summary (VOCs)
Well Benzene 1,4-DCB VCM Cumulative Total 

NCGW2L 1 1 1 -
MW-4 3.4 5.9 7 16.3

Total 3.4 5.9 7 16.3
Underlined  indicatesdetected above own respective historical identified range.  “j” <SWSL therefore estimated concentration  

concentration  shown in  uq/L

Downgradient monitoring well MW-4 was again the only monitoring location found to contain VOC detections 
above the SWSL during this sampling event.  Monitoring well MW-4 continues to contain a mixture of dissolved 
phase aromatic hydrocarbons and the chlorinated aliphatic hydrocarbon (CAH) intermediates and biodegradation 
byproducts.  All VOCs detected above the NCGW2L Standard within MW-4 were found outside of their own 
respective identified range during this event.  Generally all of the detected VOCs are not grossly elevated, typical of 
contaminants commonly found in groundwater at MSWLF facilities and the source is likely attributed to leachate/ 
landfill gas (LFG) that originated from the closed unlined MSWLF.  

Sitewide cumulative quantifiable VOC concentrations were found at an all time high of 145.20 ug/L or at the 100 
percentile indicating that the current VOC concentrations are elevated compared to historical data.  It is important to 
note that the detection of acetone at (103 ug/L) within MW-4 skewed the cumulative VOC total.  However, even 
after discounting the relatively high acetone concentration the total cumulative VOC concentrations detected during 
this event would still be at the 100 percentile.  Results of temporal trend analysis at a 95% confidence level through 
Sen's Slope Estimator and Mann Kendall analysis indicate that the site-wide cumulative VOC concentrations have 
continued to increase since VOCs began to be detected within MW-4 in 2005.  

Statistical Analysis 
MESCO also completed the statistical analysis as required by the Solid Waste Section.  The statistical analysis was 
conducted upon all of the monitoring wells surrounding the entire lined landfill.  The purpose of these analyses is to 
determine, in comparison to background levels, statistical significance of the closed MSWLF parameters 
(Appendix I) constituents detected during the September 2008 event.
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Interwell Analyses (Metals)
A preliminary data screening was conducted upon the metals detected in all monitoring locations.  Also detected 
parameters with concentrations found below quantifiable levels (SWSL) and below those detected within the 
background well were eliminated and a statistical analysis was not conducted for that particular constituent/well.

An inter-well statistical analysis was conducted upon metals detected during this sampling event.  Since C&D 
Landfills are not required to complete statistical analysis and there is very limited historical data iron and manganese 
were were omitted from this analysis.  Monitoring well MW-1R was defined as the background well, and an upper 
tolerance limit (UTL) with 95% coverage was computed for each detected constituent from the background data at a 
95% level of confidence.  For each tested constituent, an appropriate statistical analysis method was selected based 
on the percentages of non-detects (%ND) in the historical background data.  The following table (Table 3) 
summarizes the methods used for four different %ND ranges.

Table 2. Statistical Analysis Methods for Various %ND Ranges
%ND Analysis Method ND Substitution

%ND<15% Parametric tolerance limit 1/2 ND
15%<%ND<50% Parametric tolerance limit Cohen or 1/2 ND
50%<%ND<90% Non-parametric tolerance limit 1/2 ND

      90%<%ND Poisson tolerance limit -

NOTE: For parametric tolerance interval, normality of the background data was checked by the Shapiro-Wilks normality test, as the method 
requires that the data be normally distributed.

A total of two metals underwent interwell analysis.  For cadmium found within MW-5, the Poisson Tolerance limit 
with no ND substitution was utilized upon the original data as cadmium has rarely been detected within the 
background well.  The detection of zinc within MW-8 was analyzed via the non-parametric tolerance limit method 
with ½ ND substitution as the background data was not normally distributed.  

Poisson Prediction Interval (VOCs)
All historical VOC detections in the background well MW-1R were pooled to determine the total number of 
detections, from which the expected number of detections in a single downgradient monitoring point (y*) was 
derived by utilizing the Poisson prediction interval.  The parameter y*is defined by the following equation:

y*=cy t2 c
2
tc y11

c t2

4
          where

c = 1/ n  ( n =number of background samples)
t = one-sided value of students t -Statistic at 95% confidence a

y = number of events observed in n previous samples
y* = expected number of events in a single future sample

a Gibbons, R.D., 1994, Statistical methods for groundwater monitoring: John Wiley & Sons, Inc., p.12.

For each monitoring location showing any VOC detections, the number of detected VOCs was counted with each 
detection being considered a “hit”.  The number was then compared with the expected number of detections derived 
from the background VOC data. The value of Student’s t -Statistic was derived from tabulated values included in 
Gibbons (1994). 

Results

Data distributions were reviewed using box and whiskers plots.  In order to evaluate variability in concentrations 
with respect to time and season, time series plots were generated for all of the analytes detected above the NCGW2L 
Standard.  Time series plots were also visually evaluated for seasonality and “outliers” (defined as data that appears 
to be incongruent with respect to historical results).  The results of the Dixon's test for outliers indicate that the 
detected concentration of cadmium within MW-5 is an outlier but not rejected.  No apparent Seasonality was found 
in the latest data record.
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The numbers of metal detections continue to be consistent with historical results.  The interwell analysis results 
conducted upon all of the monitoring wells indicate that none of the metal concentrations have increased over 
background levels during this event.  Concentrations of cadmium within MW-5 were found slightly above the 
NCGW2L Standard were found to not be statistically significant but an outlier, indicating that the presence is likely 
not attributed to the closed MSWLF.  

The Poisson Tolerance Interval at a 95% confidence level was completed for all of the VOCs detected above the 
SWSL or the NCGW2L Standard.  Due to the lack of historical VOC detections within the background well any 
VOC detection is considered statistically significant via the Poisson Tolerance Interval.  Downgradient MW-4 was 
the only monitoring location found to be impacted statistically by VOCs and the detections are summarized in the 
following table 4.

Table 4.  Poisson Tolerance Interval Analyses Summary for VOCs

Well 1,4-DCB Benzene Toluene Cis-1,2DCE Acetone DCM EtCl VCM Cumulative 

Maximum 
Historical 

Cumulative 
MW-4 5.9 3.4 1.9 11.6 103 1.1 11.3 7 145.2 145.2

Total 5.9 3.4 1.9 11.61 103 1.1 11.3 7 145.2 145.2
Bold indicates detected >= NCGW2L  Underlined   i  ndicates detected above own respective historical identified range

concentration (uq/L

The total cumulative VOC concentration during this event was found at the highest ever recorded indicating that 
groundwater quality has not improved when compared to previous events.  All VOCs detected within MW-4 during 
this event have previously been found within this specific location.  Concentrations of five (5) VOCs including 
1,4-dichlorobenzene, benzene, acetone, dichloromethane, chloroethane, and vinyl chloride were all detected in 
concentrations outside of their own  respective historical identified range.  MW-4 was previously sampled for the 
full Appendix II list of parameters in May 2007 with no constituents detected above the referenced Standards other 
than those tabulated with the Appendix I list.  

Groundwater and Surface Water Characterization
MESCO completed and enclosed the required single day potentiometric map from ground water elevation data 
reported by E1 during this event.  Groundwater flow rates and directions were also calculated based upon this data 
and are included in the attached table.  The flow rates ranged from approximately 2ft./yr. (MW-4) to 37 ft./yr. (MW-
7) averaging approximately 17 ft./yr.  The flow directions and gradients are generally consistent with historical 
observations.

Conclusion
The statistical analysis results conclude that only the surficial aquifer in close proximity to MW-4 continues to be 
impacted by dissolved phase VOCs.  Research continues to indicate that the contaminants will remain isolated 
within the relevant compliance boundary for a reasonable period of time.  There is evidence that natural attenuation 
has occurred and is expected to continue.  The closed MSWLF has a cohesive cap to reduce peculation/leachate 
generation, institutional controls are in place, and there are no known potential receptors within 2,000 feet of the 
property boundary.  Therefore there are no crucial or critical conditions that would warrant emergency measures or 
actions at this time.  

The site was sampled again on March 30, 2009 and the report/statistical analysis will be submitted upon completion. 
Please contact me either by phone at (919) 772-5393, or by email at jpfohl@mesco.com should you have any 
questions or concerns regarding this report.
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Sincerely,

MUNICIPAL ENGINEERING SERVICES CO., P.A.

Jonathan Pfohl
Environmental Specialist

Enclosures
cc:      Mr. David Jones
           Greene County
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Greene County Closed MSWLF and C&D Landfill Page 1 of 6

Detection Scan All Detections above SWSL, GWP, and NCGW2L
Greene County Closed MSWLF and C&D Landfill

Well ID Result Unit Preliminary Cause

MW-1R Barium 9/29/08 124 0.34 100 2000
MW-1R Chloride 9/29/08 103000 5000 250000
MW-1R Iron 9/29/08 502 14.0 300 300 202 Natural
MW-1R Total Dissolved Solids 9/29/08 211000 1000 500000

MW-4 9/29/08 5.9 0.21 1 1.4 4.5 Leachate &/or LFG
MW-4 Acetone 9/29/08 103 1.21 100 700
MW-4 Benzene 9/29/08 3.4 0.16 1 1 2.4 Leachate &/or LFG
MW-4 Chloride 9/29/08 9000 5000 250000
MW-4 9/29/08 11.3 0.29 10 2800
MW-4 9/29/08 11.6 0.14 5 70
MW-4 Iron 9/29/08 21100 14.0 300 300 20800 Natural
MW-4 Manganese 9/29/08 171 0.50 50 50 121 Natural
MW-4 Methylene Chloride 9/29/08 1.1 0.14 1 4.6
MW-4 Toluene 9/29/08 1.9 0.13 1 1000
MW-4 Total Dissolved Solids 9/29/08 111000 1000 500000
MW-4 Vinyl Chloride 9/29/08 7 0.34 1 0.015 6.985 Leachate &/or LFG

MW-5 Cadmium 9/29/08 2 0.04 1 1.75 0.25 Natural
MW-5 Chloride 9/29/08 8000 5000 250000
MW-5 Iron 9/29/08 11055 14.0 300 300 10755 Natural
MW-5 Total Dissolved Solids 9/29/08 50000 1000 500000

MW-6 Chloride 9/29/08 7000 5000 250000
MW-6 Iron 9/29/08 658 14.0 300 300 358 Natural
MW-6 Total Dissolved Solids 9/29/08 80000 1000 500000

MW-7 Chloride 9/29/08 5000 5000 250000
MW-7 Total Dissolved Solids 9/29/08 42000 1000 500000

MW-8 Chloride 9/29/08 6000 5000 250000
MW-8 Total Dissolved Solids 9/29/08 43000 1000 500000
MW-8 Zinc 9/29/08 10 1.86 10 1050

Upstream Zinc 9/29/08 19 1.86 10 50

Downstream Zinc 9/29/08 45 1.86 10 50

LFG = Landfill Gas
NE = Not Established

Parameter Name 1 Sample 
Date MDL 2 SWSL 3 NCGW 

2L 4
NCSW

2B 5 GWP 6 Exceedance

ug/l
ug/l
ug/l
ug/l

1,4-Dichlorobenzene ug/l
ug/l
ug/l
ug/l

Chloroethane ug/l
Cis-1,2-Dichloroethene ug/l

ug/l
ug/l
ug/l
ug/l
ug/l
ug/l

ug/l
ug/l
ug/l
ug/l

ug/l
ug/l
ug/l

ug/l
ug/l

ug/l
ug/l
ug/l

ug/l

ug/l
1 Table only contains detected constituents detected above the SWSL, GWP, NCGW2L or NCSW2B Standards
2 MDL = Method Detection Limit
3 SWSL = Solid Waste Section Reporting Limit (Current as of Sampling Event)
4 NCGW2L = North Carolina Ground Water 2L Standard (Current as of Sampling Event)
5 NCSW2B = North Carolina Surface Water 2B Standard for Specific Stream Classification (Current as of Sampling Event)



Greene County Closed MSWLF and C&D Landfill Page 2 of 6

Detection Scan All Detections Reported by Laboratory
Greene County Closed MSWLF and C&D Landfill

Well ID Result Unit

MW-1R 9/29/08 1.6 0.85 100 4200
MW-1R Acetone 9/29/08 2.6 1.21 100 700
MW-1R Arsenic 9/29/08 0.4 0.07 10 50
MW-1R Barium 9/29/08 124 0.34 100 2000
MW-1R Beryllium 9/29/08 0.2 0.17 1 4
MW-1R Cadmium 9/29/08 0.3 0.04 1 1.75
MW-1R Chloride 9/29/08 103000 5000 250000
MW-1R 9/29/08 0.2 0.18 1 2.6
MW-1R Chromium 9/29/08 0.7 1.38 10 50
MW-1R Cobalt 9/29/08 0.5 2.53 10 70
MW-1R Copper 9/29/08 2.3 2.24 10 1000
MW-1R Iron 9/29/08 502 14.0 300 300 202 Natural
MW-1R Lead 9/29/08 1.8 0.04 10 15
MW-1R Manganese 9/29/08 24 0.50 50 50
MW-1R Mercury 9/29/08 0.04 0.13 0.2 1.1
MW-1R Nickel 9/29/08 1.5 1.35 50 100
MW-1R Selenium 9/29/08 0.5 0.14 10 50
MW-1R Sulfate 9/29/08 10900 5000 250000 250000
MW-1R Thallium 9/29/08 0.2 0.04 5 0.28
MW-1R Total Alkalinity 9/29/08 1000 1000
MW-1R Total Dissolved Solids 9/29/08 211000 1000 500000
MW-1R Vanadium 9/29/08 0.7 1.21 25 3.5
MW-1R Zinc 9/29/08 7 1.86 10 1050
MW-4 9/29/08 1.2 0.16 5 70
MW-4 9/29/08 5.9 0.21 1 1.4 4.5 Leachate &/or LFG
MW-4 9/29/08 7.2 0.85 100 4200
MW-4 Acetone 9/29/08 103 1.21 100 700
MW-4 Antimony 9/29/08 0.2 0.08 6 1.4
MW-4 Arsenic 9/29/08 4.8 0.07 10 50
MW-4 Barium 9/29/08 55 0.34 100 2000
MW-4 Benzene 9/29/08 3.4 0.16 1 1 2.4 Leachate &/or LFG
MW-4 Beryllium 9/29/08 0.1 0.17 1 7
MW-4 Cadmium 9/29/08 0.3 0.04 1 1.75
MW-4 Chloride 9/29/08 9000 5000 250000
MW-4 9/29/08 1.5 0.13 3 50
MW-4 9/29/08 11.3 0.29 10 2800
MW-4 9/29/08 0.2 0.18 1 2.6
MW-4 Chromium 9/29/08 0.7 1.38 10 50
MW-4 9/29/08 11.6 0.14 5 70
MW-4 Cobalt 9/29/08 1.4 2.53 10 70
MW-4 Copper 9/29/08 4.1 2.24 10 1000
MW-4 9/29/08 0.2 0.16 1 550
MW-4 Iron 9/29/08 21100 14.0 300 300 20800 Natural
MW-4 Lead 9/29/08 2.8 0.04 10 15
MW-4 Manganese 9/29/08 171 0.50 50 50 121 Natural
MW-4 Mercury 9/29/08 0.11 0.13 0.2 1.1
MW-4 Methylene Chloride 9/29/08 1.1 0.14 1 4.6
MW-4 Nickel 9/29/08 1.8 1.35 50 100
MW-4 Selenium 9/29/08 1.1 0.14 10 50
MW-4 Silver 9/29/08 0.1 2.32 10 18

Parameter Name 1 Sample 
Date MDL 2 SWSL 3 NCGW

2L 4
NCSW

2B 5 GWP 6 Exceed
ance

Preliminary 
Cause

2-Butanone ug/l
ug/l
ug/l
ug/l
ug/l
ug/l
ug/l

Chloromethane ug/l
ug/l
ug/l
ug/l
ug/l
ug/l
ug/l
ug/l
ug/l
ug/l
ug/l
ug/l
ug/l
ug/l
ug/l
ug/l

1,1-Dichloroethane ug/l
1,4-Dichlorobenzene ug/l
2-Butanone ug/l

ug/l
ug/l
ug/l
ug/l
ug/l
ug/l
ug/l
ug/l

Chlorobenzene ug/l
Chloroethane ug/l
Chloromethane ug/l

ug/l
Cis-1,2-Dichloroethene ug/l

ug/l
ug/l

Ethylbenzene ug/l
ug/l
ug/l
ug/l
ug/l
ug/l
ug/l
ug/l
ug/l



Greene County Closed MSWLF and C&D Landfill Page 3 of 6

Well ID Result UnitParameter Name 1 Sample 
Date MDL 2 SWSL 3 NCGW

2L 4
NCSW

2B 5 GWP 6 Exceed
ance

Preliminary 
Cause

MW-4 Sulfate 9/29/08 11600 5000 250000 250000
MW-4 Thallium 9/29/08 0.1 0.04 5 0.28
MW-4 Toluene 9/29/08 1.9 0.13 1 1000
MW-4 Total Alkalinity 9/29/08 114000 1000
MW-4 Total Dissolved Solids 9/29/08 111000 1000 500000
MW-4 9/29/08 0.5 0.13 1 2.8
MW-4 Vanadium 9/29/08 2.3 1.21 25 3.5
MW-4 Vinyl Chloride 9/29/08 7 0.34 1 0.015 6.985 Leachate &/or LFG
MW-4 Zinc 9/29/08 4 1.86 10 1050
MW-5 Acetone 9/29/08 2.9 1.21 100 700
MW-5 Arsenic 9/29/08 3.2 0.07 10 50
MW-5 Barium 9/29/08 24.4 0.34 100 2000
MW-5 Beryllium 9/29/08 0.1 0.17 1 4
MW-5 Cadmium 9/29/08 2 0.04 1 1.75 0.25 Natural
MW-5 Chloride 9/29/08 8000 5000 250000
MW-5 Chromium 9/29/08 0.2 1.38 10 50
MW-5 9/29/08 0.4 0.14 5 70
MW-5 Cobalt 9/29/08 0.4 2.53 10 70
MW-5 Copper 9/29/08 2.2 2.24 10 1000
MW-5 Iron 9/29/08 11055 14.0 300 300 10755 Natural
MW-5 Lead 9/29/08 1.5 0.04 10 15
MW-5 Manganese 9/29/08 32 0.50 50 50
MW-5 Mercury 9/29/08 0.09 0.13 0.2 1.1
MW-5 Nickel 9/29/08 1.1 1.35 50 100
MW-5 Selenium 9/29/08 0.2 0.14 10 50
MW-5 Silver 9/29/08 0.1 2.32 10 18
MW-5 Total Alkalinity 9/29/08 14000 1000
MW-5 Total Dissolved Solids 9/29/08 50000 1000 500000
MW-5 Vanadium 9/29/08 0.4 1.21 25 3.5
MW-5 Zinc 9/29/08 6.3 1.86 10 1050
MW-6 9/29/08 1 0.85 100 4200
MW-6 Acetone 9/29/08 1.9 1.21 100 700
MW-6 Antimony 9/29/08 0.4 0.08 6 1.4
MW-6 Arsenic 9/29/08 0.2 0.07 10 50
MW-6 Barium 9/29/08 11.3 0.34 100 2000
MW-6 Beryllium 9/29/08 0.1 0.17 1 4
MW-6 Cadmium 9/29/08 0.9 0.04 1 1.75
MW-6 Chloride 9/29/08 7000 5000 250000
MW-6 Chromium 9/29/08 0.2 1.38 10 50
MW-6 Cobalt 9/29/08 0.1 2.53 10 70
MW-6 Copper 9/29/08 0.5 2.24 10 1000
MW-6 Iron 9/29/08 658 14.0 300 300 358 Natural
MW-6 Lead 9/29/08 0.4 0.04 10 15
MW-6 Manganese 9/29/08 9.2 0.50 50 50
MW-6 Mercury 9/29/08 0.05 0.13 0.2 1.1
MW-6 Nickel 9/29/08 0.2 1.35 50 100
MW-6 Silver 9/29/08 0.1 2.32 10 18
MW-6 Sulfate 9/29/08 11600 5000 250000 250000
MW-6 Thallium 9/29/08 0.1 0.04 5 0.28
MW-6 Total Alkalinity 9/29/08 3000 1000
MW-6 Total Dissolved Solids 9/29/08 80000 1000 500000
MW-6 Vanadium 9/29/08 0.5 1.21 25 3.5
MW-6 Zinc 9/29/08 8.2 1.86 10 1050

ug/l
ug/l
ug/l
ug/l
ug/l

Trichloroethene ug/l
ug/l
ug/l
ug/l
ug/l
ug/l
ug/l
ug/l
ug/l
ug/l
ug/l

Cis-1,2-Dichloroethene ug/l
ug/l
ug/l
ug/l
ug/l
ug/l
ug/l
ug/l
ug/l
ug/l
ug/l
ug/l
ug/l
ug/l

2-Butanone ug/l
ug/l
ug/l
ug/l
ug/l
ug/l
ug/l
ug/l
ug/l
ug/l
ug/l
ug/l
ug/l
ug/l
ug/l
ug/l
ug/l
ug/l
ug/l
ug/l
ug/l
ug/l
ug/l



Greene County Closed MSWLF and C&D Landfill Page 4 of 6

Well ID Result UnitParameter Name 1 Sample 
Date MDL 2 SWSL 3 NCGW

2L 4
NCSW

2B 5 GWP 6 Exceed
ance

Preliminary 
Cause

MW-7 9/29/08 1.2 0.85 100 4200
MW-7 Acetone 9/29/08 2.4 1.21 100 700
MW-7 Antimony 9/29/08 0.1 0.08 6 1.4
MW-7 Barium 9/29/08 43.6 0.34 100 2000
MW-7 Beryllium 9/29/08 0.2 0.17 1 4
MW-7 Cadmium 9/29/08 0.5 0.04 1 1.75
MW-7 Chloride 9/29/08 5000 5000 250000
MW-7 9/29/08 0.3 0.18 1 2.6
MW-7 Chromium 9/29/08 0.4 1.38 10 50
MW-7 Cobalt 9/29/08 0.7 2.53 10 70
MW-7 Copper 9/29/08 1 2.24 10 1000
MW-7 Lead 9/29/08 0.3 0.04 10 15
MW-7 Manganese 9/29/08 6 0.50 50 50
MW-7 Mercury 9/29/08 0.05 0.13 0.2 1.1
MW-7 Nickel 9/29/08 1 1.35 50 100
MW-7 Silver 9/29/08 0.1 2.32 10 18
MW-7 Sulfate 9/29/08 6300 5000 250000 250000
MW-7 Thallium 9/29/08 0.1 0.04 5 0.28
MW-7 Total Dissolved Solids 9/29/08 42000 1000 500000
MW-7 Vanadium 9/29/08 0.3 1.21 25 3.5
MW-7 Zinc 9/29/08 5.7 1.86 10 1050
MW-8 Acetone 9/29/08 1.9 1.21 100 700
MW-8 Barium 9/29/08 40.5 0.34 100 2000
MW-8 Beryllium 9/29/08 0.1 0.17 1 4
MW-8 Cadmium 9/29/08 0.8 0.04 1 1.75
MW-8 Chloride 9/29/08 6000 5000 250000
MW-8 Chloroform 9/29/08 0.3 0.13 5 70
MW-8 Chromium 9/29/08 0.2 1.38 10 50
MW-8 Cobalt 9/29/08 0.4 2.53 10 70
MW-8 Copper 9/29/08 2.3 2.24 10 1000
MW-8 Iron 9/29/08 91 14.0 300 300
MW-8 Lead 9/29/08 0.8 0.04 10 15
MW-8 Manganese 9/29/08 2.3 0.50 50 50
MW-8 Mercury 9/29/08 0.02 0.13 0.2 1.1
MW-8 Nickel 9/29/08 0.9 1.35 50 100
MW-8 Total Dissolved Solids 9/29/08 43000 1000 500000
MW-8 Vanadium 9/29/08 0.3 1.21 25 3.5
MW-8 Zinc 9/29/08 10 1.86 10 1050
Upstream 9/29/08 1.8 0.85 100 160000
Upstream Acetone 9/29/08 4.5 1.21 100 2000
Upstream Antimony 9/29/08 0.2 0.08 6 640
Upstream Arsenic 9/29/08 1.5 0.07 10 10
Upstream Barium 9/29/08 41.6 0.34 100 200000
Upstream Beryllium 9/29/08 0.1 0.17 1 6.5
Upstream Cadmium 9/29/08 0.1 0.04 1 2
Upstream 9/29/08 0.3 0.18 1 96
Upstream Chromium 9/29/08 2.7 1.38 10 50
Upstream Cobalt 9/29/08 0.5 2.53 10 270
Upstream Copper 9/29/08 3.8 2.24 10 7
Upstream Lead 9/29/08 2.7 0.04 10 25
Upstream Nickel 9/29/08 1.4 1.35 50 88
Upstream Selenium 9/29/08 0.3 0.14 10 5
Upstream Thallium 9/29/08 0.1 0.04 5 0.47

2-Butanone ug/l
ug/l
ug/l
ug/l
ug/l
ug/l
ug/l

Chloromethane ug/l
ug/l
ug/l
ug/l
ug/l
ug/l
ug/l
ug/l
ug/l
ug/l
ug/l
ug/l
ug/l
ug/l
ug/l
ug/l
ug/l
ug/l
ug/l
ug/l
ug/l
ug/l
ug/l
ug/l
ug/l
ug/l
ug/l
ug/l
ug/l
ug/l
ug/l

2-Butanone ug/l
ug/l
ug/l
ug/l
ug/l
ug/l
ug/l

Chloromethane ug/l
ug/l
ug/l
ug/l
ug/l
ug/l
ug/l
ug/l
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Well ID Result UnitParameter Name 1 Sample 
Date MDL 2 SWSL 3 NCGW

2L 4
NCSW

2B 5 GWP 6 Exceed
ance

Preliminary 
Cause

Upstream Vanadium 9/29/08 5.7 1.21 25 NE
Upstream Zinc 9/29/08 19 1.86 10 50
Downstream 9/29/08 4.1 0.85 100 160000
Downstream Acetone 9/29/08 11.5 1.21 100 2000
Downstream Antimony 9/29/08 0.2 0.08 6 640
Downstream Arsenic 9/29/08 2.4 0.07 10 10
Downstream Barium 9/29/08 35.3 0.34 100 200000
Downstream Beryllium 9/29/08 0.1 0.17 1 6.5
Downstream Cadmium 9/29/08 0.7 0.04 1 2
Downstream 9/29/08 0.4 0.18 1 96
Downstream Chromium 9/29/08 2.8 1.38 10 50
Downstream Cobalt 9/29/08 1.2 2.53 10 270
Downstream Copper 9/29/08 4.7 2.24 10 7
Downstream Lead 9/29/08 2.6 0.04 10 25
Downstream Nickel 9/29/08 2 1.35 50 88
Downstream Selenium 9/29/08 0.7 0.14 10 5
Downstream Styrene 9/29/08 0.2 0.16 1 NE
Downstream Vanadium 9/29/08 7.5 1.21 25 NE
Downstream Zinc 9/29/08 45 1.86 10 50
EB Acetone 9/29/08 1.4 1.21 100 700
EB Copper 9/29/08 0.3 0.05 10 1000
EB Lead 9/29/08 0.1 0.04 10 15
EB Manganese 9/29/08 0.9 0.50 50 50
EB Mercury 9/29/08 0.02 0.13 0.2 1.1
EB Vanadium 9/29/08 0.1 1.21 25 3.5
EB Zinc 9/29/08 3.2 1.86 10 1050
TB Acetone 9/29/08 2.3 1.21 100 700

LFG = Landfill Gas
NE = Not Established

ug/l
ug/l

2-Butanone ug/l
ug/l
ug/l
ug/l
ug/l
ug/l
ug/l

Chloromethane ug/l
ug/l
ug/l
ug/l
ug/l
ug/l
ug/l
ug/l
ug/l
ug/l
ug/l
ug/l
ug/l
ug/l
ug/l
ug/l
ug/l
ug/l

1 Table contains all constituents detected above MDL
2 MDL = Method Detection Limit
3 SWSL = Solid Waste Section Reporting Limit (Current as of Sampling Event)
4 NCGW2L = North Carolina Ground Water 2L Standard (Current as of Sampling Event)
5 NCSW2B = North Carolina Surface Water 2B Standard for Specific Stream Classification (Current as of Sampling Event)
6 GWP = Groundwater Protection Standard (Current as of Sampling Event)
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Greene County Closed MSWLF and C&D Landfill

MW-1R 1.20E-04 37% 0.027 9.2 N23E 4.38 117.4
MW-4 1.10E-04 40% 0.006 1.8 N46E 20.95 96.94
MW-5 1.40E-04 37% 0.041 15.9 N63E 20.48 95.28
MW-6 1.90E-04 43% 0.033 15.1 N23E 9.4 108.01
MW-7 1.98E-04 7% 0.013 36.8 N64E 15.65 94.83
MW-8 1.14E-03 7% 0.001 24.6 N52E 13.83 97.53

NOTE: Data for hydraulic conductivities for all but MW-7 & MW-8 obtained from 
GAI Consultants'  Water Quality Modifications (October, 1994)
Data for hydraulic conductivities for MW-7 & MW-8 obtained from slug tests performed by MESCO (June, 2007)

where

Hydrologic Properties at Monitoring Well Locations

Monitoring 
Well Hydraulic Conductivity 

(cm/sec)
Effective 

Porosity (%)
Hydraulic 
Gradient

Flow Rate 
(ft/yr)

Flow 
Direction

Water Table 
Depth (ft)

Water Table 
Elevation (ft)

Hydrologic Gradient taken from the September 29, 2008 sampling event.
Flow rate (Q) is defined by the equation:

K= hydraulic conductivity
ne = effective porosity
dh= head difference
dl= horizontal distance

Q=−
K
ne
⋅
dh
dl
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Inter-Well Analysis Summary
Greene County Closed MSWLF
Background Well: (MW-1R)

Cadmium, total

%ND Normality Method ND Adj. Unit

96.77 - Poisson Tolerance Limit ND 3

Well Result Significance

MW-5 2 no

Zinc, total

%ND Normality Method ND Adj. Unit

87.09 - Non-Parametric Tolerance interval 1/2ND 103

Well Result Significance

MW-8 10 no

NOTE: Bold-faced monitoring points indicate detected levels exceed NCGW2L Standard

Upper Limit 
(a = 95%)

ug/L

Upper Limit 
(a = 95%)

ug/L
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Greene County Closed MSWLF

Constituent Samples

31 31 100.00
1,1,1-Trichloroethane 31 31 100.00

31 31 100.00
1,1,2-Trichloroethane 31 31 100.00

31 31 100.00
31 31 100.00
31 31 100.00
31 31 100.00
31 31 100.00
31 31 100.00
31 31 100.00
31 31 100.00
31 31 100.00
31 31 100.00
31 31 100.00
31 31 100.00

Acetone 31 31 100.00
31 31 100.00

Benzene 31 31 100.00
31 31 100.00
31 31 100.00
31 31 100.00
31 31 100.00

Carbon disulfide 31 31* 100.00
Carbon tetrachloride 31 31 100.00

31 31 100.00
31 31 100.00

Chloroform 31 31 100.00
31 31 100.00
31 31 100.00
31 31 100.00
31 31 100.00
31 31 100.00
31 31 100.00
31 31 100.00
31 31 100.00

Styrene 31 31 100.00
31 31 100.00

Toluene 31 31 100.00
31 31 100.00
31 31 100.00
31 31 100.00
31 31 100.00
31 31 100.00

Vinyl acetate 31 31 100.00
Vinyl chloride 31 31 100.00
Xylene 31 31 100.00

Total 1457 1457 100.00

* = parameter historically detected but <Historical PQL or Current SWSL so considered ND for statistical analysis purposes

Summary of Pooled Appendix I VOCs in Background Well (MW-1R)

NDs % NDs

1,1,1,2-Tetrachloroethane

1,1,2,2-Tetrachloroethane

1,1-Dichloroethane
1,1-Dichloroethene
1,2,3-Trichloropropane
1,2-Dibromo-3-chloropropane
1,2-Dibromoethane
1,2-Dichlorobenzene
1,2-Dichloroethane
1,2-Dichloropropane
1,4-Dichlorobenzene
2-Butanone
2-Hexanone
4-Methyl-2-Pentanone

Acrylonitrile

Bromochloromethane
Bromodichloromethane
Bromoform
Bromomethane

Chlorobenzene
Chloroethane

Chloromethane
cis-1,2-Dichloroethene
cis-1,3-Dichloropropene
Chlorodibromomethane
Dibromomethane
Ethylbenzene
Iodomethane
Dichloromethane

Tetrachloroethylene

trans-1,2-Dichloroethene
trans-1,3-Dichloropropene
trans-1,4-Dichloro-2-butene
Trichloroethylene
Trichlorofluoromethane
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Greene County Closed MSWLF

Constituent MW-4

X
X

Benzene X
Vinyl Chloride X
Acetone X
Methylene Chloride X

X
Toluene X

Detection(s) per Scan 8.00

Total number of sampling events [n] = 31
Total number of detections in background wells [y] = 0

5
One-sided value of Student's t-statistic (95% confidence) [t] = 2.46

Expected number of detections in a single future sample [y*] = 0.1944

 Statistically Significant  VOC detections within MW-4 at a 95% confidence level 

Poisson Prediction Interval Based upon Pooled Background Appendix I VOCs

All detected VOCs >SWSL (Background Well: MW-1R)

1,4-Dichlorobenzene
cis-1,2-Dichloroethene

Chloroethane

x = Bold indicates detected levels exceed NCGW2L Standard

Number of comparisons (downgradient wells) [k] = 
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VOC Histogram for All Detections above SWSL, GWP, and NCGW2L
Greene County Closed MSWLF

# # #

MW-4 5 128.9 3 16.3 8 145.2 1,4-DCB, Benzene VCM Benzene, 1,4-DCB, VCM
Total 5 128.90 3 16.30 8 145.20 2 1 3
Table only contains VOC constituents detected above the SWSL, GWP,  NCGW2L, or NCSW2B Standard

SWSL = Solid Waste Section Reporting Limit (Current as of Sampling Event)

NCGW2L = North Carolina Ground Water 2L Standard (Current as of Sampling Event)

Sample 
ID

 Detected 
>SWSL<NCGW2L

 Detected 
>NCGW2L

 Cumulative 
>SWSL & 
>NCGW2L Exceeded NCGW2L 

Aromatic 
Parameter(s)

     Exceeded    
   NCGW2L       
        CAH          
 Parameter(s)

Exceeded Parameter(s) 
Detected >Historical 

Identified RangeConcentration 
(uq/L)

Concentration 
(uq/L)

Concentration 
(uq/L)

J = Detected >NCGW2L BUT <SWSL (“J” Qualifier) Therefore, concentration non-quantifiable or an estimated value
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Histograms for Cumulative VOC Detections
Greene County Closed MSWLF

     Current Sampling Event

A
ll 

W
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Histograms for Cumulative VOC Detections
Greene County Closed MSWLF
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Box Plots for Select Constituents (Metals)
Greene County Closed MSWLF
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Time Series Plots for Select Constituents
Greene County Closed MSWLF

½ ND Substitution

Outlier per Dixon's & Rosner's Tests
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Time Series Plots for Select Constituents
Greene County Closed MSWLF

AROMATICS

CAH





Surface Water Locations Unnamed tributary of Sandy Run (Class “C” water)
Greene County Closed MSWLF and Active C&D Landfill

Greene County Closed MSWLF and Active C&D Landfill



Basic Statistics



Greene County Closed MSWLF and C&D Landfill Cadmium, total

Basic Statistics
Parameter: Cadmium, total
Original Data (Not Transformed)
Non-Detects Replaced with 1/2 DL

Total Observations
176
Total Non-Detects 167
Pooled Mean 0.511136
Pooled Std Dev 0.459995
Background Mean 0.461935
Background Std Dev 0.177884

Background Wells
There is 1 background well

Well Samples Non-Detects % ND Total
MW-1R 31 30 96.7742 14.32

Well Mean Std Dev Std Err Rank Sum Rank Mean
MW-1R 0.461935 0.177884 0 2688 86.7097

Compliance Wells
There are 7 compliance wells

Well Samples Non-Detects % ND Total
MW-8 4 4 100 0.32
MW-4 31 29 93.5484 14.82
MW-5 30 29 96.6667 15.55
MW-6 30 28 93.3333 18.57
MW-7 4 4 100 0.32
Upstream 20 18 90 13.52
Downstream 26 25 96.1538 12.54

Well Mean Std Dev Dif From Bkg Std Err Rank Sum Rank Mean
MW-8 0.08 0.113431 -0.381935 0.240817 336 84
MW-4 0.478065 0.202426 0.016129 0.115133 2775 89.5161
MW-5 0.518333 0.304632 0.0563978 0.116088 2609 86.9667
MW-6 0.619 0.846023 0.157065 0.116088 2699 89.9667
MW-7 0.08 0.113431 -0.381935 0.240817 336 84
Upstream 0.676 0.653367 0.214065 0.130003 1861 93.05
Downstream 0.482308 0.16765 0.0203722 0.120541 2272 87.3846

Analysis of Variance Statistics
SS Wells 2.51178
SS Total 37.0292

Kruskal-Wallis Statistics
Non-Detect Rank 84
Background Rank Sum 2688
Background Rank Mean 86.7097
H Statistic 0.336993
H Adjusted for Ties 2.31291



Greene County Closed MSWLF and C&D Landfill Zinc, total

Basic Statistics
Parameter: Zinc, total
Original Data (Not Transformed)
Non-Detects Replaced with 1/2 DL

Total Observations
176
Total Non-Detects 149
Pooled Mean 30.479
Pooled Std Dev 32.3157
Background Mean 26.7352
Background Std Dev 18.8686

Background Wells
There is 1 background well

Well Samples Non-Detects % ND Total
MW-1R 31 27 87.0968 828.79

Well Mean Std Dev Std Err Rank Sum Rank Mean
MW-1R 26.7352 18.8686 0 2666 86

Compliance Wells
There are 7 compliance wells

Well Samples Non-Detects % ND Total
MW-8 4 3 75 12.36
MW-4 31 22 70.9677 1363.29
MW-7 4 3 75 19.36
MW-5 30 30 100 657.79
MW-6 30 24 80 1297.79
Downstream 26 23 88.4615 666.93
Upstream 20 17 85 518

Well Mean Std Dev Dif From Bkg Std Err Rank Sum Rank Mean
MW-8 3.09 4.61112 -23.6452 16.5446 375 93.75
MW-4 43.9771 48.8055 17.2419 7.90984 3151 101.645
MW-7 4.84 8.1092 -21.8952 16.5446 376 94
MW-5 21.9263 7.99714 -4.80883 7.97548 2250 75
MW-6 43.2597 50.3154 16.5245 7.97548 2822 94.0667
Downstream 25.6512 11.6779 -1.08401 8.28139 2195 84.4231
Upstream 25.9 9.83495 -0.835161 8.93146 1741 87.05

Analysis of Variance Statistics
SS Wells 19832.9
SS Total 182753

Kruskal-Wallis Statistics
Non-Detect Rank 75
Background Rank Sum 2666
Background Rank Mean 86
H Statistic 4.87403
H Adjusted for Ties 12.3945



Greene County Closed MSWLF and C&D Landfill Paradichlorobenzene

Basic Statistics
Parameter: Paradichlorobenzene
Original Data (Not Transformed)
Non-Detects Replaced with 1/2 DL

Total Observations
176
Total Non-Detects 171
Pooled Mean 2.2194
Pooled Std Dev 0.850321
Background Mean 2.15774
Background Std Dev 0.825779

Background Wells
There is 1 background well

Well Samples Non-Detects % ND Total
MW-1R 31 31 100 66.89

Well Mean Std Dev Std Err Rank Sum Rank Mean
MW-1R 2.15774 0.825779 0 2666 86

Compliance Wells
There are 7 compliance wells

Well Samples Non-Detects % ND Total
MW-6 30 30 100 66.815
MW-7 4 4 100 0.39
MW-8 4 4 100 0.39
Upstream 20 20 100 46.605
Downstream 26 26 100 59.21
MW-5 30 30 100 66.815
MW-4 31 26 83.871 83.5

Well Mean Std Dev Dif From Bkg Std Err Rank Sum Rank Mean
MW-6 2.22717 0.742199 0.0694247 0.180112 2580 86
MW-7 0.0975 0.015 -2.06024 0.37363 344 86
MW-8 0.0975 0.015 -2.06024 0.37363 344 86
Upstream 2.33025 0.569382 0.172508 0.201701 1720 86
Downstream 2.27731 0.66881 0.119566 0.18702 2236 86
MW-5 2.22717 0.742199 0.0694247 0.180112 2580 86
MW-4 2.69355 0.666801 0.535806 0.178629 3106 100.194

Analysis of Variance Statistics
SS Wells 43.4434
SS Total 126.533

Kruskal-Wallis Statistics
Non-Detect Rank 86
Background Rank Sum 2666
Background Rank Mean 86
H Statistic 1.98196
H Adjusted for Ties 23.9278



Greene County Closed MSWLF and C&D Landfill cis-1,2-Dichloroethylene

Basic Statistics
Parameter: cis-1,2-Dichloroethylene
Original Data (Not Transformed)
Non-Detects Replaced with 1/2 DL

Total Observations
176
Total Non-Detects 166
Pooled Mean 2.55034
Pooled Std Dev 1.87007
Background Mean 2.18645
Background Std Dev 0.828088

Background Wells
There is 1 background well

Well Samples Non-Detects % ND Total
MW-1R 31 31 100 67.78

Well Mean Std Dev Std Err Rank Sum Rank Mean
MW-1R 2.18645 0.828088 0 2588.5 83.5

Compliance Wells
There are 7 compliance wells

Well Samples Non-Detects % ND Total
MW-5 30 27 90 69.8
MW-7 4 4 100 0.28
MW-6 30 30 100 67.71
Upstream 20 20 100 47.57
Downstream 26 26 100 60.14
MW-8 4 4 100 0.28
MW-4 31 24 77.4194 135.3

Well Mean Std Dev Dif From Bkg Std Err Rank Sum Rank Mean
MW-5 2.32667 0.554563 0.140215 0.419396 2758.5 91.95
MW-7 0.07 0 -2.11645 0.870009 334 83.5
MW-6 2.257 0.741462 0.0705484 0.419396 2505 83.5
Upstream 2.3785 0.543365 0.192048 0.469667 1670 83.5
Downstream 2.31308 0.660344 0.126625 0.435482 2171 83.5
MW-8 0.07 0 -2.11645 0.870009 334 83.5
MW-4 4.36452 3.59894 2.17806 0.415944 3215 103.71

Analysis of Variance Statistics
SS Wells 161.486
SS Total 612.002

Kruskal-Wallis Statistics
Non-Detect Rank 83.5
Background Rank Sum 2588.5
Background Rank Mean 83.5
H Statistic 4.00749
H Adjusted for Ties 24.898



Greene County Closed MSWLF and C&D Landfill Benzene

Basic Statistics
Parameter: Benzene
Original Data (Not Transformed)
Non-Detects Replaced with 1/2 DL

Total Observations
176
Total Non-Detects 171
Pooled Mean 2.17273
Pooled Std Dev 0.826256
Background Mean 2.15484
Background Std Dev 0.833258

Background Wells
There is 1 background well

Well Samples Non-Detects % ND Total
MW-1R 31 31 100 66.8

Well Mean Std Dev Std Err Rank Sum Rank Mean
MW-1R 2.15484 0.833258 0 2666 86

Compliance Wells
There are 7 compliance wells

Well Samples Non-Detects % ND Total
MW-5 30 29 96.6667 66.96
MW-7 4 4 100 0.3
MW-8 4 4 100 0.3
MW-4 31 27 87.0968 75.56
Downstream 26 26 100 59.16
MW-6 30 30 100 66.74
Upstream 20 20 100 46.58

Well Mean Std Dev Dif From Bkg Std Err Rank Sum Rank Mean
MW-5 2.232 0.728676 0.0771613 0.177984 2666 88.8667
MW-7 0.075 0.01 -2.07984 0.369216 344 86
MW-8 0.075 0.01 -2.07984 0.369216 344 86
MW-4 2.43742 0.603937 0.282581 0.176519 3020 97.4194
Downstream 2.27538 0.675309 0.120546 0.184811 2236 86
MW-6 2.22467 0.749596 0.069828 0.177984 2580 86
Upstream 2.329 0.574529 0.174161 0.199318 1720 86

Analysis of Variance Statistics
SS Wells 38.3343
SS Total 119.472

Kruskal-Wallis Statistics
Non-Detect Rank 86
Background Rank Sum 2666
Background Rank Mean 86
H Statistic 1.22842
H Adjusted for Ties 14.8305



Greene County Closed MSWLF and C&D Landfill Chloroethene

Basic Statistics
Parameter: Chloroethene
Original Data (Not Transformed)
Non-Detects Replaced with 1/2 DL

Total Observations
176
Total Non-Detects 170
Pooled Mean 4.33702
Pooled Std Dev 1.62262
Background Mean 4.29306
Background Std Dev 1.68325

Background Wells
There is 1 background well

Well Samples Non-Detects % ND Total
MW-1R 31 31 100 133.085

Well Mean Std Dev Std Err Rank Sum Rank Mean
MW-1R 4.29306 1.68325 0 2650.5 85.5

Compliance Wells
There are 7 compliance wells

Well Samples Non-Detects % ND Total
MW-5 30 29 96.6667 133.24
MW-6 30 30 100 133.01
Downstream 26 26 100 117.84
MW-8 4 4 100 0.585
MW-7 4 4 100 0.585
Upstream 20 20 100 92.67
MW-4 31 26 83.871 152.3

Well Mean Std Dev Dif From Bkg Std Err Rank Sum Rank Mean
MW-5 4.44133 1.49372 0.148269 0.345961 2650.5 88.35
MW-6 4.43367 1.5156 0.140602 0.345961 2565 85.5
Downstream 4.53231 1.37435 0.239243 0.359231 2223 85.5
MW-8 0.14625 0.0475 -4.14681 0.717673 342 85.5
MW-7 0.14625 0.0475 -4.14681 0.717673 342 85.5
Upstream 4.6335 1.1897 0.340435 0.38743 1710 85.5
MW-4 4.9129 0.732913 0.619839 0.343113 3093 99.7742

Analysis of Variance Statistics
SS Wells 154.197
SS Total 460.758

Kruskal-Wallis Statistics
Non-Detect Rank 85.5
Background Rank Sum 2650.5
Background Rank Mean 85.5
H Statistic 1.9168
H Adjusted for Ties 19.3953



Greene County Closed MSWLF and C&D Landfill Acetone

Basic Statistics
Parameter: Acetone
Original Data (Not Transformed)
Non-Detects Replaced with 1/2 DL

Total Observations
176
Total Non-Detects 161
Pooled Mean 43.8882
Pooled Std Dev 16.8213
Background Mean 43.8211
Background Std Dev 16.3313

Background Wells
There is 1 background well

Well Samples Non-Detects % ND Total
MW-1R 31 29 93.5484 1358.45

Well Mean Std Dev Std Err Rank Sum Rank Mean
MW-1R 43.8211 16.3313 0 2684 86.5806

Compliance Wells
There are 7 compliance wells

Well Samples Non-Detects % ND Total
Upstream 20 19 95 954.5
MW-5 30 28 93.3333 1358.41
Downstream 26 24 92.3077 1217
MW-4 31 29 93.5484 1463.76
MW-6 30 28 93.3333 1356.11
MW-7 4 2 50 7.755
MW-8 4 2 50 8.355

Well Mean Std Dev Dif From Bkg Std Err Rank Sum Rank Mean
Upstream 47.725 10.1741 3.90387 4.1112 1708 85.4
MW-5 45.2802 14.4126 1.45904 3.67115 2605 86.8333
Downstream 46.8077 11.3094 2.98656 3.81197 2292 88.1538
MW-4 47.2179 17.4052 3.39677 3.64094 2699 87.0645
MW-6 45.2035 14.6408 1.38237 3.67115 2597 86.5667
MW-7 1.93875 1.80587 -41.8824 7.61557 494 123.5
MW-8 2.08875 2.30123 -41.7324 7.61557 497 124.25

Analysis of Variance Statistics
SS Wells 14997.7
SS Total 49517.4

Kruskal-Wallis Statistics
Non-Detect Rank 81
Background Rank Sum 2684
Background Rank Mean 86.5806
H Statistic 4.07593
H Adjusted for Ties 17.3803



Greene County Closed MSWLF and C&D Landfill Dichloromethane

Basic Statistics
Parameter: Dichloromethane
Original Data (Not Transformed)
Non-Detects Replaced with 1/2 DL

Total Observations
176
Total Non-Detects 173
Pooled Mean 4.2252
Pooled Std Dev 1.72783
Background Mean 4.28239
Background Std Dev 1.71039

Background Wells
There is 1 background well

Well Samples Non-Detects % ND Total
MW-1R 31 31 100 132.754

Well Mean Std Dev Std Err Rank Sum Rank Mean
MW-1R 4.28239 1.71039 0 2697 87

Compliance Wells
There are 7 compliance wells

Well Samples Non-Detects % ND Total
MW-4 31 28 90.3226 134.744
MW-7 4 4 100 0.254
MW-8 4 4 100 0.254
MW-6 30 30 100 132.71
MW-5 30 30 100 132.71
Upstream 20 20 100 92.57
Downstream 26 26 100 117.64

Well Mean Std Dev Dif From Bkg Std Err Rank Sum Rank Mean
MW-4 4.34658 1.55388 0.0641935 0.379677 2961 95.5161
MW-7 0.0635 0.013 -4.21889 0.794151 348 87
MW-8 0.0635 0.013 -4.21889 0.794151 348 87
MW-6 4.42367 1.54473 0.14128 0.382828 2610 87
MW-5 4.42367 1.54473 0.14128 0.382828 2610 87
Upstream 4.6285 1.20949 0.346113 0.428716 1740 87
Downstream 4.52462 1.39977 0.242228 0.397512 2262 87

Analysis of Variance Statistics
SS Wells 147.063
SS Total 522.442

Kruskal-Wallis Statistics
Non-Detect Rank 87
Background Rank Sum 2697
Background Rank Mean 87
H Statistic 0.713505
H Adjusted for Ties 14.1932



Greene County Closed MSWLF and C&D Landfill Chloroethane

Basic Statistics
Parameter: Chloroethane
Original Data (Not Transformed)
Non-Detects Replaced with 1/2 DL

Total Observations
176
Total Non-Detects 170
Pooled Mean 4.54153
Pooled Std Dev 2.22389
Background Mean 4.29468
Background Std Dev 1.6791

Background Wells
There is 1 background well

Well Samples Non-Detects % ND Total
MW-1R 31 31 100 133.135

Well Mean Std Dev Std Err Rank Sum Rank Mean
MW-1R 4.29468 1.6791 0 2650.5 85.5

Compliance Wells
There are 7 compliance wells

Well Samples Non-Detects % ND Total
MW-4 31 26 83.871 187.745
MW-5 30 29 96.6667 133.79
MW-7 4 4 100 0.635
MW-8 4 4 100 0.635
MW-6 30 30 100 132.935
Upstream 20 20 100 92.645
Downstream 26 26 100 117.79

Well Mean Std Dev Dif From Bkg Std Err Rank Sum Rank Mean
MW-4 6.05629 3.41966 1.76161 0.49501 3093 99.7742
MW-5 4.45967 1.44596 0.164989 0.499118 2650.5 88.35
MW-7 0.15875 0.0275 -4.13593 1.03539 342 85.5
MW-8 0.15875 0.0275 -4.13593 1.03539 342 85.5
MW-6 4.43117 1.52288 0.136489 0.499118 2565 85.5
Upstream 4.63225 1.19464 0.337573 0.558945 1710 85.5
Downstream 4.53038 1.3807 0.235707 0.518263 2223 85.5

Analysis of Variance Statistics
SS Wells 227.423
SS Total 865.495

Kruskal-Wallis Statistics
Non-Detect Rank 85.5
Background Rank Sum 2650.5
Background Rank Mean 85.5
H Statistic 1.9168
H Adjusted for Ties 19.3953



Greene County Closed MSWLF and C&D Landfill Toluene

Basic Statistics
Parameter: Toluene
Original Data (Not Transformed)
Non-Detects Replaced with 1/2 DL

Total Observations
176
Total Non-Detects 170
Pooled Mean 2.27668
Pooled Std Dev 1.20998
Background Mean 2.18613
Background Std Dev 0.828942

Background Wells
There is 1 background well

Well Samples Non-Detects % ND Total
MW-1R 31 31 100 67.77

Well Mean Std Dev Std Err Rank Sum Rank Mean
MW-1R 2.18613 0.828942 0 2650.5 85.5

Compliance Wells
There are 7 compliance wells

Well Samples Non-Detects % ND Total
Downstream 26 24 92.3077 68.665
MW-6 30 30 100 67.695
MW-8 4 4 100 0.27
MW-5 30 30 100 67.695
Upstream 20 20 100 47.565
MW-7 4 4 100 0.27
MW-4 31 27 87.0968 80.765

Well Mean Std Dev Dif From Bkg Std Err Rank Sum Rank Mean
Downstream 2.64096 1.80292 0.454833 0.297238 2399 92.2692
MW-6 2.2565 0.742988 0.070371 0.286258 2565 85.5
MW-8 0.0675 0.005 -2.11863 0.593823 342 85.5
MW-5 2.2565 0.742988 0.070371 0.286258 2565 85.5
Upstream 2.37825 0.544483 0.192121 0.32057 1710 85.5
MW-7 0.0675 0.005 -2.11863 0.593823 342 85.5
MW-4 2.60532 1.5314 0.419194 0.283902 3002.5 96.8548

Analysis of Variance Statistics
SS Wells 46.3272
SS Total 256.21

Kruskal-Wallis Statistics
Non-Detect Rank 85.5
Background Rank Sum 2650.5
Background Rank Mean 85.5
H Statistic 1.3884
H Adjusted for Ties 14.0487



Greene County Closed MSWLF and C&D Landfill Cadmium, total

Dixon's Test for Outliers
Parameter: Cadmium, total
Compliance Wells
Original Data (Not Transformed)
Non-Detects Replaced with 1/2 DL

For 24 Samples
5% Level of Significance

Iteration Highest Lowest Critical Outlier
A Divide-By-Zero error occurred in the calculations.
Additional Outliers May Exist.

Well Date Conc. Outlier

MW-5 9/15/1994 ND<0.5 FALSE
11/18/1994 ND<0.5 FALSE
1/12/1995 ND<0.5 FALSE
2/6/1995 ND<0.5 FALSE
9/12/1995 ND<0.5 FALSE
4/19/1996 ND<0.5 FALSE
3/17/1997 ND<0.5 FALSE
9/15/1997 ND<0.5 FALSE
3/3/1998 ND<0.5 FALSE
9/9/1998 ND<0.5 FALSE
3/25/1999 ND<0.5 FALSE
10/5/1999 ND<0.5 FALSE
3/1/2000 ND<0.5 FALSE
9/21/2000 ND<0.5 FALSE
3/8/2001 ND<0.5 FALSE
9/27/2001 ND<0.5 FALSE
3/27/2002 ND<0.5 FALSE
9/19/2002 ND<0.5 FALSE
3/19/2003 ND<0.5 FALSE
9/11/2003 ND<0.5 FALSE
3/18/2004 ND<0.5 FALSE
9/30/2004 ND<0.5 FALSE
3/29/2005 ND<0.5 FALSE
9/29/2005 ND<0.5 FALSE
3/3/2006 ND<0.5 FALSE
9/21/2006 ND<0.5 FALSE
3/19/2007 ND<0.5 FALSE
9/13/2007 ND<0.03 FALSE
3/28/2008 ND<0.02 FALSE
9/29/2008 2 TRUE



Greene County Closed MSWLF and C&D Landfill Cadmium, total

Rosner's Test for Outliers
Parameter: Cadmium, total
Compliance Wells
Original Data (Not Transformed)
Non-Detects Replaced with 1/2 DL

10 most extreme of 30 samples
by order of magnitude difference from the mean
1 9/29/2008 MW-5 2 
2 3/28/2008 MW-5 ND<0.02 
3 9/13/2007 MW-5 ND<0.03 
4 3/19/2007 MW-5 ND<0.5 
5 9/21/2006 MW-5 ND<0.5 
6 3/3/2006 MW-5 ND<0.5 
7 9/29/2005 MW-5 ND<0.5 
8 3/29/2005 MW-5 ND<0.5 
9 9/30/2004 MW-5 ND<0.5 
10 3/18/2004 MW-5 ND<0.5 

Iteration i = 9
Mean of 21 samples = 0.5
Std Dev = 0
x(i+1) = 0.5 from sample 3/18/2004 from well MW-5
Rosner Statistic R = |0.5 - 0.5|/0 = 0
Lambda(30, 10, 0.05) = 2.73
0 < 2.73 -- No outliers detected for i = 9

Iteration i = 8
Mean of 22 samples = 0.5
Std Dev = 0
x(i+1) = 0.5 from sample 9/30/2004 from well MW-5
Rosner Statistic R = |0.5 - 0.5|/0 = 0
Lambda(30, 9, 0.05) = 2.752
0 < 2.752 -- No outliers detected for i = 8

Iteration i = 7
Mean of 23 samples = 0.5
Std Dev = 0
x(i+1) = 0.5 from sample 3/29/2005 from well MW-5
Rosner Statistic R = |0.5 - 0.5|/0 = 0
Lambda(30, 8, 0.05) = 2.774
0 < 2.774 -- No outliers detected for i = 7

Iteration i = 6
Mean of 24 samples = 0.5
Std Dev = 0
x(i+1) = 0.5 from sample 9/29/2005 from well MW-5
Rosner Statistic R = |0.5 - 0.5|/0 = 0
Lambda(30, 7, 0.05) = 2.796
0 < 2.796 -- No outliers detected for i = 6

Iteration i = 5
Mean of 25 samples = 0.5
Std Dev = 0
x(i+1) = 0.5 from sample 3/3/2006 from well MW-5
Rosner Statistic R = |0.5 - 0.5|/0 = 0
Lambda(30, 6, 0.05) = 2.818
0 < 2.818 -- No outliers detected for i = 5

Iteration i = 4
Mean of 26 samples = 0.5
Std Dev = 0
x(i+1) = 0.5 from sample 9/21/2006 from well MW-5
Rosner Statistic R = |0.5 - 0.5|/0 = 0
Lambda(30, 5, 0.05) = 2.84
0 < 2.84 -- No outliers detected for i = 4

Iteration i = 3
Mean of 27 samples = 0.5
Std Dev = 0



Greene County Closed MSWLF and C&D Landfill Cadmium, total

x(i+1) = 0.5 from sample 3/19/2007 from well MW-5
Rosner Statistic R = |0.5 - 0.5|/0 = 0
Lambda(30, 4, 0.05) = 2.86
0 < 2.86 -- No outliers detected for i = 3

Iteration i = 2
Mean of 28 samples = 0.483214
Std Dev = 0.0888217
x(i+1) = 0.03 from sample 9/13/2007 from well MW-5
Rosner Statistic R = |0.03 - 0.483214|/0.0888217 = 5.10252
Lambda(30, 3, 0.05) = 2.88
5.10252 > 2.88 -- Sample 9/13/2007 for well MW-5 is an outlier

Iteration i = 1
Mean of 29 samples = 0.467241
Std Dev = 0.122501
x(i+1) = 0.02 from sample 3/28/2008 from well MW-5
Rosner Statistic R = |0.02 - 0.467241|/0.122501 = 3.65093
Lambda(30, 2, 0.05) = 2.89
3.65093 > 2.89 -- Sample 3/28/2008 for well MW-5 is an outlier

Iteration i = 0
Mean of 30 samples = 0.518333
Std Dev = 0.304632
x(i+1) = 2 from sample 9/29/2008 from well MW-5
Rosner Statistic R = |2 - 0.518333|/0.304632 = 4.86379
Lambda(30, 1, 0.05) = 2.91
4.86379 > 2.91 -- Sample 9/29/2008 for well MW-5 is an outlier



Interwell Analyses for Metals



Greene County Closed MSWLF and C&D Landfill Cadmium, total

Poisson Tolerance Limit
Parameter: Cadmium, total
Original Data (Not Transformed)
Non-Detects Replaced with Detection Limit

Poisson Count of 31 background Samples = 27.64
Degrees of Freedom = 57

95% Confidence Values
Chi-Squared Value (95% Confidence) = 75.6237
Lambda (from Zack's formula) = 1.21974
Smallest Degrees of Freedom = 8
Upper Tolerance Limit (95%) = 3

99% Confidence Values
Chi-Squared Value (99% Confidence) = 84.7327
Lambda (from Zack's formula) = 1.36666
Smallest Degrees of Freedom = 11
Upper Tolerance Limit (99%) = 4.5

Date Result Impacted 95% Impacted 99%
MW-5 9/15/1994 ND<1 FALSE FALSE

11/18/1994 ND<1 FALSE FALSE
1/12/1995 ND<1 FALSE FALSE
2/6/1995 ND<1 FALSE FALSE
9/12/1995 ND<1 FALSE FALSE
4/19/1996 ND<1 FALSE FALSE
3/17/1997 ND<1 FALSE FALSE
9/15/1997 ND<1 FALSE FALSE
3/3/1998 ND<1 FALSE FALSE
9/9/1998 ND<1 FALSE FALSE
3/25/1999 ND<1 FALSE FALSE
10/5/1999 ND<1 FALSE FALSE
3/1/2000 ND<1 FALSE FALSE
9/21/2000 ND<1 FALSE FALSE
3/8/2001 ND<1 FALSE FALSE
9/27/2001 ND<1 FALSE FALSE
3/27/2002 ND<1 FALSE FALSE
9/19/2002 ND<1 FALSE FALSE
3/19/2003 ND<1 FALSE FALSE
9/11/2003 ND<1 FALSE FALSE
3/18/2004 ND<1 FALSE FALSE
9/30/2004 ND<1 FALSE FALSE
3/29/2005 ND<1 FALSE FALSE
9/29/2005 ND<1 FALSE FALSE
3/3/2006 ND<1 FALSE FALSE
9/21/2006 ND<1 FALSE FALSE
3/19/2007 ND<1 FALSE FALSE
9/13/2007 ND<0.06 FALSE FALSE
3/28/2008 ND<0.04 FALSE FALSE
9/29/2008 2 FALSE FALSE



Greene County Closed MSWLF and C&D Landfill Zinc, total

Non-Parametric Tolerance Interval
Parameter: Zinc, total
Original Data (Not Transformed)
Non-Detects Replaced with 1/2 DL

Total Percent Non-Detects = 85.7143%
Background Samples (n) = 31
Maximum Background Concentration = 103
Minimum Coverage = 90.8%
Average Coverage = 96.875%

Well Sample Result Impacted
MW-8 6/22/2007 ND<0.5 FALSE
MW-8 9/13/2007 ND<0.93 FALSE
MW-8 3/28/2008 ND<0.93 FALSE
MW-8 9/29/2008 10 FALSE



Laboratory Results
















