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October 3, 2007

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

Re:    Semi-Annual Groundwater Sampling Report and Statistical Analysis
          Wayne County Subtitle D Lined Landfill
          Permit No. 96-06
          MESCO Project No. G7016.0

Dear Ms. Drummond:

Municipal Engineering Services Company, P.A. (MESCO) completed the sampling report and statistical analyses 
for the Wayne County Subtitle D Lined Landfill located in Dudley, NC.  Environment 1 Inc. of Greenville, NC, 
sampled and analyzed the Subtitle D Landfill for the Appendix I list of metals and volatile organic constituents 
(VOCs) utilizing the Method Detection Limits (MDL) with reference to the Solid Waste Section detection limits 
(SWSL) values current as of the sampling event.  The event was conducted on August 14, 2007 as part of the semi-
annual detection monitoring program.  The laboratory results and statistical analysis are included herein.

The detection monitoring program for the Subtitle D Landfill consists of downgradient wells (MW-2, MW-3, MW-
4, MW-5, MW-6, MW-7, MW-8, MW-9, MW-10, MW-11, MW-12, MW-13), surface waters (SW-2, SW-3, SW-4, 
SW-5), background well (MW-1).  Leachate samples were also procured from several different locations within the 
sumps of phases 1, 2, and the leachate lagoon.  Leachate samples were extracted from the leachate lagoon (LE-1), 
the forcemain from the phase 2 landfill sump (LE-2), north sump of phase 1 (LS4), south sump of phase 1 (LS5), 
and the south sump of phase 2 (LS6).  This is the premier event that leachate samples have been taken from LS4, 
LS5, and LS6.  All monitoring locations were sampled during this event with the exception of SW-2 which was dry.

All detected constituents were compared with North Carolina Groundwater Standards for regulatory exceedance. 
The results are shown in the enclosed tables titled “Detection Scan”.  The following table (Table 1) summarizes 
those constituents found within all of the non leachate monitoring locations that exceeded the Standard.   

Table 1. Exceedance Summary
Monitoring Location Cadmium Lead

MW-2 x
MW-13 x x

SW-3 x

SW-5 x x
x = concentration greater than NCGW2L Standard



Lead continues to be detected in concentrations above the Standard within downgradient well MW-2 for the sixth 
consecutive event.  Cadmium was also found in concentrations above the MCL within MW-13 and surface waters 
SW-3 and SW-5.  No VOCs, which are more indicative of leachate contamination, were found within any of the 
monitoring locations with the exception of the lined leachate collection sites.  

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 both the phase 1 and phase 2 lined landfills.  The purpose of 
these analyses is to determine, in comparison to background levels, statistical significance of the few constituents 
detected during the August 2007 event.

Statistical Analysis Methodology

Metals
MESCO conducted an interwell statistical analysis on all of the detected metals.  Monitoring well MW-1 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 2) summarizes the methods used for four different %ND ranges.

Table 2. Statistical Analysis Methods for Various %ND Ranges

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 5 metals were tested for statistical significance.  For arsenic, cadmium, and zinc the Poisson tolerance 
limit was used on either the log or original data with no ND substitution since the constituents had rarely been 
detected within the background well.  For the remaining detected metals the non-parametric tolerance limit with ½ 
NDs was used on the original data as its %ND was not normally distributed.  

Results
Historical data compiled for monitoring well MW-1 was used as the baseline.  Data distributions were reviewed 
using time series and box and whiskers plots (enclosed charts).  No metals were found to be statistically significant 
by interwell comparison analysis therefore further intrawell analysis was unnecessary.  

The numbers of metal detections continue to be consistent with historical results and all concentrations were found 
within the historically identified range with the exception of cadmium within MW-12 and SW-3 as well as lead 
within SW-5.  The increase in total metals within the surface waters are likely a product of the drought conditions 
the area has been experiencing.  The surface waters were inspected by MESCO and were found to be very low and 
practically stagnant in most locations.  Surface water SW-5 which is located upgradient of the facility was found to 
contain the among the highest metal concentrations indicating that the metals are naturally inherent and not leachate 
related.  The decrease in water volume has likely artificially increased the total metal concentrations therefore the 
metals are very likely not attributed to a leachate release.  

Conclusion
The statistical analysis results indicate no signs of contamination originating from the Wayne County Subtitle D 
Landfill.  The metals are likely natural in origin as they also continue to be detected within the background 
well/surface water and are rarely detected within samples obtained from the leachate lagoon.  MESCO completed 
the required potentiometric map with groundwater flow rates and direction for the sampling event.  The flow 
directions and gradients are consistent with historical observations, showing no changes that would result in a 
different interpretation of the groundwater system.  The facility is to continue detection monitoring and is scheduled 
to be sampled again for the Appendix 1 list of metals and VOCs in February 2008.  If you have any questions or 
comments regarding this report, please contact me by phone at (919) 772-5393 or by email at jpfohl@mesco.com.

   %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 -

mailto:jpfohl@mesco.com


Sincerely,
MUNICIPAL ENGINEERING SERVICES CO., P.A.

Jonathan Pfohl
Environmental Specialist

Enclosures

cc:      Mr. Tim Rogers
           Wayne County
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Detection Scan All Detections above SWSL and NCGW2L Monitoring Wells and Surface Water Locations
Wayne County Subtitle D Lined Landfill

Well ID Sample Date Result Unit Exceedance
MW-2 Arsenic 08/14/2007 13 10 0.47 50
MW-2 Chromium 08/14/2007 26 10 0.24 50
MW-2 Lead 08/14/2007 28 10 0.07 15 13
MW-2 Vanadium 08/14/2007 39 25 0.42
MW-2 Zinc 08/14/2007 16 10 0.2 1050
MW-7 Arsenic 08/14/2007 12 10 0.47 50
MW-8 Zinc 08/14/2007 13 10 0.2 1050
MW-12 Zinc 08/14/2007 26 10 0.2 1050
MW-13 Cadmium 08/14/2007 2.1 1 0.06 1.75 0.35
MW-13 Chromium 08/14/2007 17 10 0.24 50
MW-13 Lead 08/14/2007 16 10 0.07 15 1
MW-13 Vanadium 08/14/2007 30 25 0.42
SW-3 Barium 08/14/2007 101 100 0.04 2000
SW-3 Cadmium 08/14/2007 3 1 0.06 1.75 1.25
SW-3 Zinc 08/14/2007 12 10 0.2 1050
SW-4 Barium 08/14/2007 150 100 0.04 2000
SW-4 Cadmium 08/14/2007 1.2 1 0.06 1.75
SW-4 Toluene 08/14/2007 1 1 0.13 1000
SW-5 Barium 08/14/2007 689 100 0.04 2000
SW-5 Cadmium 08/14/2007 2 1 0.06 1.75 0.25
SW-5 Chromium 08/14/2007 12 10 0.24 50
SW-5 Lead 08/14/2007 39 10 0.07 15 24
SW-5 Toluene 08/14/2007 2.5 1 0.13 1000
SW-5 Zinc 08/14/2007 38 10 0.2 1050

NE=Not Established

Parameter Name1 SWSL 2 MDL4 NCGW2L3

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

1 Table only contains constituents detected above SWSL and NCGW2L Standard
2 SWSL = Solid Waste Section Limit (Current as of sampling date)
3 NCGW2L = North Carolina Ground Water 2L Standard
4 MDL = Method Detection Limit
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Detection Scan All Detections Reported by Laboratory Monitoring Wells and Surface Water Locations
Wayne County Subtitle D Lined Landfill

Well ID Sample Date Result Unit Exceedance
MW-1 2-Butanone 08/14/2007 1.8 100 0.85 4200
MW-1 Acetone 08/14/2007 2.5 100 1.21 700
MW-1 Arsenic 08/14/2007 0.8 10 0.47 50
MW-1 Barium 08/14/2007 9.6 100 0.04 2000
MW-1 Cadmium 08/14/2007 0.1 1 0.06 1.75
MW-1 Chromium 08/14/2007 3.3 10 0.24 50
MW-1 Lead 08/14/2007 1 10 0.07 15
MW-1 Vanadium 08/14/2007 7.2 25 0.42
MW-1 Zinc 08/14/2007 0.5 10 0.2 1050
MW-2 2-Butanone 08/14/2007 1.4 100 0.85 4200
MW-2 Acetone 08/14/2007 2.1 100 1.21 700
MW-2 Antimony 08/14/2007 0.2 6 0.05
MW-2 Arsenic 08/14/2007 13 10 0.47 50
MW-2 Barium 08/14/2007 49.1 100 0.04 2000
MW-2 Beryllium 08/14/2007 0.6 1 0.08
MW-2 Cadmium 08/14/2007 0.7 1 0.06 1.75
MW-2 Chromium 08/14/2007 26 10 0.24 50
MW-2 Cobalt 08/14/2007 0.5 10 0.41
MW-2 Copper 08/14/2007 3.5 10 0.2 1000
MW-2 Lead 08/14/2007 28 10 0.07 15 13
MW-2 Nickel 08/14/2007 1.2 50 0.66 100
MW-2 Selenium 08/14/2007 3.5 10 0.35 50
MW-2 Thallium 08/14/2007 0.2 5.5 0.07
MW-2 Vanadium 08/14/2007 39 25 0.42
MW-2 Zinc 08/14/2007 16 10 0.2 1050
MW-3 Antimony 08/14/2007 0.1 6 0.05
MW-3 Arsenic 08/14/2007 0.6 10 0.47 50
MW-3 Barium 08/14/2007 37 100 0.04 2000
MW-3 Cobalt 08/14/2007 0.6 10 0.41
MW-3 Lead 08/14/2007 0.3 10 0.07 15
MW-3 Thallium 08/14/2007 0.3 5.5 0.07
MW-4 Arsenic 08/14/2007 1.4 10 0.47 50
MW-4 Barium 08/14/2007 32.7 100 0.04 2000
MW-4 Chromium 08/14/2007 1.3 10 0.24 50
MW-4 Lead 08/14/2007 0.8 10 0.07 15
MW-4 Vanadium 08/14/2007 2.6 25 0.42
MW-5 Arsenic 08/14/2007 3 10 0.47 50
MW-5 Barium 08/14/2007 44.3 100 0.04 2000
MW-5 Beryllium 08/14/2007 0.2 1 0.08
MW-5 Cadmium 08/14/2007 0.1 1 0.06 1.75
MW-5 Chromium 08/14/2007 2.8 10 0.24 50
MW-5 Cobalt 08/14/2007 0.6 10 0.41
MW-5 Copper 08/14/2007 0.6 10 0.2 1000
MW-5 Lead 08/14/2007 1.7 10 0.07 15
MW-5 Vanadium 08/14/2007 5.1 25 0.42
MW-5 Zinc 08/14/2007 1.6 10 0.2 1050
MW-6 Acetone 08/14/2007 1.5 100 1.21 700
MW-6 Arsenic 08/14/2007 1.8 10 0.47 50
MW-6 Barium 08/14/2007 28.9 100 0.04 2000
MW-6 Chromium 08/14/2007 4.1 10 0.24 50
MW-6 Copper 08/14/2007 0.9 10 0.2 1000

Parameter Name1 SWSL 2 MDL4 NCGW2L3

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
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
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Well ID Sample Date Result Unit ExceedanceParameter Name1 SWSL 2 MDL4 NCGW2L3

MW-6 Lead 08/14/2007 2.7 10 0.07 15
MW-6 Vanadium 08/14/2007 4.9 25 0.42
MW-7 Acetone 08/14/2007 1.6 100 1.21 700
MW-7 Antimony 08/14/2007 0.1 6 0.05
MW-7 Arsenic 08/14/2007 12 10 0.47 50
MW-7 Barium 08/14/2007 40.8 100 0.04 2000
MW-7 Beryllium 08/14/2007 0.3 1 0.08
MW-7 Cadmium 08/14/2007 0.1 1 0.06 1.75
MW-7 Chromium 08/14/2007 2.1 10 0.24 50
MW-7 Cobalt 08/14/2007 1.8 10 0.41
MW-7 Copper 08/14/2007 0.4 10 0.2 1000
MW-7 Lead 08/14/2007 0.7 10 0.07 15
MW-7 Nickel 08/14/2007 0.7 50 0.66 100
MW-7 Selenium 08/14/2007 1.1 10 0.35 50
MW-7 Thallium 08/14/2007 0.1 5.5 0.07
MW-7 Vanadium 08/14/2007 4.3 25 0.42
MW-7 Zinc 08/14/2007 3 10 0.2 1050
MW-8 Arsenic 08/14/2007 0.8 10 0.47 50
MW-8 Barium 08/14/2007 15.7 100 0.04 2000
MW-8 Beryllium 08/14/2007 0.1 1 0.08
MW-8 Cadmium 08/14/2007 0.1 1 0.06 1.75
MW-8 Chromium 08/14/2007 2 10 0.24 50
MW-8 Cobalt 08/14/2007 0.9 10 0.41
MW-8 Lead 08/14/2007 0.7 10 0.07 15
MW-8 Nickel 08/14/2007 1.8 50 0.66 100
MW-8 Vanadium 08/14/2007 2.8 25 0.42
MW-8 Zinc 08/14/2007 13 10 0.2 1050
MW-9 2-Butanone 08/14/2007 1.4 100 0.85 4200
MW-9 Acetone 08/14/2007 2.7 100 1.21 700
MW-9 Barium 08/14/2007 52.9 100 0.04 2000
MW-9 Beryllium 08/14/2007 0.1 1 0.08
MW-9 Cadmium 08/14/2007 0.3 1 0.06 1.75
MW-9 08/14/2007 0.2 1 0.18
MW-9 Chromium 08/14/2007 0.8 10 0.24 50
MW-9 Lead 08/14/2007 1.5 10 0.07 15
MW-9 Vanadium 08/14/2007 1.1 25 0.42
MW-10 Antimony 08/14/2007 0.1 6 0.05
MW-10 Arsenic 08/14/2007 1 10 0.47 50
MW-10 Barium 08/14/2007 42.8 100 0.04 2000
MW-10 Beryllium 08/14/2007 0.3 1 0.08
MW-10 Cadmium 08/14/2007 0.1 1 0.06 1.75
MW-10 Chromium 08/14/2007 4.3 10 0.24 50
MW-10 Copper 08/14/2007 1.1 10 0.2 1000
MW-10 Lead 08/14/2007 3.7 10 0.07 15
MW-10 Nickel 08/14/2007 1 50 0.66 100
MW-10 Thallium 08/14/2007 0.3 5.5 0.07
MW-10 Vanadium 08/14/2007 5.7 25 0.42
MW-10 Zinc 08/14/2007 4.8 10 0.2 1050
MW-11 2-Butanone 08/14/2007 0.9 100 0.85 4200
MW-11 Barium 08/14/2007 34.3 100 0.04 2000
MW-11 Beryllium 08/14/2007 0.2 1 0.08
MW-11 Cadmium 08/14/2007 0.2 1 0.06 1.75
MW-11 Chloroform 08/14/2007 0.2 5 0.13 70
MW-11 Chromium 08/14/2007 1.5 10 0.24 50
MW-11 Cobalt 08/14/2007 1.4 10 0.41

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
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
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Well ID Sample Date Result Unit ExceedanceParameter Name1 SWSL 2 MDL4 NCGW2L3

MW-11 Lead 08/14/2007 1.5 10 0.07 15
MW-11 Thallium 08/14/2007 0.2 5.5 0.07
MW-11 Vanadium 08/14/2007 1.3 25 0.42
MW-11 Zinc 08/14/2007 1.1 10 0.2 1050
MW-12 2-Butanone 08/14/2007 1.2 100 0.85 4200
MW-12 Acetone 08/14/2007 1.8 100 1.21 700
MW-12 Arsenic 08/14/2007 0.9 10 0.47 50
MW-12 Barium 08/14/2007 31.3 100 0.04 2000
MW-12 Beryllium 08/14/2007 0.2 1 0.08
MW-12 Cadmium 08/14/2007 0.4 1 0.06 1.75
MW-12 Chloroform 08/14/2007 0.3 5 0.13 70
MW-12 Chromium 08/14/2007 2.3 10 0.24 50
MW-12 Cobalt 08/14/2007 1.4 10 0.41
MW-12 Copper 08/14/2007 0.6 10 0.2 1000
MW-12 Lead 08/14/2007 1.4 10 0.07 15
MW-12 Nickel 08/14/2007 2 50 0.66 100
MW-12 Thallium 08/14/2007 0.1 5.5 0.07
MW-12 Vanadium 08/14/2007 2.9 25 0.42
MW-12 Zinc 08/14/2007 26 10 0.2 1050
MW-13 Arsenic 08/14/2007 1.8 10 0.47 50
MW-13 Barium 08/14/2007 31.2 100 0.04 2000
MW-13 Beryllium 08/14/2007 0.4 1 0.08
MW-13 Cadmium 08/14/2007 2.1 1 0.06 1.75 0.35
MW-13 Chromium 08/14/2007 17 10 0.24 50
MW-13 Copper 08/14/2007 1.1 10 0.2 1000
MW-13 Lead 08/14/2007 16 10 0.07 15 1
MW-13 Nickel 08/14/2007 1 50 0.66 100
MW-13 Thallium 08/14/2007 0.1 5.5 0.07
MW-13 Vanadium 08/14/2007 30 25 0.42
MW-13 Zinc 08/14/2007 7.1 10 0.2 1050
SW-3 2-Butanone 08/14/2007 1.7 100 0.85 4200
SW-3 Acetone 08/14/2007 4.3 100 1.21 700
SW-3 Antimony 08/14/2007 0.2 6 0.05
SW-3 Arsenic 08/14/2007 1.9 10 0.47 50
SW-3 Barium 08/14/2007 101 100 0.04 2000
SW-3 Cadmium 08/14/2007 3 1 0.06 1.75 1.25
SW-3 08/14/2007 0.3 1 0.18
SW-3 Chromium 08/14/2007 3 10 0.24 50
SW-3 Cobalt 08/14/2007 0.7 10 0.41
SW-3 Copper 08/14/2007 1.9 10 0.2 1000
SW-3 Lead 08/14/2007 0.7 10 0.07 15
SW-3 Nickel 08/14/2007 1.9 50 0.66 100
SW-3 Selenium 08/14/2007 0.9 10 0.35 50
SW-3 Vanadium 08/14/2007 2 25 0.42
SW-3 Zinc 08/14/2007 12 10 0.2 1050
SW-4 2-Butanone 08/14/2007 2.1 100 0.85 4200
SW-4 Acetone 08/14/2007 6.9 100 1.21 700
SW-4 Antimony 08/14/2007 0.1 6 0.05
SW-4 Arsenic 08/14/2007 1.9 10 0.47 50
SW-4 Barium 08/14/2007 150 100 0.04 2000
SW-4 Cadmium 08/14/2007 1.2 1 0.06 1.75
SW-4 Chromium 08/14/2007 0.9 10 0.24 50
SW-4 Cobalt 08/14/2007 3.2 10 0.41
SW-4 Copper 08/14/2007 0.5 10 0.2 1000
SW-4 Lead 08/14/2007 1 10 0.07 15

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
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
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Well ID Sample Date Result Unit ExceedanceParameter Name1 SWSL 2 MDL4 NCGW2L3

SW-4 Nickel 08/14/2007 1 50 0.66 100
SW-4 Toluene 08/14/2007 1 1 0.13 1000
SW-4 Vanadium 08/14/2007 1.4 25 0.42
SW-4 Zinc 08/14/2007 5.1 10 0.2 1050
SW-5 2-Butanone 08/14/2007 1.7 100 0.85 4200
SW-5 Acetone 08/14/2007 3 100 1.21 700
SW-5 Antimony 08/14/2007 0.2 6 0.05
SW-5 Arsenic 08/14/2007 2.3 10 0.47 50
SW-5 Barium 08/14/2007 689 100 0.04 2000
SW-5 Beryllium 08/14/2007 0.9 1 0.08
SW-5 Cadmium 08/14/2007 2 1 0.06 1.75 0.25
SW-5 Chromium 08/14/2007 12 10 0.24 50
SW-5 Cobalt 08/14/2007 5 10 0.41
SW-5 Copper 08/14/2007 8.3 10 0.2 1000
SW-5 Lead 08/14/2007 39 10 0.07 15 24
SW-5 Nickel 08/14/2007 7 50 0.66 100
SW-5 Selenium 08/14/2007 2.1 10 0.35 50
SW-5 Thallium 08/14/2007 0.2 5.5 0.07
SW-5 Toluene 08/14/2007 2.5 1 0.13 1000
SW-5 Vanadium 08/14/2007 10.7 25 0.42
SW-5 Zinc 08/14/2007 38 10 0.2 1050
TB 2-Butanone 08/14/2007 1.4 100 0.85 4200
TB Acetone 08/14/2007 2.5 100 1.21 700
TB Methylene Chloride 08/14/2007 0.4 1 0.14 4.6

NE=Not Established

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

1 Table contains all constituents detected above MDL
2 SWSL = Solid Waste Section Limit (Current as of sampling date)
3 NCGW2L = North Carolina Ground Water 2L Standard
4 MDL = Method Detection Limit
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Detection Scan All Detections above SWSL and NCGW2L Leachate Locations
Wayne County Subtitle D Lined Landfill

Well ID Sample Date Result Unit Exceedance
LE-1 08/15/2007 2.9 1 0.21 1.4 1.5
LE-1 Barium 08/15/2007 107 100 0.04 2000
LE-1 Benzene 08/15/2007 2.1 1 0.16 1 1.1
LE-1 Copper 08/15/2007 11 10 0.2 1000
LE-1 08/15/2007 13.8 1 0.16 550
LE-1 Toluene 08/15/2007 11.4 1 0.13 1000
LE-1 Vinyl Chloride 08/15/2007 1.02 1 0.34 0.015 1.005
LE-1 08/15/2007 34.5 4 0.48 530
LE-1 Zinc 08/15/2007 47 10 0.2 1050
LE-2 1,2-Dichloroethane 08/15/2007 0.8 1 0.12 0.38 0.42
LE-2 08/15/2007 1.5 1 0.21 1.4 0.1
LE-2 2-Butanone 08/15/2007 164 100 0.85 4200
LE-2 Antimony 08/15/2007 7 6 2
LE-2 Barium 08/15/2007 241 100 0.04 2000
LE-2 Benzene 08/15/2007 4.1 1 0.16 1 3.1
LE-2 Chromium 08/15/2007 26 10 0.24 50
LE-2 08/15/2007 5 1 0.16 550
LE-2 Nickel 08/15/2007 81 50 0.66 100
LE-2 Toluene 08/15/2007 23.5 1 0.13 1000
LE-2 Vinyl Chloride 08/15/2007 1.1 1 0.34 0.015 1.085
LE-2 08/15/2007 13.2 4 0.48 530
LE-2 Zinc 08/15/2007 250.9 10 0.2 1050
LS4 1,2-Dichloroethane 08/15/2007 0.4 1 0.12 0.38 0.02
LS4 08/15/2007 5.6 1 0.21 1.4 4.2
LS4 Arsenic 08/15/2007 13 10 1 50
LS4 Barium 08/15/2007 184 100 0.04 2000
LS4 Benzene 08/15/2007 4.3 1 0.16 1 3.3
LS4 Chromium 08/15/2007 21 10 0.24 50
LS4 Cobalt 08/15/2007 11 10 0.41
LS4 Copper 08/15/2007 15 10 0.2 1000
LS4 08/15/2007 12.3 1 0.16 550
LS4 Nickel 08/15/2007 58 50 0.66 100
LS4 Vinyl Chloride 08/15/2007 0.4 1 0.34 0.015 0.385
LS4 08/15/2007 29.4 4 0.48 530
LS4 Zinc 08/15/2007 33 10 0.2 1050
LS5 08/15/2007 6.9 1 0.21 1.4 5.5
LS5 Benzene 08/15/2007 2.5 1 0.16 1 1.5
LS5 Chromium 08/15/2007 23 10 0.24 50
LS5 Cobalt 08/15/2007 15 10 0.41
LS5 Copper 08/15/2007 22 10 0.2 1000
LS5 08/15/2007 5.2 1 0.16 550
LS5 Nickel 08/15/2007 102 50 0.66 100 2
LS5 Toluene 08/15/2007 2.6 1 0.13 1000
LS5 Vinyl Chloride 08/15/2007 5.6 1 0.34 0.015 5.585
LS5 08/15/2007 17 4 0.48 530
LS5 Zinc 08/15/2007 59 10 0.2 1050
LS6 1,2-Dichloroethane 08/15/2007 2.2 1 0.12 0.38 1.82
LS6 08/15/2007 3.7 1 0.21 1.4 2.3
LS6 Barium 08/15/2007 256 100 0.04 2000
LS6 Benzene 08/15/2007 11.8 1 0.16 1 10.8
LS6 08/15/2007 36.8 1 0.16 550

Parameter Name1 SWSL 2 MDL4 NCGW2L3

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

Ethylbenzene ug/l
ug/l
ug/l

Xylenes ug/l
ug/l
ug/l

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

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

Xylenes ug/l
ug/l
ug/l

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

Ethylbenzene ug/l
ug/l
ug/l

Xylenes ug/l
ug/l

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

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

Xylenes ug/l
ug/l
ug/l

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

Ethylbenzene ug/l
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Well ID Sample Date Result Unit ExceedanceParameter Name1 SWSL 2 MDL4 NCGW2L3

LS6 Styrene 08/15/2007 1 1 0.16 100
LS6 Toluene 08/15/2007 8.9 1 0.13 1000
LS6 Vinyl Chloride 08/15/2007 2.1 1 0.34 0.015 2.085
LS6 08/15/2007 75.6 4 0.48 530
LS6 Zinc 08/15/2007 13 10 0.2 1050

NE=Not Established

ug/l
ug/l
ug/l

Xylenes ug/l
ug/l

1 Table only contains constituents detected above SWSL and NCGW2L Standard
2 SWSL = Solid Waste Section Limit (Current as of sampling date)
3 NCGW2L = North Carolina Ground Water 2L Standard
4 MDL = Method Detection Limit
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Detection Scan All Detections Reported by Laboratory Monitoring Wells and Surface Water Locations
Wayne County Subtitle D Lined Landfill

Well ID Sample Date Result Unit Exceedance
LE-1 1,1-Dichloroethane 08/15/2007 2.3 5 0.16 70
LE-1 1,2-Dichloroethane 08/15/2007 0.2 5 0.12 0.38
LE-1 08/15/2007 2.9 1 0.21 1.4 1.5
LE-1 2-Butanone 08/15/2007 1.8 100 0.85 4200
LE-1 Acetone 08/15/2007 2.8 100 1.21 700
LE-1 Antimony 08/15/2007 0.6 6 2
LE-1 Arsenic 08/15/2007 4.3 10 1 50
LE-1 Barium 08/15/2007 107 100 0.04 2000
LE-1 Benzene 08/15/2007 2.1 1 0.16 1 1.1
LE-1 Carbon Disulfide 08/15/2007 1.8 100 0.14
LE-1 Chlorobenzene 08/15/2007 0.8 3 0.13 50
LE-1 08/15/2007 0.6 10 0.29
LE-1 Chromium 08/15/2007 4.9 10 0.24 50
LE-1 08/15/2007 1.4 5 0.14 70
LE-1 Cobalt 08/15/2007 4.3 10 0.41
LE-1 Copper 08/15/2007 11 10 0.2 1000
LE-1 08/15/2007 13.8 1 0.16 550
LE-1 Lead 08/15/2007 0.6 10 1.5 15
LE-1 Methylene Chloride 08/15/2007 0.7 1 0.14 4.6
LE-1 Nickel 08/15/2007 21.3 50 0.66 100
LE-1 Selenium 08/15/2007 5.8 10 2 50
LE-1 Sulfate 08/15/2007 57.4 mg/l NE 5 250000
LE-1 Toluene 08/15/2007 11.4 1 0.13 1000
LE-1 Total Phosphorus 08/15/2007 0.24 mg/l NE 0.04
LE-1 08/15/2007 0.4 1 0.13 2.8
LE-1 Vanadium 08/15/2007 4 25 0.42
LE-1 Vinyl Chloride 08/15/2007 1.02 1 0.34 0.015 1.005
LE-1 08/15/2007 34.5 4 0.48 530
LE-1 Zinc 08/15/2007 47 10 0.2 1050
LE-2 1,2-Dichloroethane 08/15/2007 0.8 1 0.12 0.38 0.42
LE-2 08/15/2007 1.5 1 0.21 1.4 0.1
LE-2 2-Butanone 08/15/2007 164 100 0.85 4200
LE-2 08/15/2007 1.9 50 1
LE-2 08/15/2007 8.2 100 0.68
LE-2 Acetone 08/15/2007 63.1 100 1.21 700
LE-2 Antimony 08/15/2007 7 6 2
LE-2 Arsenic 08/15/2007 9 10 1 50
LE-2 Barium 08/15/2007 241 100 0.04 2000
LE-2 Benzene 08/15/2007 4.1 1 0.16 1 3.1
LE-2 Carbon Disulfide 08/15/2007 2.3 100 0.14
LE-2 Chlorobenzene 08/15/2007 0.2 3 0.13 50
LE-2 08/15/2007 1.2 10 0.29
LE-2 08/15/2007 0.3 1 0.18
LE-2 Chromium 08/15/2007 26 10 0.24 50
LE-2 08/15/2007 0.4 5 0.14 70
LE-2 Cobalt 08/15/2007 5.6 10 0.41
LE-2 Copper 08/15/2007 7.8 10 0.2 1000
LE-2 08/15/2007 5 1 0.16 550
LE-2 Lead 08/15/2007 1 10 1.5 15
LE-2 Methylene Chloride 08/15/2007 0.2 1 0.14 4.6
LE-2 Nickel 08/15/2007 81 50 0.66 100

Parameter Name1 SWSL 2 MDL4 NCGW2L3

ug/l
ug/l

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

Chloroethane 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

Trichloroethene ug/l
ug/l
ug/l

Xylenes ug/l
ug/l
ug/l

1,4-Dichlorobenzene ug/l
ug/l

2-Hexanone ug/l
4-Methyl-2-Pentanone ug/l

ug/l
ug/l
ug/l
ug/l
ug/l
ug/l
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
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Well ID Sample Date Result Unit ExceedanceParameter Name1 SWSL 2 MDL4 NCGW2L3

LE-2 Selenium 08/15/2007 5.3 10 2 50
LE-2 Sulfate 08/15/2007 14.5 mg/l NE 5 250000
LE-2 Toluene 08/15/2007 23.5 1 0.13 1000
LE-2 Total Phosphorus 08/15/2007 0.78 mg/l NE 0.04
LE-2 Vanadium 08/15/2007 9.7 25 0.42
LE-2 Vinyl Chloride 08/15/2007 1.1 1 0.34 0.015 1.085
LE-2 08/15/2007 13.2 4 0.48 530
LE-2 Zinc 08/15/2007 250.9 10 0.2 1050
LS4 1,1-Dichloroethane 08/15/2007 0.7 5 0.16 70
LS4 1,2-Dichloroethane 08/15/2007 0.4 1 0.12 0.38 0.02
LS4 1,2-Dichloropropane 08/15/2007 0.2 1 0.17 0.51
LS4 08/15/2007 5.6 1 0.21 1.4 4.2
LS4 2-Butanone 08/15/2007 5.3 100 0.85 4200
LS4 08/15/2007 0.8 100 0.68
LS4 Acetone 08/15/2007 14.4 100 1.21 700
LS4 Antimony 08/15/2007 2.9 6 2
LS4 Arsenic 08/15/2007 13 10 1 50
LS4 Barium 08/15/2007 184 100 0.04 2000
LS4 Benzene 08/15/2007 4.3 1 0.16 1 3.3
LS4 Carbon Disulfide 08/15/2007 4.6 100 0.14
LS4 Chlorobenzene 08/15/2007 0.7 3 0.13 50
LS4 08/15/2007 0.5 10 0.29
LS4 08/15/2007 0.5 1 0.18
LS4 Chromium 08/15/2007 21 10 0.24 50
LS4 Cobalt 08/15/2007 11 10 0.41
LS4 Copper 08/15/2007 15 10 0.2 1000
LS4 08/15/2007 12.3 1 0.16 550
LS4 Lead 08/15/2007 1.3 10 1.5 15
LS4 Methylene Chloride 08/15/2007 0.2 1 0.14 4.6
LS4 Nickel 08/15/2007 58 50 0.66 100
LS4 Sulfate 08/15/2007 8.6 mg/l NE 5 250000
LS4 Toluene 08/15/2007 0.7 1 0.13 1000
LS4 Total Phosphorus 08/15/2007 0.68 mg/l NE 0.04
LS4 Vanadium 08/15/2007 18.1 25 0.42
LS4 Vinyl Chloride 08/15/2007 0.4 1 0.34 0.015 0.385
LS4 08/15/2007 29.4 4 0.48 530
LS4 Zinc 08/15/2007 33 10 0.2 1050
LS5 1,1-Dichloroethane 08/15/2007 0.6 5 0.16 70
LS5 08/15/2007 6.9 1 0.21 1.4 5.5
LS5 2-Butanone 08/15/2007 2.5 100 0.85 4200
LS5 Acetone 08/15/2007 10.2 100 1.21 700
LS5 Antimony 08/15/2007 5.3 6 2
LS5 Arsenic 08/15/2007 8 10 1 50
LS5 Barium 08/15/2007 94.5 100 0.04 2000
LS5 Benzene 08/15/2007 2.5 1 0.16 1 1.5
LS5 Carbon Disulfide 08/15/2007 3.1 100 0.14
LS5 Chlorobenzene 08/15/2007 0.2 3 0.13 50
LS5 08/15/2007 0.3 10 0.29
LS5 08/15/2007 0.8 1 0.18
LS5 Chromium 08/15/2007 23 10 0.24 50
LS5 Cobalt 08/15/2007 15 10 0.41
LS5 Copper 08/15/2007 22 10 0.2 1000
LS5 08/15/2007 5.2 1 0.16 550
LS5 Lead 08/15/2007 2.1 10 1.5 15
LS5 Methylene Chloride 08/15/2007 0.2 1 0.14 4.6

ug/l

ug/l

ug/l
ug/l

Xylenes ug/l
ug/l
ug/l
ug/l
ug/l

1,4-Dichlorobenzene ug/l
ug/l

4-Methyl-2-Pentanone ug/l
ug/l
ug/l
ug/l
ug/l
ug/l
ug/l
ug/l

Chloroethane ug/l
Chloromethane ug/l

ug/l
ug/l
ug/l

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

ug/l

ug/l
ug/l

Xylenes ug/l
ug/l
ug/l

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

Chloroethane ug/l
Chloromethane ug/l

ug/l
ug/l
ug/l

Ethylbenzene ug/l
ug/l
ug/l
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Well ID Sample Date Result Unit ExceedanceParameter Name1 SWSL 2 MDL4 NCGW2L3

LS5 Nickel 08/15/2007 102 50 0.66 100 2
LS5 Selenium 08/15/2007 8.9 10 2 50
LS5 Sulfate 08/15/2007 37.3 mg/l NE 5 250000
LS5 Toluene 08/15/2007 2.6 1 0.13 1000
LS5 Total Phosphorus 08/15/2007 1.56 mg/l NE 0.04
LS5 Vanadium 08/15/2007 19.4 25 0.42
LS5 Vinyl Chloride 08/15/2007 5.6 1 0.34 0.015 5.585
LS5 08/15/2007 17 4 0.48 530
LS5 Zinc 08/15/2007 59 10 0.2 1050
LS6 1,1-Dichloroethane 08/15/2007 2.6 5 0.16 70
LS6 1,2-Dichloroethane 08/15/2007 2.2 1 0.12 0.38 1.82
LS6 1,2-Dichloropropane 08/15/2007 0.5 1 0.17 0.51
LS6 08/15/2007 3.7 1 0.21 1.4 2.3
LS6 2-Butanone 08/15/2007 4 100 0.85 4200
LS6 Acetone 08/15/2007 5.5 100 1.21 700
LS6 Antimony 08/15/2007 0.6 6 2
LS6 Arsenic 08/15/2007 5.9 10 1 50
LS6 Barium 08/15/2007 256 100 0.04 2000
LS6 Benzene 08/15/2007 11.8 1 0.16 1 10.8
LS6 Carbon Disulfide 08/15/2007 1.1 100 0.14
LS6 Chlorobenzene 08/15/2007 1.7 3 0.13 50
LS6 08/15/2007 1.3 10 0.29
LS6 Chromium 08/15/2007 5.6 10 0.24 50
LS6 Cobalt 08/15/2007 2.9 10 0.41
LS6 Copper 08/15/2007 4.5 10 0.2 1000
LS6 08/15/2007 36.8 1 0.16 550
LS6 Lead 08/15/2007 0.3 10 1.5 15
LS6 Nickel 08/15/2007 24.4 50 0.66 100
LS6 Selenium 08/15/2007 2.7 10 2 50
LS6 Styrene 08/15/2007 1 1 0.16 100
LS6 Sulfate 08/15/2007 10.6 mg/l NE 5 250000
LS6 Toluene 08/15/2007 8.9 1 0.13 1000
LS6 Total Phosphorus 08/15/2007 0.54 mg/l NE 0.04
LS6 Vanadium 08/15/2007 5.5 25 0.42
LS6 Vinyl Chloride 08/15/2007 2.1 1 0.34 0.015 2.085
LS6 08/15/2007 75.6 4 0.48 530
LS6 Zinc 08/15/2007 13 10 0.2 1050

NE=Not Established

ug/l
ug/l

ug/l

ug/l
ug/l

Xylenes ug/l
ug/l
ug/l
ug/l
ug/l

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

Chloroethane ug/l
ug/l
ug/l
ug/l

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

ug/l

ug/l
ug/l

Xylenes ug/l
ug/l

1 Table contains all constituents detected above MDL
2 SWSL = Solid Waste Section Limit (Current as of sampling date)
3 NCGW2L = North Carolina Ground Water 2L Standard
4 MDL = Method Detection Limit
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Wayne County Subtitle D Lined Landfill

Monitoring Well Effective Porosity (%) Hydraulic Gradient Flow Rate (ft/yr) Flow Direction

MW-1 3.21E-04 31% 0.035 37.41 S80W

MW-2 1.37E-03 31% 0.016 75.22 N73W

MW-3 9.72E-04 31% 0.010 33.51 S78W

MW-4 2.33E-04 9% 0.068 182.86 S56W

MW-5 1.45E-04 9% 0.013 20.96 S87W

MW-6 8.38E-05 31% 0.005 1.39 S84W

MW-7 6.84E-05 9% 0.004 3.11 N50W

MW-8 1.68E-04 9% 0.014 27.65 S70W

MW-9 6.37E-04 31% 0.014 28.72 S88W

MW-10 4.74E-04 31% 0.014 22.38 S39W

MW-11 1.46E-04 22% 0.082 56.00 S63W

MW-12 1.63E-04 22% 0.010 7.85 N80W

MW-13 2.14E-03 22% 0.010 101.23 S82W

NOTE: 
Hydraulic Conductivity values were obtained from slug tests performed on each monitoring well.

where

Hydrologic Properties at Monitoring Well Locations

Hydraulic Conductivity 
(cm/sec)

Data for effective porosity obtained from Design Hydrogeologic Study for Wayne County.

Hydrologic Gradient taken from the August 14, 2007 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
Wayne County Subtitle D Lined Landfill  
Background Well: MW-1

Arsenic, total

%ND Normality Method ND Adj. Unit

90.91 - Poisson tolerance interval ND 16.5

Well Result Significance

MW-2 13 no

MW-7 12 no

Cadmium, total

%ND Normality Method ND Adj. Unit

100.00 - Poisson tolerance interval ND 3.5

Well Result Significance

MW-13 2.1 no

Chromium, total

%ND Normality Method ND Adj. Unit

31.82 no Non-Parametric Tolerance interval 1/2ND 129

Well Result Significance

MW-2 26 no

MW-13 17 no

Lead, total

%ND Normality Method ND Adj. Unit

50.00 - Non-Parametric Tolerance interval 1/2ND 76

Well Result Significance

MW-2 28 no

MW-13 16 no

Upper Limit (a = 
95%)

ug/l

Upper Limit (a = 
95%)

ug/l

Upper Limit (a = 
95%)

ug/l

Upper Limit (a = 
95%)

ug/l
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Zinc, total

%ND Normality Method ND Adj. Unit

90.91 log-normal Poisson tolerance interval ND 8.0

Well Result Significance

MW-2 2.77 no

MW-8 2.56 no

MW-12 3.26 no

NOTE: Bold-faced monitoring points indicate detected levels exceed North Carolina Groundwater Standard.

Upper Limit (a = 
95%)

log[ug/l]
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Box Plots for Select Constituents
Wayne County Subtitle D Lined Landfill
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Time Series Plots for Select Constituents
Wayne County Subtitle D Lined Landfill

MCL

MCL

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

Total Observations
256
Total Non-Detects 216
Pooled Mean 8.91635
Pooled Std Dev 17.2811
Background Mean 5.73795
Background Std Dev 3.48961

Background Wells
There is 1 background well

Well Samples Non-Detects % ND Total
MW-1 22 20 90.9091 126.235

Well Mean Std Dev Std Err Rank Sum Rank Mean
MW-1 5.73795 3.48961 0 2620 119.091

Compliance Wells
There are 12 compliance wells

Well Samples Non-Detects % ND Total
MW-11 9 9 100 40.235
MW-4 23 17 73.913 332.235
MW-5 23 17 73.913 261.235
MW-13 9 9 100 40.235
MW-8 22 19 86.3636 182.235
MW-6 22 22 100 105.235
MW-10 24 24 100 115.235
MW-12 9 5 55.5556 94.235
MW-3 23 23 100 110.235
MW-9 23 23 100 110.235
MW-2 22 17 77.2727 171
MW-7 25 11 44 594

Well Mean Std Dev Dif From Bkg Std Err Rank Sum Rank Mean
MW-11 4.47056 1.58833 -1.2674 6.59972 976.5 108.5
MW-4 14.445 29.2675 8.70705 4.97403 3275.5 142.413
MW-5 11.358 15.3029 5.62009 4.97403 3284.5 142.804
MW-13 4.47056 1.58833 -1.2674 6.59972 976.5 108.5
MW-8 8.28341 9.70647 2.54545 5.02899 2792.5 126.932
MW-6 4.78341 1.0159 -0.954545 5.02899 2387 108.5
MW-10 4.80146 0.972652 -0.936496 4.9231 2604 108.5
MW-12 10.4706 9.1608 4.7326 6.59972 1465.5 162.833
MW-3 4.79283 0.993571 -0.945128 4.97403 2495.5 108.5
MW-9 4.79283 0.993571 -0.945128 4.97403 2495.5 108.5
MW-2 7.77273 5.58 2.03477 5.02899 2996.5 136.205
MW-7 23.76 40.7832 18.022 4.87579 4526.5 181.06

Analysis of Variance Statistics
SS Wells 8550.16
SS Total 76152.3

Kruskal-Wallis Statistics
Non-Detect Rank 108.5
Background Rank Sum 2620
Background Rank Mean 119.091
H Statistic 24.8308
H Adjusted for Ties 62.1817
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Basic Statistics
Parameter: Cadmium, total
Original Data (Not Transformed)
Non-Detects Replaced with 1/2 DL

Total Observations
256
Total Non-Detects 245
Pooled Mean 0.534609
Pooled Std Dev 0.312825
Background Mean 0.478636
Background Std Dev 0.100204

Background Wells
There is 1 background well

Well Samples Non-Detects % ND Total
MW-1 22 22 100 10.53

Well Mean Std Dev Std Err Rank Sum Rank Mean
MW-1 0.478636 0.100204 0 2706 123

Compliance Wells
There are 12 compliance wells

Well Samples Non-Detects % ND Total
MW-7 25 23 92 13.03
MW-9 23 22 95.6522 12.53
MW-8 22 20 90.9091 13.33
MW-5 23 22 95.6522 11.63
MW-2 22 22 100 10.53
MW-11 9 9 100 4.03
MW-12 9 7 77.7778 7.03
MW-10 24 24 100 11.53
MW-6 22 22 100 10.53
MW-3 23 23 100 11.03
MW-13 9 7 77.7778 7.6
MW-4 23 22 95.6522 13.53

Well Mean Std Dev Dif From Bkg Std Err Rank Sum Rank Mean
MW-7 0.5212 0.171957 0.0425636 0.0897868 3322 132.88
MW-9 0.544783 0.331989 0.0661462 0.0915959 2956 128.522
MW-8 0.605909 0.431726 0.127273 0.092608 2960 134.545
MW-5 0.505652 0.162392 0.0270158 0.0915959 2954 128.435
MW-2 0.478636 0.100204 0 0.092608 2706 123
MW-11 0.447778 0.156667 -0.0308586 0.121533 1107 123
MW-12 0.781111 0.707963 0.302475 0.121533 1366 151.778
MW-10 0.480417 0.0959383 0.0017803 0.0906582 2952 123
MW-6 0.478636 0.100204 0 0.092608 2706 123
MW-3 0.479565 0.0980018 0.000928854 0.0915959 2829 123
MW-13 0.844444 0.683943 0.365808 0.121533 1370 152.222
MW-4 0.588261 0.534778 0.109625 0.0915959 2962 128.783

Analysis of Variance Statistics
SS Wells 2.02986
SS Total 24.9542

Kruskal-Wallis Statistics
Non-Detect Rank 123
Background Rank Sum 2706
Background Rank Mean 123
H Statistic 2.72085
H Adjusted for Ties 22.0404
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Basic Statistics
Parameter: Chromium, total
Original Data (Not Transformed)
Non-Detects Replaced with 1/2 DL

Total Observations
256
Total Non-Detects 140
Pooled Mean 21.0794
Pooled Std Dev 32.9125
Background Mean 36.5055
Background Std Dev 37.9415

Background Wells
There is 1 background well

Well Samples Non-Detects % ND Total
MW-1 22 7 31.8182 803.12

Well Mean Std Dev Std Err Rank Sum Rank Mean
MW-1 36.5055 37.9415 0 3696.5 168.023

Compliance Wells
There are 12 compliance wells

Well Samples Non-Detects % ND Total
MW-5 23 10 43.4783 465.12
MW-4 23 15 65.2174 418.12
MW-8 22 13 59.0909 426.12
MW-11 9 7 77.7778 68.12
MW-12 9 5 55.5556 182.12
MW-10 24 12 50 240.12
MW-6 22 12 54.5455 300.12
MW-9 23 14 60.8696 347.12
MW-7 25 13 52 439.12
MW-13 9 5 55.5556 101
MW-3 23 21 91.3043 151.12
MW-2 22 6 27.2727 1455

Well Mean Std Dev Dif From Bkg Std Err Rank Sum Rank Mean
MW-5 20.2226 23.5267 -16.2828 8.83725 3213 139.696
MW-4 18.1791 30.0885 -18.3263 8.83725 2586.5 112.457
MW-8 19.3691 31.22 -17.1364 8.9349 2706.5 123.023
MW-11 7.56889 7.31797 -28.9366 11.7256 849.5 94.3889
MW-12 20.2356 25.4772 -16.2699 11.7256 1195.5 132.833
MW-10 10.005 6.91443 -26.5005 8.74678 2830 117.917
MW-6 13.6418 13.6449 -22.8636 8.9349 2757 125.318
MW-9 15.0922 18.5842 -21.4133 8.83725 2765 120.217
MW-7 17.5648 22.9419 -18.9407 8.66271 3254.5 130.18
MW-13 11.2222 7.4293 -25.2832 11.7256 1096.5 121.833
MW-3 6.57043 6.70173 -29.935 8.83725 1872.5 81.413
MW-2 66.1364 68.4205 29.6309 8.9349 4073 185.136

Analysis of Variance Statistics
SS Wells 62831.9
SS Total 276224

Kruskal-Wallis Statistics
Non-Detect Rank 70.5
Background Rank Sum 3696.5
Background Rank Mean 168.023
H Statistic 33.0118
H Adjusted for Ties 39.4665
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Basic Statistics
Parameter: Lead, total
Original Data (Not Transformed)
Non-Detects Replaced with 1/2 DL

Total Observations
256
Total Non-Detects 188
Pooled Mean 10.1421
Pooled Std Dev 12.5644
Background Mean 12.9107
Background Std Dev 15.6097

Background Wells
There is 1 background well

Well Samples Non-Detects % ND Total
MW-1 22 11 50 284.035

Well Mean Std Dev Std Err Rank Sum Rank Mean
MW-1 12.9107 15.6097 0 3365.5 152.977

Compliance Wells
There are 12 compliance wells

Well Samples Non-Detects % ND Total
MW-5 23 17 73.913 199.035
MW-4 23 20 86.9565 172.035
MW-8 22 18 81.8182 164.035
MW-7 25 21 84 183.035
MW-9 23 20 86.9565 154.035
MW-3 23 21 91.3043 140.035
MW-11 9 7 77.7778 65.035
MW-12 9 4 44.4444 164.035
MW-10 24 22 91.6667 146.035
MW-6 22 15 68.1818 179.035
MW-13 9 5 55.5556 119
MW-2 22 7 31.8182 627

Well Mean Std Dev Dif From Bkg Std Err Rank Sum Rank Mean
MW-5 8.6537 7.5577 -4.25699 3.32543 2907.5 126.413
MW-4 7.47978 8.75738 -5.4309 3.32543 2560 111.304
MW-8 7.45614 6.44735 -5.45455 3.36218 2575 117.045
MW-7 7.3214 6.84023 -5.58928 3.25975 2863.5 114.54
MW-9 6.69717 5.62625 -6.21351 3.32543 2544 110.609
MW-3 6.08848 4.54973 -6.8222 3.32543 2426.5 105.5
MW-11 7.22611 6.45224 -5.68457 4.4123 1090.5 121.167
MW-12 18.2261 17.1037 5.31543 4.4123 1536 170.667
MW-10 6.08479 4.8338 -6.82589 3.29139 2521 105.042
MW-6 8.13795 6.25651 -4.77273 3.36218 2873.5 130.614
MW-13 13.2222 12.1324 0.31154 4.4123 1367.5 151.944
MW-2 28.5 25.6325 15.5893 3.36218 4265.5 193.886

Analysis of Variance Statistics
SS Wells 10038.9
SS Total 40255.1

Kruskal-Wallis Statistics
Non-Detect Rank 94.5
Background Rank Sum 3365.5
Background Rank Mean 152.977
H Statistic 32.1315
H Adjusted for Ties 53.2022
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Basic Statistics
Parameter: Zinc
Original Data (Not Transformed)
Non-Detects Replaced with 1/2 DL

Total Observations
256
Total Non-Detects 220
Pooled Mean 35.2305
Pooled Std Dev 53.5864
Background Mean 28.8682
Background Std Dev 27.2456

Background Wells
There is 1 background well

Well Samples Non-Detects % ND Total
MW-1 22 20 90.9091 635.1

Well Mean Std Dev Std Err Rank Sum Rank Mean
MW-1 28.8682 27.2456 0 2679 121.773

Compliance Wells
There are 12 compliance wells

Well Samples Non-Detects % ND Total
MW-13 9 9 100 180.1
MW-10 24 23 95.8333 605.1
MW-7 25 19 76 1099.1
MW-5 23 21 91.3043 625.1
MW-11 9 9 100 180.1
MW-12 9 3 33.3333 681
MW-3 23 23 100 530.1
MW-9 23 23 100 530.1
MW-4 23 22 95.6522 650.1
MW-6 22 22 100 505.1
MW-8 22 8 36.3636 2165
MW-2 22 18 81.8182 633

Well Mean Std Dev Dif From Bkg Std Err Rank Sum Rank Mean
MW-13 20.0111 9.97502 -8.85707 19.7706 994.5 110.5
MW-10 25.2125 12.3692 -3.65568 14.748 2779.5 115.813
MW-7 43.964 46.1204 15.0958 14.6062 3548.5 141.94
MW-5 27.1783 16.9865 -1.68992 14.9005 2792.5 121.413
MW-11 20.0111 9.97502 -8.85707 19.7706 994.5 110.5
MW-12 75.6667 67.1063 46.7985 19.7706 1773.5 197.056
MW-3 23.0478 6.50998 -5.82036 14.9005 2541.5 110.5
MW-9 23.0478 6.50998 -5.82036 14.9005 2541.5 110.5
MW-4 28.2652 26.2633 -0.602964 14.9005 2678 116.435
MW-6 22.9591 6.64893 -5.90909 15.0652 2431 110.5
MW-8 98.4091 149.516 69.5409 15.0652 4231 192.318
MW-2 28.7727 15.6111 -0.0954545 15.0652 2911 132.318

Analysis of Variance Statistics
SS Wells 125570
SS Total 732233

Kruskal-Wallis Statistics
Non-Detect Rank 110.5
Background Rank Sum 2679
Background Rank Mean 121.773
H Statistic 31.7295
H Adjusted for Ties 86.8509



Interwell Analyses for Metals
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Poisson Tolerance Limit
Parameter: Arsenic
Original Data (Not Transformed)
Non-Detects Replaced with Detection Limit

Poisson Count of 22 background Samples = 221.47
Degrees of Freedom = 444

95% Confidence Values
Chi-Squared Value (95% Confidence) = 494.126
Lambda (from Zack's formula) = 11.2301
Smallest Degrees of Freedom = 35
Upper Tolerance Limit (95%) = 16.5

99% Confidence Values
Chi-Squared Value (99% Confidence) = 516.25
Lambda (from Zack's formula) = 11.733
Smallest Degrees of Freedom = 42
Upper Tolerance Limit (99%) = 20

Date Result Impacted 95% Impacted 99%
MW-2 12/30/1997 ND<10 FALSE FALSE

2/25/1998 ND<10 FALSE FALSE
4/27/1998 ND<10 FALSE FALSE
6/8/1998 ND<10 FALSE FALSE
2/23/1999 ND<10 FALSE FALSE
8/24/1999 ND<10 FALSE FALSE
2/10/2000 ND<10 FALSE FALSE
8/3/2000 ND<10 FALSE FALSE
2/8/2001 ND<10 FALSE FALSE
8/8/2001 ND<10 FALSE FALSE
2/14/2002 ND<10 FALSE FALSE
8/22/2002 ND<10 FALSE FALSE
2/6/2003 ND<10 FALSE FALSE
8/13/2003 ND<10 FALSE FALSE
2/18/2004 ND<10 FALSE FALSE
8/26/2004 ND<10 FALSE FALSE
2/22/2005 ND<10 FALSE FALSE
8/9/2005 19 TRUE FALSE
2/22/2006 22 TRUE TRUE
8/29/2006 12 FALSE FALSE
2/7/2007 20 TRUE FALSE
8/14/2007 13 FALSE FALSE

MW-7 12/30/1997 35 TRUE TRUE
2/25/1998 30 TRUE TRUE
4/27/1998 ND<10 FALSE FALSE
6/8/1998 14 FALSE FALSE
2/23/1999 12 FALSE FALSE
8/24/1999 ND<10 FALSE FALSE
2/10/2000 ND<10 FALSE FALSE
8/3/2000 42 TRUE TRUE
2/8/2001 38 TRUE TRUE
8/8/2001 23 TRUE TRUE
8/8/2001 ND<10 FALSE FALSE
2/14/2002 ND<10 FALSE FALSE
8/22/2002 ND<10 FALSE FALSE
8/22/2002 ND<10 FALSE FALSE
2/6/2003 207 TRUE TRUE
8/13/2003 ND<10 FALSE FALSE
8/13/2003 ND<10 FALSE FALSE
2/18/2004 13 FALSE FALSE
8/26/2004 ND<10 FALSE FALSE
2/22/2005 26 TRUE TRUE
8/9/2005 57 TRUE TRUE
2/22/2006 ND<10 FALSE FALSE
8/29/2006 18 TRUE FALSE
2/7/2007 12 FALSE FALSE
8/14/2007 12 FALSE FALSE
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Poisson Tolerance Limit
Parameter: Cadmium, total
Original Data (Not Transformed)
Non-Detects Replaced with Detection Limit

Poisson Count of 22 background Samples = 21.06
Degrees of Freedom = 44

95% Confidence Values
Chi-Squared Value (95% Confidence) = 60.4809
Lambda (from Zack's formula) = 1.37457
Smallest Degrees of Freedom = 9
Upper Tolerance Limit (95%) = 3.5

99% Confidence Values
Chi-Squared Value (99% Confidence) = 68.7096
Lambda (from Zack's formula) = 1.56158
Smallest Degrees of Freedom = 12
Upper Tolerance Limit (99%) = 5

Date Result Impacted 95% Impacted 99%
MW-13 5/4/2004 ND<1 FALSE FALSE

8/26/2004 2 FALSE FALSE
11/30/2004 ND<1 FALSE FALSE
2/22/2005 ND<1 FALSE FALSE
8/9/2005 ND<1 FALSE FALSE
2/22/2006 ND<1 FALSE FALSE
8/29/2006 ND<1 FALSE FALSE
2/7/2007 ND<1 FALSE FALSE
8/14/2007 2.1 FALSE FALSE
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Shapiro-Wilks Test of Normality
Parameter: Chromium, total
Background Wells
Normality Test of Parameter Concentrations
Original Data (Not Transformed)
Non-Detects Replaced with 1/2 DL
K = 11; Samples = 22

i x(i) x(n-i+1) x(n-1+1)-x(i) a(n-i+1) b(i)
1 0.12 129 128.88 0.459 59.1559
2 5 108 103 0.3156 32.5068
3 5 96 91 0.2571 23.3961
4 5 90 85 0.2131 18.1135
5 5 60 55 0.1764 9.702
6 5 57 52 0.1443 7.5036
7 5 47 42 0.115 4.83
8 12 33 21 0.0878 1.8438
9 17 31 14 0.0618 0.8652
10 18 28 10 0.0368 0.368
11 20 27 7 0.0122 0.0854
12 27 20 -7
13 28 18 -10
14 31 17 -14
15 33 12 -21
16 47 5 -42
17 57 5 -52
18 60 5 -55
19 90 5 -85
20 96 5 -91
21 108 5 -103
22 129 0.12 -128.88

Sum of b values = 158.37
Sample Standard Deviation = 37.9415
W Statistic = 0.829657
5% Critical value of 0.911 exceeds 0.829657
Evidence of non-normality at 95% level of significance
1% Critical value of 0.878 exceeds 0.829657
Evidence of non-normality at 99% level of significance
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Non-Parametric Tolerance Interval
Parameter: Chromium, total
Original Data (Not Transformed)
Non-Detects Replaced with 1/2 DL

Total Percent Non-Detects = 33.9623%
Background Samples (n) = 22
Maximum Background Concentration = 129
Minimum Coverage = 87.3%
Average Coverage = 95.6522%

Well Sample Result Impacted
MW-13 5/4/2004 ND<5 FALSE
MW-13 8/26/2004 ND<5 FALSE
MW-13 11/30/2004 19 FALSE
MW-13 2/22/2005 ND<5 FALSE
MW-13 8/9/2005 20 FALSE
MW-13 2/22/2006 ND<5 FALSE
MW-13 8/29/2006 20 FALSE
MW-13 2/7/2007 ND<5 FALSE
MW-13 8/14/2007 17 FALSE

MW-2 12/30/1997 144 TRUE
MW-2 2/25/1998 126 FALSE
MW-2 4/27/1998 46 FALSE
MW-2 6/8/1998 ND<5 FALSE
MW-2 2/23/1999 ND<5 FALSE
MW-2 8/24/1999 ND<5 FALSE
MW-2 2/10/2000 ND<5 FALSE
MW-2 8/3/2000 119 FALSE
MW-2 2/8/2001 15 FALSE
MW-2 8/8/2001 94 FALSE
MW-2 2/14/2002 ND<5 FALSE
MW-2 8/22/2002 ND<5 FALSE
MW-2 2/6/2003 221 TRUE
MW-2 8/13/2003 173 TRUE
MW-2 2/18/2004 36 FALSE
MW-2 8/26/2004 143 TRUE
MW-2 2/22/2005 166 TRUE
MW-2 8/9/2005 27 FALSE
MW-2 2/22/2006 44 FALSE
MW-2 8/29/2006 20 FALSE
MW-2 2/7/2007 25 FALSE
MW-2 8/14/2007 26 FALSE
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Shapiro-Wilks Test of Normality
Parameter: Lead, total
Background Wells
Normality Test of Parameter Concentrations
Original Data (Not Transformed)
Non-Detects Replaced with 1/2 DL
K = 11; Samples = 22

i x(i) x(n-i+1) x(n-1+1)-x(i) a(n-i+1) b(i)
1 0.035 76 75.965 0.459 34.8679
2 5 26 21 0.3156 6.6276
3 5 22 17 0.2571 4.3707
4 5 18 13 0.2131 2.7703
5 5 18 13 0.1764 2.2932
6 5 17 12 0.1443 1.7316
7 5 14 9 0.115 1.035
8 5 12 7 0.0878 0.6146
9 5 11 6 0.0618 0.3708
10 5 10 5 0.0368 0.184
11 5 10 5 0.0122 0.061
12 10 5 -5
13 10 5 -5
14 11 5 -6
15 12 5 -7
16 14 5 -9
17 17 5 -12
18 18 5 -13
19 18 5 -13
20 22 5 -17
21 26 5 -21
22 76 0.035 -75.965

Sum of b values = 54.9267
Sample Standard Deviation = 15.6097
W Statistic = 0.589602
5% Critical value of 0.911 exceeds 0.589602
Evidence of non-normality at 95% level of significance
1% Critical value of 0.878 exceeds 0.589602
Evidence of non-normality at 99% level of significance
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Non-Parametric Tolerance Interval
Parameter: Lead, total
Original Data (Not Transformed)
Non-Detects Replaced with 1/2 DL

Total Percent Non-Detects = 43.3962%
Background Samples (n) = 22
Maximum Background Concentration = 76
Minimum Coverage = 87.3%
Average Coverage = 95.6522%

Well Sample Result Impacted
MW-13 5/4/2004 ND<5 FALSE
MW-13 8/26/2004 ND<5 FALSE
MW-13 11/30/2004 ND<5 FALSE
MW-13 2/22/2005 11 FALSE
MW-13 8/9/2005 35 FALSE
MW-13 2/22/2006 ND<5 FALSE
MW-13 8/29/2006 32 FALSE
MW-13 2/7/2007 ND<5 FALSE
MW-13 8/14/2007 16 FALSE

MW-2 12/30/1997 108 TRUE
MW-2 2/25/1998 23 FALSE
MW-2 4/27/1998 30 FALSE
MW-2 6/8/1998 ND<5 FALSE
MW-2 2/23/1999 ND<5 FALSE
MW-2 8/24/1999 ND<5 FALSE
MW-2 2/10/2000 ND<5 FALSE
MW-2 8/3/2000 25 FALSE
MW-2 2/8/2001 28 FALSE
MW-2 8/8/2001 ND<5 FALSE
MW-2 2/14/2002 ND<5 FALSE
MW-2 8/22/2002 ND<5 FALSE
MW-2 2/6/2003 53 FALSE
MW-2 8/13/2003 36 FALSE
MW-2 2/18/2004 23 FALSE
MW-2 8/26/2004 14 FALSE
MW-2 2/22/2005 42 FALSE
MW-2 8/9/2005 74 FALSE
MW-2 2/22/2006 46 FALSE
MW-2 8/29/2006 24 FALSE
MW-2 2/7/2007 38 FALSE
MW-2 8/14/2007 28 FALSE
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Poisson Tolerance Limit
Parameter: Zinc
Natural Logarithm Transformation
Non-Detects Replaced with Detection Limit

Poisson Count of 22 background Samples = 80.2011
Degrees of Freedom = 162

95% Confidence Values
Chi-Squared Value (95% Confidence) = 192.7
Lambda (from Zack's formula) = 4.37955
Smallest Degrees of Freedom = 18
Upper Tolerance Limit (95%) = 8

99% Confidence Values
Chi-Squared Value (99% Confidence) = 206.79
Lambda (from Zack's formula) = 4.69976
Smallest Degrees of Freedom = 22
Upper Tolerance Limit (99%) = 10

Date Result Impacted 95% Impacted 99%
MW-2 12/30/1997 4.49981 FALSE FALSE

2/25/1998 4.06044 FALSE FALSE
4/27/1998 ND<3.91202 FALSE FALSE
6/8/1998 ND<3.91202 FALSE FALSE
2/23/1999 ND<3.91202 FALSE FALSE
8/24/1999 ND<3.91202 FALSE FALSE
2/10/2000 ND<3.91202 FALSE FALSE
8/3/2000 ND<3.91202 FALSE FALSE
2/8/2001 ND<3.91202 FALSE FALSE
8/8/2001 ND<3.91202 FALSE FALSE
2/14/2002 ND<3.91202 FALSE FALSE
8/22/2002 ND<3.91202 FALSE FALSE
2/6/2003 ND<3.91202 FALSE FALSE
8/13/2003 ND<3.91202 FALSE FALSE
2/18/2004 ND<3.91202 FALSE FALSE
8/26/2004 ND<3.91202 FALSE FALSE
2/22/2005 ND<3.91202 FALSE FALSE
8/9/2005 ND<3.91202 FALSE FALSE
2/22/2006 ND<3.91202 FALSE FALSE
8/29/2006 ND<3.91202 FALSE FALSE
2/7/2007 2.94444 FALSE FALSE
8/14/2007 2.77259 FALSE FALSE

MW-12 5/4/2004 ND<3.91202 FALSE FALSE
8/26/2004 4.23411 FALSE FALSE
11/30/2004 ND<3.91202 FALSE FALSE
2/22/2005 5.17615 FALSE FALSE
8/9/2005 5.20949 FALSE FALSE
2/22/2006 4.7185 FALSE FALSE
8/29/2006 4.07754 FALSE FALSE
2/7/2007 ND<2.30259 FALSE FALSE
8/14/2007 3.2581 FALSE FALSE

MW-8 12/30/1997 6.17587 FALSE FALSE
2/25/1998 6.39526 FALSE FALSE
4/27/1998 4.2485 FALSE FALSE
6/8/1998 ND<3.91202 FALSE FALSE
2/23/1999 ND<3.91202 FALSE FALSE
8/24/1999 ND<3.91202 FALSE FALSE
2/10/2000 ND<3.91202 FALSE FALSE
8/3/2000 4.31749 FALSE FALSE
2/8/2001 3.95124 FALSE FALSE
8/8/2001 4.44265 FALSE FALSE
2/14/2002 ND<3.91202 FALSE FALSE
8/22/2002 ND<3.91202 FALSE FALSE
2/6/2003 5.24175 FALSE FALSE
8/13/2003 4.54329 FALSE FALSE
2/18/2004 ND<3.91202 FALSE FALSE
8/26/2004 4.14313 FALSE FALSE
2/22/2005 4.2485 FALSE FALSE
8/9/2005 4.44265 FALSE FALSE
2/22/2006 4.34381 FALSE FALSE
8/29/2006 ND<3.91202 FALSE FALSE
2/7/2007 2.48491 FALSE FALSE
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8/14/2007 2.56495 FALSE FALSE



Laboratory Results






























































