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April 18, 2011

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:    Semi-Annual Water Quality Monitoring and Statistical Analysis Report
          Lenoir County Active C&D and Closed MSWLF
          Permit No. 54-03
          MESCO Project No. G10015.0

Dear Ms. Drummond:

Introduction
The Lenoir County Active Construction and Demolition (C&D) Landfill  and Closed Unlined Sanitary municipal 
solid waste landfill  (MSWLF) is  located on Hodges Farm Road (SR 1524),  La Grange,  Lenoir  County,  North 
Carolina and operates under permit #54-03.  Prior to operation as a C&D landfill  the site operated as a  MSW 
unlined sanitary landfill.  A small area of the MSW, located in the southern portion of the facility stopped receiving 
waste prior to October 1994 and was closed with a 24 inch soil cover.  The remainder was closed prior to October 
1998, with an 18-inch cohesive soil cap having a permeability of 1 x 10-5 cm/sec, and 18 inches of erosive layer, as 
part of the Lenoir County Transition Plan.  The C&D landfill was constructed and is operating on top of the capped 
MSW unit.  On the same contiguous property  and utilizing the same scale house is the existing Subtitle D MSW 
landfill, which is monitored separately, under permit #54-09.     A topographic map showing the facility location is 
included as Plate 1.  

The closed MSW and active C&D landfill are contiguous. therefore monitored together for continuity in reporting. 
The landfill is required to submit semi-annual compliance reports as a condition of the water quality monitoring 
program.   Environment 1 (E1) of Greenville, NC reportedly performed this sampling event on January 27, 2011 in 
accordance  with  the  semi-annual  monitoring  schedule  prescribed  by  the  NC  Solid  Waste  Section  (SWS) 
rules/regulations as promulgated in 15A NCAC 13B.1600.

As specified in 15A NCAC 13B.1632(j) and the SWS Environmental Monitoring Report Form, this report contains 
sampling procedures,  field and laboratory results, groundwater and surface water characterization,  and findings. 
Detections compared to their respective standards tables, hydrogeologic properties table,  a  monitoring network 
field  observations  table,  field  parameter  data  results,  potentiometric  map,  statistical  analysis,  quality 
assurance/quality control data, and laboratory analytical data results with chain-of-custody (C-O-C) are included. 
The  currently  approved  corrective  action  for  this  facility  is  monitored  natural  attenuation  (MNA).  The  MNA 
analysis performed during this event is discussed in a separately submitted  Corrective Action Evaluation Report 
(CAER).



Sampling Procedure
E1 reportedly performed this sampling event  utilizing portable monitoring methodology in accordance with the 
approved Sampling & Analysis Plan (SAP) contained in the   Corrective Action Plan  (CAP) submitted April 30, 
2009.  E1 reportedly collected water samples from six downgradient groundwater monitoring wells (MW-3, MW-4, 
MW-6, MW-9, MW-11 and MW-12), the background well (MW-1), and both surface water points  (SW-1 and SW-
3).   Quality control measures were implemented including submittal and subsequent quantification of a travel blank 
(TB) and  equipment blank (EB).   Monitoring locations are shown on the single-day potentiometric map (Plate 2).  

Static water levels in each well were measured electronically prior to purging.  Additional static water level readings 
were  recorded from two supplementary monitoring  wells  (MW-8 and MW-10)  to  improve  potentiometric  map 
coverage.  Collected samples were transported under proper C-O-C protocol and analyzed within the specified hold 
times for each method.  In addition to the required field parameters (pH, specific conductance, and temperature) the 
field MNA parameters (turbidity, ORP, and DO) were also reported  by E1.

Field Parameter Data
Field parameter data, as recorded by E1, is presented in the laboratory analysis results report (Appendix B).

Laboratory Results 
E1 reportedly analyzed the water samples for the Appendix I list of constituents, total mercury,  plus the Appendix II 
exclusive constituent (defined in this report as constituents not also included in Appendix I) detected during the 
previous July 2010 event.  Additionally, the designated corrective action monitoring wells were analyzed for the 
MNA parameters list as provided by the SWS.   Microseeps Inc. of Pittburgh, PA performed the analysis of three 
MNA parameters (volatile fatty acids, methane/ethene/ethane, and dissolved hydrogen).   A sampling and analysis 
summary is presented on Table 1.  

Water samples were analyzed  to the laboratory-established Method Detection Limits (MDL), which are  at or below 
the current Solid Waste Section Limit (SWSL).  Table 2 summarizes constituents detected in groundwater and 
surface  water  samples  above  the  current  SWSL,  Groundwater  Protection  Standards  (GWP),  North  Carolina 
Groundwater Standards (2L) or the applicable Class C North Carolina Surface Water Standards (2B).  Table 3 
summarizes  Appendix II  exclusive detections above the MDL. Laboratory results  and C-O-Cs are  presented in 
Appendix B.

Quality Control Samples 
Eight of the seventeen (47%)  total metals, including the Appendix II constituent tin, were detected in low non-
quantifiable  (“j”  qualified)  concentrations  in  the EB.  Two  VOCs were  detected in  low non-quantifiable  (“j” 
qualified) concentrations in FB.  The detection of tin in the EB indicates that  artifact contamination may have 
attributed to false positives or high bias concentrations of tin as detected in the  groundwater samples.  

Groundwater Samples 
Total metals were not detected in quantifiable concentrations above their respective 2L or GWP Standard.   Samples 
from MW-12 contained benzene and a non-quantifiable concentration of vinyl chloride  above their respective 2L 
Standard.   Appendix II exclusive parameter, tin, was detected in a non-quantifiable concentration in MW-3 and 
background well MW-1.  

Surfacewater Samples 
A sample collected from SW-1, located downstream from the facility,  contained a zinc concentration above the 
applicable 2B Standard.  Upstream sample SW-3, also contained zinc but in a concentration below the SWSL and 
2B Standard.  
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Table 1
Sampling and Analysis Summary 
January 27, 2011
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Table 2
Detections above SWSL, GWP,  2L, or 2B (Appendix I)
January 27, 2011

Well ID Result Unit

MW-3 Vanadium 1/27/11 13.4 j 0.03 25 3.5 9.9
MW-3 Zinc 1/27/11 74 0.08 10 1050

MW-4 Vanadium 1/27/11 13.8 j 0.03 25 3.5 10.3
MW-4 Zinc 1/27/11 31 0.08 10 1050
MW-4 Toluene 1/27/11 3 0.23 1 600

MW-9 Cobalt 1/27/11 11 0.1 10 70

MW-12 Barium 1/27/11 204 0.03 100 700
MW-12 Vinyl Chloride 1/27/11 0.7 j 0.63 1 0.03 0.67 L &/or LFG
MW-12 Benzene 1/27/11 1.5 0.24 1 1 0.5 L &/or LFG

SW-1 Zinc 1/27/11 64 0.08 10 50 14 N

    adjusted for actual sample preparation data and moisture content, where applicable.
L = Leachate
LFG = Landfill Gas
N = Natural.  Erosion of natural deposits

Parameter Name 1 Sample 
Date MDL 2 SWSL 3 2L 4 2B 5 GWP 6 Exceedance Preliminary 

Cause
ug/l
ug/l

ug/l
ug/l
ug/l

ug/l

ug/l
ug/l
ug/l

ug/l

1 Table contains Appendix I constituents detected above SWSL, GWP, 2L, or 2B 
2 MDL = Method Detection Limit
3 SWSL = Solid Waste Section Reporting Limit (Current as of Sampling Event)
4 2L = North Carolina 15A NCAC 2L Groundwater Qualtity Standard (Current as of Sampling Event)
5 2B = North Carolina 15 NCAC 2B Surface Water Quality Standard for this Specific Stream Classification (Current as of Sampling Event)
6 GWP = Groundwater Protection Standard (Current as of Sampling Event)

j =The reported value is between the laboratory method detection limit (MDL) and the laboratory method reporting limit (MRL),

BOLD = Concentration > 2L, or 2B Standard (Current as of Sampling Event)
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Table 3
Detections Above MDL (Appendix II  Exclusive Detections)
January 27, 2011

Well ID Result Unit

MW-1 Tin 1/27/11 0.2 j 0.11 100 NE NE NE

MW-3 Tin 1/27/11 0.8 j 0.11 100 NE NE NE

EB Tin 1/27/11 0.4 j 0.11 100 NE NE NE

    adjusted for actual sample preparation data and moisture content, where applicable.
NE = Not Established (Currently)

Parameter Name 1 Sample 
Date MDL 2 SWSL 3 2L 4 2B 5 GWP 6 Exceedance Preliminary 

Cause
ug/l

ug/l

ug/l

1 Table contains only Appendix II exclusive (not also included in Appendix I) constituents detected above MDL
2 MDL = Method Detection Limit
3 SWSL = Solid Waste Section Reporting Limit (Current as of Sampling Event)
4 2L = North Carolina 15A NCAC 2L Groundwater Qualtity Standard (Current as of Sampling Event)
5 2B = North Carolina 15 NCAC 2B Surface Water Quality Standard for this Specific Stream Classification (Current as of Sampling Event)
6 GWP = Groundwater Protection Standard (Current as of Sampling Event)
j =The reported value is between the laboratory method detection limit (MDL) and the laboratory method reporting limit (MRL),

BOLD = Concentration > 2L, or 2B Standard (Current as of Sampling Event)
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Table 4

January 27, 2011

MW-1 4.30E-04 20% 0.011 24 N27E 16.65 81.69 Silty Sand

MW-3 1.30E-04 20% 0.002 1 N42E 5.82 58.05 Silty Sand

MW-4 5.40E-04 20% 0.011 30 N30E 6.53 61.50 Silty Sand

MW-6 - - 0.010 - N14W 13.80 71.76 Silty Sand

MW-9 3.80E-04 20% 0.006 12 N42E 5.46 56.94 Sandy Clay

MW-11 6.59E-04 20% 0.012 41 N18W 14.10 64.16 Sand 

MW-12 2.10E-04 20% 0.006 6 N40E 16.68 60.78 Sand

          NOTE: 1.Hydraulic conductivity (K) values for MW-1 through MW-10 were obtained from GAI Consultants (June 1996). 

K values for MW-11 and MW-12 were based on slug test results conducted by MESCO in July 1999.
2.Water levels were measured prior to sampling by Environment 1, Inc. on January 27, 2011.

where 1

19

18

K = hydraulic conductivity 41

Hydrologic Properties at Monitoring Well Locations

Monitoring 
Well

Hydraulic 
Conductivity 

(cm/sec)

Effective 
Porosity 

(%)
Hydraulic 
Gradient

Groundwater 
Velocity Rate 

(ft/yr)
Flow 

Direction
Water Table 

Depth (ft)
Water Table 

Elevation 
(ft)

Screened 
Interval 

Lithology

Linear velocidty rate (Q) is defined by the equation:

Minimum v
x
:

Mean v
x
:

Median v
x
:

Maximum v
x
:

ne = effective porosity
dh = head difference
dl = horizontal distance

Q=−
K
ne
⋅
dh
dl
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Statistical Analysis Methodologies
A statistical analysis was performed on metal and VOC detections utilizing Chemstat software, which was developed 
specifically for RCRA Subtitle D sites and conforms to both current EPA and SWS protocols.  A step-wise approach was 
utilized to evaluate trends in groundwater quality to identify a potential release from the landfill.  Analytical data underwent 
preliminary data evaluation to reduce the data set and to determine if any “outliers” (defined as data that appears to be 
incongruent with respect to historical results) or seasonality exists that may potentially effect the results of the subsequent 
statistical analysis.  All statistical tests were evaluated at the 0.05 level of significance, 95% confidence level, and were 
conducted as one-tailed tests.  Statistical background values were calculated using un-manipulated data from historical 
semi-annual sampling events for this facility from 1994 to the current event.  Historical data compiled for monitoring 
well(s) were used as the baseline.  Groundwater data from the downgradient well(s) were compared to the pooled 
background groundwater data (inter-well) using methods which varied depending upon the percentage of non-detects.  If 
necessary and applicable further intra-well analysis was conducted to compare current data from a single well to it's own 
respective historical data.  Finally, parameters that indicated statistical significance after previous tests were evaluated to 
estimate the change in concentration over time to determine the presence of an upward trend.  

Preliminary Data Evaluation

A preliminary data screening was conducted on detections.  Parameters detected with concentrations found below 
quantifiable levels (SWSL) and below those detected in the background well were eliminated and a statistical analysis was 
not conducted for that particular constituent/well.

Data distributions were reviewed using box and whiskers plots (enclosed charts).  In order to evaluate variability in 
concentrations with respect to time and season, time series plots were generated for select constituents (enclosed charts). 
Time series plots were also visually evaluated for seasonality and “outliers”.  Suspected outliers were than further evaluated 
through the applicable Dixon's,  Rosner's, &/or Discordance Test for Outliers depending upon the number of samples and 
the data distribution.  Outliers are generally not censored from the current nor historical data set prior to statistical analysis 
but are further evaluated and or qualified as necessary.

Inter-well Analyses 
Inter-well statistical analysis was conducted upon total metals detected during this sampling event.  Monitoring well MW-1 
was defined as the background well.  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 1 summarizes the methods used for four different %ND ranges.

Table 1. 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.

Intra-well Analysis 
Intra-well analysis was conducted only on those constituents found to be statistically significant by inter-well analysis with 
sufficient historical samples known to not be impacted.  With intra-well comparisons, data from a single well is compared to 
historical data from the same well.  In general, intra-well analysis is typically used to differentiate true contamination from 
spatial variability.  Intra-well analysis is generally conducted through interpretation of Shewhart-CUSUM and/or 
Exponentially Weighted Moving Average (EWMA) control charts. where applicable.

   %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 -



Poisson Prediction Interval (VOCs)
Historical VOC detections in the background well MW-1 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t
2 c
2

tc y11
c t

2

4
          where

 c = 1/ n  ( n =number of background samples)
  t = one-sided value of student's 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). 

Determine Data Trend Over Time
The parameters that indicated statistical significance a further qualitative evaluation is employed to determine trends in 
concentration over time.  Implementation of Mann-Kendall Trend Analysis or Sen's Slope Analysis is generally used to 
determine if the concentration trend is increasing, decreasing, or remaining constant.  



Statistical Analysis Summary 
Tables & Graphs
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Inter-Well Analysis Summary
January 27, 2011

Background Well: MW-1

Barium, total

%ND Normality Method ND Adj. Unit

100 - Poisson tolerance limit  ND 11.0

Well Result Significance
MW-12 5.743 no

NOTE: Bold-faced monitoring points indicate detected levels exceed North Carolina Groundwater 2L Standard.

Upper Limit 
(a = 95%)

log[ug/l]
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Summary of Pooled VOCs in Background Well (MW-1)
January 27, 2011

Constituent Samples

35 35 100.00
1,1,1-Trichloroethane 35 35 100.00

35 35 100.00
1,1,2-Trichloroethane 35 35 100.00

35 35 100.00
35 35 100.00
35 35 100.00
35 35 100.00
35 35 100.00
35 35 100.00
35 35 100.00
35 35 100.00
35 35 100.00
35 35 100.00
35 35 100.00
35 35 100.00

Acetone 35 35 100.00
35 35 100.00

Benzene 35 35 100.00
35 35 100.00
35 35 100.00
35 35 100.00
35 35 100.00

Carbon disulfide 35 35 100.00
Carbon tetrachloride 35 35 100.00

35 35 100.00
35 35 100.00

Chloroform 35 35 100.00
35 35 100.00
35 35 100.00
35 35 100.00
35 35 100.00
35 35 100.00
35 35 100.00
35 35 100.00
35 35 100.00

Styrene 35 35 100.00
35 35 100.00

Toluene 35 35 100.00
35 35 100.00
35 35 100.00
35 35 100.00
35 35 100.00
35 35 100.00

Vinyl acetate 35 35 100.00
Vinyl chloride 35 35 100.00
Xylene 35 35 100.00

Total 1645 1645 100.00

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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Poisson Prediction Interval Based upon Pooled Background VOCs
January 27, 2011

Detected VOCs (Background Well: MW-1)

Well Benzene Toluene

2L 1 600 - -
MW-4 3 3 1
MW-12 1.5 1.5 1
TOTAL 1.5 3 4.5 2

“j” qualifiers omitted for statistical analysis purposes

Total number of sampling events [n] = 35
Total number of detections in background wells [y] = 0

Number of comparisons (downgradient wells) [k] = 6
One-sided value of Student's t-statistic (95% confidence) [t] = 2.5

Expected number of detections in a single future sample [y*] = 0.03

Statistically Significant # of VOC Detections in MW-4 & MW-12
No VOC Concentrations Exhibited an Increasing Trend

Total 
Cumulative 

Concentration

Total 
Detections 

>SWSL

All Concentrations in ug/L

Bold = Detected above 2L Standard (Current as of Sampling Event)

↑ = Increasing concentration trend per Sen's Slope Indicator Analysis. 

Underlined = Concentration detected outside own historically identified range
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Time Series Plots for Select Constituents (VOCs)
January 27, 2011

Non-Detects Represented at Detection Limit



           Statistical Analysis             
Basic Statistics
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Original Data (Not Transformed) Page 1 Non-Detects Replaced with 1/2 DL

Basic Statistics
Parameter: Barium, total
Original Data (Not Transformed)

Non-Detects Replaced with 1/2 DL

Total Measurements 94

Total Non-Detects 88 (93.617%)

Pooled Mean 207.479

Pooled Std Dev 81.2504

Compliance Meas. 58

Compliance Mean 212.121

Compliance Std Dev 77.311

Background Meas. 36

Background Mean 200

Background Std Dev 87.831

Background Locations
There is 1 background location

Location Meas. Non-Detects % ND Total

MW-1 36 36 100 7200

Location Mean Std Dev Std Err Rank Sum Rank Mean

MW-1 200 87.831 0 1602 44.5

Compliance Locations
There are 2 compliance location

Location Obs. Non-Detects % ND Total

MW-3 34 34 100 7100

MW-12 24 18 75 5203

Location Mean Std Dev Dif From Bkg Std Err Rank Sum Rank Mean

MW-3 208.824 82.0851 8.82353 19.5763 1513 44.5

MW-12 216.792 71.4575 16.7917 21.572 1350 56.25

Analysis of Variance Statistics
SS Wells 4156.56

SS Total 613951

Kruskal-Wallis Statistics
Non-Detect Rank 44.5

Background Rank Sum 1602

Background Rank Mean 44.5

H Statistic 3.31579

H Adjusted for Ties 18.4683
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Original Data (Not Transformed) Page 2 Non-Detects Replaced with 1/2 DL

Basic Statistics
Parameter: Cobalt, total
Original Data (Not Transformed)

Non-Detects Replaced with 1/2 DL

Total Measurements 134

Total Non-Detects 113 (84.3284%)

Pooled Mean 8.0597

Pooled Std Dev 9.64307

Compliance Meas. 98

Compliance Mean 9.18367

Compliance Std Dev 11.0792

Background Meas. 36

Background Mean 5

Background Std Dev 0

Background Locations
There is 1 background location

Location Meas. Non-Detects % ND Total

MW-1 36 36 100 180

Location Mean Std Dev Std Err Rank Sum Rank Mean

MW-1 5 0 0 2052 57

Compliance Locations
There are 3 compliance location

Location Obs. Non-Detects % ND Total

MW-3 31 31 100 155

MW-4 31 29 93.5484 166

MW-9 36 17 47.2222 579

Location Mean Std Dev Dif From Bkg Std Err Rank Sum Rank Mean

MW-3 5 0 0 2.06077 1767 57

MW-4 5.35484 1.37957 0.354839 2.06077 1882 60.7097

MW-9 16.0833 16.1588 11.0833 1.98238 3344 92.8889

Analysis of Variance Statistics
SS Wells 3171.68

SS Total 12367.5

Kruskal-Wallis Statistics
Non-Detect Rank 57

Background Rank Sum 2052

Background Rank Mean 57

H Statistic 21.2415

H Adjusted for Ties 53.0597
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Original Data (Not Transformed) Page 3 Non-Detects Replaced with 1/2 DL

Basic Statistics
Parameter: Zinc, total
Original Data (Not Transformed)

Non-Detects Replaced with 1/2 DL

Total Measurements 139

Total Non-Detects 98 (70.5036%)

Pooled Mean 73.3073

Pooled Std Dev 167.809

Compliance Meas. 103

Compliance Mean 90.6675

Compliance Std Dev 191.71

Background Meas. 36

Background Mean 23.6378

Background Std Dev 22.3172

Background Locations
There is 1 background location

Location Meas. Non-Detects % ND Total

MW-1 36 34 94.4444 850.96

Location Mean Std Dev Std Err Rank Sum Rank Mean

MW-1 23.6378 22.3172 0 1908 53

Compliance Locations
There are 3 compliance location

Location Obs. Non-Detects % ND Total

MW-3 36 12 33.3333 6248

MW-4 36 26 72.2222 2192.79

MW-9 31 26 83.871 897.96

Location Mean Std Dev Dif From Bkg Std Err Rank Sum Rank Mean

MW-3 173.556 248.228 149.918 37.2345 3525 97.9167

MW-4 60.9108 183.865 37.2731 37.2345 2434 67.6111

MW-9 28.9665 19.7662 5.32867 38.7068 1863 60.0968

Analysis of Variance Statistics
SS Wells 517086

SS Total 3.88606e+006

Kruskal-Wallis Statistics
Non-Detect Rank 49.5

Background Rank Sum 1908

Background Rank Mean 53

H Statistic 25.718

H Adjusted for Ties 39.5928



           Statistical Analysis            
Inter-well Analysis
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Poisson Tolerance Limit
Parameter: Barium, total
Natural Logarithm Transformation

Non-Detects Replaced with Detection Limit

Poisson Count of 36 background measurements = 209.241

Degrees of Freedom = 420

95% Confidence Values
Chi-Squared Value (95% Confidence) = 468.782

Lambda (from Zack's formula) = 6.51086

Smallest Degrees of Freedom = 23

Upper Tolerance Limit (95%) = 10.5

99% Confidence Values
Chi-Squared Value (99% Confidence) = 490.35

Lambda (from Zack's formula) = 6.81042

Smallest Degrees of Freedom = 29

Upper Tolerance Limit (99%) = 13.5

Date Conc. Significant 95% Significant 99%

MW-12 2/23/2000 ND<6.21461 FALSE FALSE

2/23/2000 ND<6.21461 FALSE FALSE

7/17/2000 ND<6.21461 FALSE FALSE

1/24/2001 ND<6.21461 FALSE FALSE

7/11/2001 ND<6.21461 FALSE FALSE

1/10/2002 ND<6.21461 FALSE FALSE

7/8/2002 ND<6.21461 FALSE FALSE

1/22/2003 ND<6.21461 FALSE FALSE

7/7/2003 ND<6.21461 FALSE FALSE

1/22/2004 ND<6.21461 FALSE FALSE

7/12/2004 ND<6.21461 FALSE FALSE

1/26/2005 ND<6.21461 FALSE FALSE

7/14/2005 ND<6.21461 FALSE FALSE

1/25/2006 ND<6.21461 FALSE FALSE

7/13/2006 ND<6.21461 FALSE FALSE

1/17/2007 ND<4.60517 FALSE FALSE

7/31/2007 ND<4.60517 FALSE FALSE

1/23/2008 ND<4.60517 FALSE FALSE

7/15/2008 5.20401 FALSE FALSE

1/28/2009 4.94164 FALSE FALSE

7/29/2009 5.52146 FALSE FALSE

1/12/2010 5.37064 FALSE FALSE

7/21/2010 5.743 FALSE FALSE

1/27/2011 5.31812 FALSE FALSE
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Poisson Tolerance Limit
Parameter: Cobalt, total
Natural Logarithm Transformation

Non-Detects Replaced with Detection Limit

Poisson Count of 36 background measurements = 82.8931

Degrees of Freedom = 167

95% Confidence Values
Chi-Squared Value (95% Confidence) = 198.154

Lambda (from Zack's formula) = 2.75214

Smallest Degrees of Freedom = 13

Upper Tolerance Limit (95%) = 5.5

99% Confidence Values
Chi-Squared Value (99% Confidence) = 212.431

Lambda (from Zack's formula) = 2.95043

Smallest Degrees of Freedom = 17

Upper Tolerance Limit (99%) = 7.5

Date Conc. Significant 95% Significant 99%

MW-9 9/9/1994 2.94444 FALSE FALSE

10/28/1994 ND<2.30259 FALSE FALSE

1/6/1995 ND<2.30259 FALSE FALSE

2/24/1995 ND<2.30259 FALSE FALSE

7/17/1995 2.83321 FALSE FALSE

1/23/1996 ND<2.30259 FALSE FALSE

7/25/1996 2.48491 FALSE FALSE

1/14/1997 2.48491 FALSE FALSE

7/17/1997 ND<2.30259 FALSE FALSE

1/21/1998 ND<2.30259 FALSE FALSE

7/27/1998 ND<2.30259 FALSE FALSE

1/6/1999 ND<2.30259 FALSE FALSE

6/29/1999 ND<2.30259 FALSE FALSE

1/27/2000 2.83321 FALSE FALSE

7/17/2000 2.56495 FALSE FALSE

1/24/2001 3.7612 FALSE FALSE

7/11/2001 ND<2.30259 FALSE FALSE

1/10/2002 ND<2.30259 FALSE FALSE

7/8/2002 3.89182 FALSE FALSE

1/22/2003 3.7612 FALSE FALSE

7/7/2003 4.04305 FALSE FALSE

1/22/2004 4.17439 FALSE FALSE

7/12/2004 ND<2.30259 FALSE FALSE

1/26/2005 3.49651 FALSE FALSE

7/14/2005 2.70805 FALSE FALSE

1/25/2006 2.77259 FALSE FALSE

7/13/2006 ND<2.30259 FALSE FALSE

1/17/2007 ND<2.30259 FALSE FALSE

7/31/2007 ND<2.30259 FALSE FALSE

1/23/2008 2.99573 FALSE FALSE

7/15/2008 ND<2.30259 FALSE FALSE

1/28/2009 3.09104 FALSE FALSE

7/29/2009 2.94444 FALSE FALSE

1/12/2010 2.3979 FALSE FALSE

7/21/2010 ND<2.30259 FALSE FALSE

1/27/2011 2.3979 FALSE FALSE
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Poisson Tolerance Limit
Parameter: Zinc, total
Natural Logarithm Transformation

Non-Detects Replaced with Detection Limit

Poisson Count of 36 background measurements = 121.827

Degrees of Freedom = 245

95% Confidence Values
Chi-Squared Value (95% Confidence) = 282.511

Lambda (from Zack's formula) = 3.92377

Smallest Degrees of Freedom = 16

Upper Tolerance Limit (95%) = 7

99% Confidence Values
Chi-Squared Value (99% Confidence) = 299.417

Lambda (from Zack's formula) = 4.15856

Smallest Degrees of Freedom = 21

Upper Tolerance Limit (99%) = 9.5

Date Conc. Significant 95% Significant 99%

MW-4 9/9/1994 ND<3.91202 FALSE FALSE

10/28/1994 ND<3.91202 FALSE FALSE

1/6/1995 ND<3.91202 FALSE FALSE

2/24/1995 ND<3.91202 FALSE FALSE

7/17/1995 ND<3.91202 FALSE FALSE

1/23/1996 ND<3.91202 FALSE FALSE

7/25/1996 ND<3.91202 FALSE FALSE

1/14/1997 ND<3.91202 FALSE FALSE

7/11/1997 ND<3.91202 FALSE FALSE

1/21/1998 ND<3.91202 FALSE FALSE

7/27/1998 ND<3.91202 FALSE FALSE

1/6/1999 ND<3.91202 FALSE FALSE

6/29/1999 4.00733 FALSE FALSE

1/27/2000 3.91202 FALSE FALSE

7/17/2000 7.02287 TRUE FALSE

1/24/2001 4.74493 FALSE FALSE

7/11/2001 ND<3.91202 FALSE FALSE

1/10/2002 ND<3.91202 FALSE FALSE

7/8/2002 4.81218 FALSE FALSE

1/22/2003 4.14313 FALSE FALSE

7/7/2003 4.30407 FALSE FALSE

1/22/2004 ND<3.91202 FALSE FALSE

7/12/2004 ND<3.91202 FALSE FALSE

1/26/2005 ND<3.91202 FALSE FALSE

7/14/2005 ND<3.91202 FALSE FALSE

1/25/2006 ND<3.91202 FALSE FALSE

7/13/2006 ND<3.91202 FALSE FALSE

1/17/2007 ND<2.30259 FALSE FALSE

7/31/2007 ND<0.620576 FALSE FALSE

1/23/2008 ND<0.620576 FALSE FALSE

7/15/2008 ND<0.620576 FALSE FALSE

1/28/2009 ND<2.30259 FALSE FALSE

7/29/2009 3.4012 FALSE FALSE

1/12/2010 ND<2.30259 FALSE FALSE

7/21/2010 2.48491 FALSE FALSE

1/27/2011 3.43399 FALSE FALSE

MW-3 9/9/1994 ND<3.91202 FALSE FALSE

10/28/1994 ND<3.91202 FALSE FALSE

1/6/1995 ND<3.91202 FALSE FALSE

2/24/1995 ND<3.91202 FALSE FALSE

7/17/1995 ND<3.91202 FALSE FALSE

1/23/1996 ND<3.91202 FALSE FALSE

7/25/1996 ND<3.91202 FALSE FALSE

1/14/1997 ND<3.91202 FALSE FALSE

7/11/1997 ND<3.91202 FALSE FALSE

1/21/1998 ND<3.91202 FALSE FALSE

7/27/1998 5.18739 FALSE FALSE

1/6/1999 5.84932 FALSE FALSE

6/29/1999 6.49527 FALSE FALSE

1/27/2000 6.62007 FALSE FALSE

7/17/2000 ND<3.91202 FALSE FALSE

1/24/2001 5.78074 FALSE FALSE

7/11/2001 6.34914 FALSE FALSE
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1/10/2002 5.4161 FALSE FALSE

7/8/2002 6.06611 FALSE FALSE

1/22/2003 5.63479 FALSE FALSE

7/7/2003 7.00397 TRUE FALSE

1/22/2004 5.33754 FALSE FALSE

7/12/2004 4.83628 FALSE FALSE

1/26/2005 4.46591 FALSE FALSE

7/14/2005 5.0689 FALSE FALSE

1/25/2006 4.04305 FALSE FALSE

7/13/2006 ND<3.91202 FALSE FALSE

1/17/2007 4.48864 FALSE FALSE

7/31/2007 4.07754 FALSE FALSE

1/23/2008 3.29584 FALSE FALSE

7/15/2008 3.13549 FALSE FALSE

1/28/2009 4.12713 FALSE FALSE

7/29/2009 3.66356 FALSE FALSE

1/12/2010 3.21888 FALSE FALSE

7/21/2010 3.73767 FALSE FALSE

1/27/2011 4.30407 FALSE FALSE



   Laboratory Analysis Report           
     Chains of Custody               




















































