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m OPERATION/CONSTRUCTION MANAGERS CIVIL/SANITARY ENGINEERS

Municipal Engineering

Services Company, P.A.

September 24, 2004
Mr. Larry Rose
b 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 and Statistical Analysis
Cherokee County Subtitle D Lined Landfill
MESCO Project No. G04007.0

Dear Mr. Rose:

Municipal Engineering Services Company, P.A. {(MESCO) completed the statistical analyses for the Cherokee
County Subtitle D Lined Landfill located in Marble, NC. The purpose of these analyses is to determine, in
comparison to background levels, statistical significance of constituents detected during the February 2004
sampling event.

The Appendix 1 laboratory analyses conducted by Pace Analytical Services Incorporated of Asheville NC reveal
several metal detections and 9 different VOCs discovered. MW-3 and MW-4 continue to contain the highest
proportion of metals with chromium, lead, and nickel found above the North Carolina Groundwater Standard.
Background well MW-1 also contained concentrations of chromium and lead above the MCL. A total of 9
VOCs were detected within compliance well MW-6S with 5 found in concentrations above the Standard. MW-6D
contained a premier detection of cis-1,2-Dichloroethene and MW-7 also contained Tetrachloroethylene for the first
time.

S

Statistical Analysis Methodology
Metals

An inter-well statistical analysis was conducted upen metals detected during the February 24, 2004 sampling
event. Data compiled from background 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%
confidence level. For each tested constituent, all the detections with a level below its background concentration
were screened out in an effort to minimize the total number of comparisons to be conducted. Then an appropriate
statistical analysis method was selected based on the percentages of non-detects (%ND) in the historical
background data. The following table (Table 1) summarizes the methods used for four different %ND ranges.

Table 1. Statistical Analysis Methods for Various %ND Ranges
%ND sis Method ND Substitution
%ND<15%| Parametric tolerance limit 172 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 -

4 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.
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A total of 10 metals were tested for statistical significance. For arsenic, barium, and ¢obalt the non-parametric
tolerance interval method with 2 ND substitution was used because the data was not normally distributed or the %
ND was greater than 50% but less than 90%. For selenium the Poisson Tolerance Limit with no ND substitution
was utilized because the %ND was >90%. For all the remaining detected metals, the parametric tolerance limit
with Y ND substitution was used because the %ND was <50% and the data was either normally or “log-normally”
distributed when evaluated via Shapiro-Wilks normality test.

VOCs

All historical VOC detections in the background well MW-1 were pooled in order to determine the total number of
detections, from which the expected number of detections in a single down gradient moenitoring point { ‘:_, ) was
derived by utilizing the Poisson prediction interval. The parameter '’ is defined by the following equation:

where
¢ = 1/ n ( ;1 =oumber of background samples)
¢t = one-sided value of students 7 -Statistic at 95% confidence ¢
y = number of events observed in a previous samples
v~ = expected number of events in a single future sample

4 @Gibboss, 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 # -Statistic was derived from tabulated values
included in Gibbons (1994).

Intrawell Analyses

For those constituents that had been found to be statistically significant by the interwell analysis, further analyses
were conducted to determine whether the statistical significance was caused by spatial variability. Shewhart-
CUSUM control charts were generated for each of the triggered constituents to determine its baseline levels.
Baseline levels in this context are defined as the background ievel derived from the data in a given downgradient
well. It’s important to note that Shewhart-CUSUM control charts requires a minimum of eight independent
historical sampling events and a detection rate greater than 25% (%ND<75%).

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). Table 2 summarizes those metals that were found

statistically significant by interwell comparison analysis.

Table 2. Interwell Analyses Summary
Well Arsenic Chromium Nickel Vanadium Zinc
MW-3 X X X X T X
Mw-4 X X X X X
x=level significantly higher than the background level

Metals with concentrations above the background monitoring well were found exclusively within MW-3 and MW-
4 which are located next to each other near the NE portion of the landfill. Concentrations of all of the metals
detected within these wells have decreased since last sampling event conducted in August 2003, Further Intrawell
analysis was conducted to determine whether the statistical significance of metals was caused by spatial variability.
Shewhart-CUSUM control charts were formulated for the compliance wells MW-3 and MW-4. All of the metals



that were found to be in significant concentrations according to interwell analysis were found not to be above their
own background levels by intrawell analysis,

The number of VOC detections were again the highest since implementation of the detection monitoring program.
MW-6S, located south of the sump, continues to contain several VOCs. Since the expected number of detections
in a single compliance well derived from the pooled background wells is below the number detected the VOCs
within MW-68 are considered to be statisticatly significant. MW-6D, the nested deep counterpart to MW-6S,
contained a statistically insignificant number of VOCs. MW-7 contained a concentration of tetrachloroethylene
above the Standard. Compliance well MW-7 was found to contain a concentration of cis-1,2-Dichloroethene
slightly over the detection limit but well below the Standard. This is the premier VOC detection within this
compliance well with exception to a few detections of carbon disulfide which were discovered during the original
baseling sampling events in 1998,

Conclusion

The statistical analyses results for the February 2004 sampling event at the Cherokee County Subtitle D Lined
Landfill indicate that MW-68 has been impacted by VOCs. A preliminary groundwater investigation of the MW-
68 area was conducted and the report submitted on June 13, 2004. Although the stormwater penetration leading
from the sump to the area adjacent to MW-65/D appeared to not be leaking the pipe is in the process of being
excavated and will be grouted to ensure future leachate cannot escape the cell. Although it is apparent that MW-6S
has been impacted by leachate the exact mode release is not known at this time but it is very unlikely that any wells
outside the property boundary are at risk of contamination. Pace Analytical Services sampled the site for the
Appendix I list of parameters and the Appendix I list for MW-65/D during the August 2004 event as continuation
of the detection monitoring program. When the results are submitted they will be reported to the Section. If you
have any questions or comments regarding this report, please contact me at

(919} 772-5393 or email me at jpfohl@mesco.com.

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

)

Janathan Pfo
Emwironmentai Specialist

Enclosures

cc:  Mr. Robert Allen
Cherokee County



Exceedance Scan

Cherokee County Subtitle D Landfill

Well ID Parameter Name ' Sample Date  Result Unit paL? wMcL® Exceedance
Leachate Barium, total 212412004 0.48 mg/l 0.005 2

Leachate Nickel, total 212412004 0.018 mg/l 0.005 0.1

MW-1 Arsenic, total 2/2412004 0.0077 mg/l 0.005 0.05

MW-1 Barium, total 212412004 0.11 mg/| 0.005 2

MW-1 Beryllium, total 212412004 0.0017 mg/| 0.001 -

MW-1 Chromium, total 2124/2004 0.053 mg/l 0.002 0.05 0.003
Mw-1 Cobalt, total 21242004 0.035 mg/| 0.005 -

Mw-1 Copper, totat 2/24/2004 0.072 mg/l 0.002 1

MW iead, total 2/24/2004 0.024 mygft 0.005 0.015 0.009
MW-1 Nickel, total 212412004 0.033 mg/t 0.005 0.1

MW-1 Tin, total 2/24/2004 0.026 mg/l 0.005 -

MwW-1 Vanadium 2/24/2004 0.042 mg/l 0.005 -

MW-1 Zinc, total 2/24/2004 0.074 mgAl 0.01 2.1

MwW-2 Barium, total 2/24/2004 0.043 mg/l 0.005 2

MwW-2 Chromium, total 212412004 0.012 mg/l 0.002 0.05

MW-2 Cobailt, total 2/24/2004 0.0052 mg/l 0.005 -

MW-2 Copper, total 212412004 0.0035 mgfl 0.002 1

MW-2 Lead, total 2/24/2004 0.007 mg/l 0.005 0.015

MW-2 Nickel, total 272412004 0.0078 mg/l 0.005 0.1

MwW-2 Vanadium 212412004 0.007 mg/l 0.005 -

Mw-2 Zinc, total 212412004 0.026 mg/l 0.01 21

MW-3 Arsenic, total 212412004 0.016 mg/l 0.005 0.05

MW-3 Barium, totai 2/24/2004 1 mgfl 0.005 2

MW-3 Beryllium, total 212412004 0.01 mg/! 0.001 -

MW-3 Chromium, total 2/24/2004 0.16 mag/l 0.002 0.05 0.11
MW-3 Cobalt, totai 212472004 0.1 mg/| 0.005 -

MW-3 Copper, total 212472004 0.058 mg/| 0.002 1

MW-3 Lead, total 2/24/2004 0.094 mg/l 0.005 0.015 0.079
MW-3 Nickel, total 212412004 0.1 mg/l 0.005 0.1

MW-3 Vanadium 212412004 0.1 mg/| 0.005 -

Mw-3 Zinc, total 2/24/2004 0.45 ma/l 0.01 2.1

Mw-4 Arsenic, total 212472004 0.026 mg/l 0.005 0.05

MW-4 Barium, total 2/2472004 1.6 mg/l 0.005 2

Mw-4 Beryllium, total 2/24/2004 0.01 mg/t 0.001 -

MwW-4 Chromium, total 212412004 0.16 mg/i 0.002 0.05 0.1
Mw-4 Cobait, total 2/24/2004 0.059 mg/i 0.005 -

Mw-4 Copper, total 212412004 0.048 mgh 0.002 1

Mw-4 Lead, total 2/24/2004 0.058 mg/l 0.005 0.015 0.043
MwW-4 Nickel, total 212412004 0.13 mg/l 0.005 0.1 0.03
Mw-4 Vanadium 2/24/2004 0.1 mg/l 0.005 -

Mw-4 Zing, total 212412004 0.43 mg/l 0.01 2.1

MW-5 Barium, total 212472004 0.012 mg/l 0.005 2

MW-5 Zince, total 212412004 0.019 mg/l 0.01 2.1

MW-6D Barium, total 212412004 0.009 mg/| 0.005 2

MW-ED Chromium, total 2/24/2004 0.0026 mg/| 0.002 0.05

MW-ED Zinc, total 2/2472004 0.013 mg/) 0.1 2.1

MW-65 Barium, total 2/24/2004 0.24 mg/| 0.005 2

MW-6S5 Beryllium, total 212472004 0.0014 mg/| 0.001 -

MW-65 Cobalt, total 212412004 0.035 mg/l 0.005 -

Exceedance Scan - Cherokee County Subtitle D Landfill
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Well ID Parameter Name ' Sample Date  Result Unit PaL? McL® Exceedance
MW-6S Lead, total 212412004 0.0059 mg/l 0.005 0.015

MW-6S Nickel, total 2/24/2004 0.024 mg/l 0.005 0.1

MW-6S5 Selenium, total 2124/2004 0.008 mg/| 0.005 0.05

MW-65 Zinc, total 212472004 0.066 mg/l 0.01 2.1

MW-7 Barium, total 21242004 0.039 mg/l 0.005 2

MW-7 Chromium, total 212472004 0.0033 mg/l 0.002 0.05

MW-7 Cobait, total 2/24/2004 0.017 mgfl 0.005 -

MwW-7 Copper, total 2/24/2004 0.0043 mg/l 0.002 1

MW-7 Zine, total 2/24/2004 0.023 mg/l 0.01 2.1

MW-6D cis-1,2-Dichloroethene 2/24/2004 9.1 ugfl 5 70

MW-6S 1,2-Dichlorobenzene 212412004 13 ug/l 5 620

MW-8S 1,4-Dichlorobenzene 212472004 g9 ugfl 5 75

MW-6S Benzene 2/24/2004 11 ug/l 5 1 10
MW-6S cis-1,2-Dichloroethene 272472004 43 ugfl 5 70

MW-6S Dichioromethane 2/24/2004 23 ug/l 5 5 18
MW-6S Tetrachloroethylene 2/24/2004 8.7 ug/l 5 0.7 8
MW-6S Trichloroethylene 212412004 6.5 ug/l 5 .8 37
MW-8S Vinyl chioride 212412004 8.3 ug/l 5 0.015 8.285
MW-6S Xylene 2/24/2004 25 ugfl 5 530

MW-7 Tetrachloroethyiene 2/24/2004 5 ug/l 5 0.7 4.3
Leachate Acetone 272472004 i6 ug/l 10 700

Leachate Ethylbenzene 2/24/2004 17 ug/l 5 29

Leachate Toluene 2/24/2004 5.8 ugf 5 1000

Leachate  Vinyl chioride 2/24i2004 8.9 ug/l 5 0.015 8.885
Leachate Xylene 21242004 40.5 ug/l 5 530

1 Table only contains detected constituents.

2 PQL = Practical Quantitation Limit

* MCL = Maximum Contaminant Level {North Carolina Groundwater Standard)

Exceedance Scan - Cherckee County Subtitle D Landfill Page 2 of 2



Statistical Analyses Summary



Inter-Well Analysis Summary

Cherokee County Subtitle D Lined Landfill

Background Weil: MW-1

Arsenic, total
%ND  Normality Method ND Adij. cuumw_mﬁ; (a Unit
= o
75.00 no Non-parametric tolerance interval 1/2ND 11 ug/l
Well Result Significance
MW-3 16 yes
MW-4 25 yes
Barium, total
%ND  Normality Method ND Adj. cuumwwﬁ; (a Unit
- Q
12.50 no MNon-parametric tolerance interval 1/2ND 3000 ug/l
Well Result Significance
MW-3 1000 no
MW-4 1500 no
MW-6S 240 no
Beryllium, total
%ND  Normality Method ND Adj. cuuwwwﬁ; (a Unit
- 0
31.25 log-normal Parametric Tolerance interval 1/2ND 2.612 loglug#]
Well Result Significance
MW-3  2.30259 no
MW-4 230259 no
Chromium, total
o . . Upper Limit {a
%ND  Normality Method ND Adj. = 95%)
- o
6.26 normal Parametric Tolerance interval 1/2ND 105.949 ug/l
Well Result Significance
MWwW-3 160 yes
MWw-4 160 yes
Cobalt, total
Statistical Analysis Results - Cherckee County Subtitle D Lined Landfill Page 10of 25



Upper Limit (a

%ND  Normality Method ND Adj. = 95%) Unit
= (]
0.00 no Non-parametric tolerance interval 112ND 531 ug/l
Well Result Significance
MW-3 100 no
Mw-4 59 no
Lead, total
o . Upper Limit (a .
%ND  Normality Method ND Adj. = 95%) Unit
= o
25.00 normal Parametric Tolerance interval 1/2ND 5.01638 ug/l
Well Result Significance
MW.-3 4.54329 no
MW-4 4.06044 no
Nickel, total
. . . . Upper Limit (a .
%ND  Normality Method ND Adij. = 95%) Unit
H
m 25.00 normal Parametric Tolerance interval 1/2ND 4470 ug/l
1
: Well Result Significance
MW-3 460517 yes
MW-4 4 86753 yes
_ Selenium, total
w . . . UpperLimit {a .
%ND  Normality Method ND Adj. = 95%) Unit
— (1]
93.75 - Poisson Tolerance Limit ND 25 ug/
Well Result Significance
MW-65 8 no

Statistical Analysis Results - Cherckee County Subtitie D Lined Landfill Page 2 of 25



Vanadium

%ND  Normality Method ND Agj, UPPerLimit(a Unit
= 95%)
18.75 normal Parametric Tolerance interval 1/2ND 96.724 ug/l
Well Result Significance
MW-3 100 yes
Mw-4 100 yes
Zinc, total
) . . Upper Limit (a .
%ND  Normality Method ND Adj. = 95%) Unit
- 0
0 normal Parametric Tolerance interval 1/2ND 280.812 ug/

Well Result Significance
MW-3 450 yes
MW-4 430 yes

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

Statistical Analysis Results - Cherokee County Subtitle D Lined Landfill
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Intra-Well Analysis Summary (Metals)
Cherokee County Subtitle D Lined Landfill

Well Arsenic Chromium Nickel Vanadium Zinc

MW-3 no no no no no
MW-4 no no no no no
EXPLANATION

Bold=detected levels above Standard

n/a=Significant by interwell analysis but Intrawell analysis could not be conducted due to %ND requirement
no= detection not statistically significant by intrawell analysis

yes=detection statistically significant by intrawell analysis

Statistical Analysis Results - Cherokee County Subtitle D Lined Landfilt

Page 4 of 25



Summary of Pooled Appendix | VOCs in Background Well {(MW-1)
Cherokee County Subtitle D Lined Landfill

Constituent Samples NDs % NDs

1,1,1,2-Tetrachloroethane 16 16 100.00
1,1,1-Trichloroethane 16 16 100.00
1,1,2,2-Tetrachloroethane 16 16 100.00
1,1,2-Trichloroethane 16 16 100.00
1,1-Dichloroethane 16 16 100.00
1,1-Dichloroethene 16 16 100.00
1,2,3-Trichloropropane 16 16 100.00
1,2-Dibromo-3-chloropropane 16 16 100.00
1,2-Dichloroethane 16 16 100.00
1,2-Dichloropropane 16 16 100.00
1,4-Dichlorobenzene 16 16 100.00
2-Butanone 16 16 100.00
2-Hexanone 16 16 100.00
4-Methyl-2-Pentanone 16 16 100.00
Acetone 16 16 100.00
Acrylonitrile 16 16 100.00
Benzene 16 16 100.00
Bromeochloromethane 16 16 100.00
Bromoform 16 16 100.00
Bromomethane 16 15 93.75
Carbon disulfide 16 13 81.25
Carbon tetrachloride 16 16 100.00
Chlorobenzene 16 16 100.00
Chloroethane 16 16 100.00
Chloroform 16 16 100.00
Chloromethane 16 16 100.00
cis-1,2-Dichloroethene 16 16 100.00
cis-1,3-Dichloropropene 16 16 100.00
Chlorodibromomethane 16 16 100.00
Dibromomethane 16 16 100.00
Ethylbenzene 16 16 100.00
lodomethane 16 16 100.00
Dichloromethane 16 16 100.00
Styrene 16 16 100.00
Tetrachloroethylene 16 16 100.00
Toluene 16 16 100.00
trans-1,2-Dichloroethene 16 16 100.00
trans-1,3-Dichloropropene 16 16 100.00
trans-1,4-Dichloro-2-butene 16 16 100.00
Trichloroethylene 16 16 100.00
Trichloroflucromethane 16 16 106.00
Vinyl acetate 16 16 100.00
Vinyl chloride 16 16 100.00
Total 688 684 99.42

Statistical Analysis Results - Cherokee County Subtitle D Lined Landfill
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Poisson Prediction Interval Based upon Pooled Background Appendix | VOCs
Cherokee County Subtitle D Lined Landfill

All detected VOCs (Background Well: MW-1)

Constituent MW-6S MW-6D MW.-7

Benzene
1,2-Dichlorobenzene
1.4-Dichlorobenzene
cis-1,2-Dichloroethene
Dichloromethane
Tetrachloroethylene
Trichloroethylene
Vinyl Chloride

Xylene

KoK X X X X oM oK X

3

Detection(s) per Scan 1.00 1.00

Total number of sampling events [n] = 16
Total number of detections in background wells [y] = 4
Number of comparisons (downgradient wells) [k] = 7
One-sided value of Student's t-statistic (95% confidence) [f] = 2.736
Expected number of detections in a single future sample [y*] = 1.9133

Statistically Significant VOC detections within MW-6S at a 95% confidence level

Statistical Analysis Results - Cherokee County Subtitle D Lined Landfill Page 6 of 25



Box Piots for Select Constituents
Cherokee County Subtitle D Lined Landfill
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Box Plots for Select Constituents
Cherokee County Subtitle D Lined Landfill
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Box Plots for Select Constituents
Cherokee County Subtitle D Lined Landfill
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Box Plots for Select Constituents (VOCs)
Cherokee County Subtitle D Lined Landfill
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Box Plots for Select Constituents (VOCs)
Cherokee County Subtitle D Lined Landfill

SO

80

70

B6.0---

50

4.0

Cancentration { x 1)

30

20

18

1,4-Dichlorobenzene

Statistical Analysis Results - Cherokee County Subtitle D Lined Landfil

-3

W4
MW.5
MW.ED

Well

.7
v,

MW
MW-65

Page 11 of 25



Box Plots for Select Constituents (VOCs)
Cherokee County Subtitle D Lined Landfill
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Box Plotis for Select Constituents (VOCs)
Cherokee County Subtitle D Lined Landfill
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Box Plots for Select Constituents (VOCs)
Cherokee County Subtitle D Lined Landfill
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Time Series Plots for Select Constituents (Metals)
Cherokee County Subtitle D Lined Landfill
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Time Series Plots for Select Constituents (Metals)
Cherokee County Subtitle D Lined Landfill
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Time Series Plots for Select Constituents (VOCs)
Cherokee County Subtitie D Lined Landfill
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Time Series Plots for Select Constituents (VOCs)
Cherokee County Subtitle D Lined Landfill

Tetrachloroethylene

s Time-Series Graph of MW-7
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i Time Series Plots for All Historical Detected VOCs (M
Cherokee County Subtitle D Landfill
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Shewhart-CUSUM Charts for Selected Constituents
Cherokee County Subtitle D Lined Landfill

Arsenic, total
Intra-Well Shewhart-CUSUM intra-Well Control Chart of MW3
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Shewhart-CUSUM Charts for Selected Constituents
Cherokee County Subtitle D Lined Landfill

Chromium, total
Intra-\Well Shewhart-CUSUM intra-Weli Caontrol Chart of M¥W-3
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Shewhart-CUSUM Charts for Selected Constituents
Cherokee County Subtitle D Lined Landfill

Nickel, total
ntra-Well Shewhart-CUSUM Intra-Well Control Chart of MW-3
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Shewhart-CUSUM Charts for Selected Constituents
Cherokee County Subtitle D Lined Landfill

Vanadium

Intra-Well Shewhart-CUSUM intra-Well Control Chart of MW3
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Shewhart-CUSUM Charts for Selected Constituents
Cherokee County Subtitle D Lined Landfill

Zinc, total
Intra-Weil Shewhart-CIISUM Intra-Well Control Chart of MW -3
& _Baseline mean = 251.091; Std Dev= 324466, k=1, h=53SCL =45
5 e N h
A
|||||||I.\.\ |o.|fn| ||||||||||||||||||||||||||| SCL
4 7 Rzs ¥ -
- N . S T
= .\ s / ~3
» S
g3 7 <
5 . N
3 £ 5
M2 ¥
3 ’ \ o
a Y < -
p-d . - .
< Y N e ]
5 s -
7
-1 ~N o~ o3 o
o o (=] [ ] m
o m (=] (=] 2
g S S S
b % S S &
+ Standardized mean * CUSUM
Sample Date
Zinc, total
Intra-Well Shewhart-CUSUM Intra-Weli Control Chart of MW.4
6.0 Baseline mean = 182.455; Std Dev=168.06, k=1, h=5SCL =45
e T
G e h
o -
||||||||||||I.|||||||||||ll\l+|\lx.i.r. |||||||||||| SCL
— L. -
=
8 o
S a -
o \\ T i d-fjr
5 - ~ e ~
2 — -~ ~
g, -~ ™~ ~
2 3 S
mm » - ) - - -~ T —
¢ . ™~ - ~
I "~ -
[=] -
o 1 = -
0 ol 3 o
o o o (=] M
f=) Lol o (=] [=]
ES 5 b S 8
+ Standardized mean ¢ CUSUM
Sample Date

Statistical Analysis Resuits - Cherokee County Subtitle D Lined Landfill Page 25 of 25



Basic Statistics



Basic Statistics

Chermokee County Subfitle D Landfill

Parameter: Arsenic, total

Original Data (Not Transformed)
Non-Detects Replaced with 1/2 DL

Total Observations

Arsenic, tatal

127
Totai Non-Detects 103

Pooled Mean 7.26693

Pooted Std Dev 10.4544

Background Mean 486875

Background Std Dev 2.44723

Background Wells

There is 1 background wel

Well Samples Non-Detect®% ND Total

MW-1 16 12 75 779

Well Mean Std Dev Std Err Rank Sum Rank Mean

MW-1 4.86875 2.44723 0 1056 66

Compliance Wells

There are 7 compliance wells

Well Samples Non-Detect% ND Total

MW-3 16 10 625 161.5

MW-4 16 6 375 3585

MW-5 16 14 875 89.4

MW-6D 16 16 100 57.5

MW-ES 16 16 100 57.5

MW-2 16 16 100 57.5

MW.7 15 13 B6.6667 631

Well Mean Std Dev Dif From BkStd Err Rank Sum Rank Mean
MW-3 10.0938 10.7892 5225 3.08335 1219 76.1875
MW-4 22.4063 20.5404 178375 3.08335 1516 9475
MW-5 5.5875 7.20758 0.71875 3.08335 955 59.6875
MW-6D 350375 1.28087 -1.275 3.08335 832 52
MW-6S 3.59375 1.28087 1.275 3.08335 832 52
Mw-2 359375 1.28087 1275 3.08335 832 52
MW.-7 4 20667 1.53784 -0.662083 3.13432 886 59.0667

Analysis of Variance Statistics

§5 Wells
§S Total

472029
13771

Kruskal-Wallis Statistics

Non-Detect Rank
Background Rank Sum
Background Rank Mean
H Statistic

H Adjusted for Ties

Original Data (Not Transformed)

52

1056
66
18.9612
39.7831

Page 1

Non-Detects Replaced with 1/2 DL



Cherokee County Subtitie D Landfill Barium, total
Basic Statistics
Parameter: Barium, total
Original Data (Mot Transformed)
Non-Detects Replaced with 1/2 DL
Total Observations
127
Total Non-Detects 2
Pooled Mean 491683
Pooled Std Dev 844808
Background Mean 416188
Background Std Dev 808.212
Background Wells
There is 1 background well
Well Samples Non-Detect®% ND Total
MwW-1 16 2 125 6659
Well Mean StdDev  Std Err Rank Sum Rank Mean
MW-1 416.188 808.212 0 1116 69.75
Compliance Wells
There are 7 compliance wells
Well Samples Non-Detect% ND Total
MW-3 16 0 o 25107
MW-4 16 0 0 23540
MW-5 16 4 25 1123.3
MW-6D 16 10 625 3322
MW-ES 16 3 18.75 1705
MW-2 16 2 125 2248
MW7 15 1 6.66667 1729.3
Well Mean Std Dev Dif From BkStd Err Rank Sum Rank Mean
MW-3 1569.19 123654 1163 212636 1658 103.625
MW-4 147125 797487 1055.06 212636 1753 109.563
MWS 70.2063 90.5288 -345.981 212.636 641 40.0625
MW-6D 20.7625 21.3751 -395.425 212636 284 17.75
MW-6S 106.563 65.334 -309.625 212636 8905 55,6563
MwW-2 1405 150554 -275.688 212836 951 59.4375
MW-7 115287 130.036 -300.901 216.151 8345 55.6333
Analysis of Variance Statistics
858 Wells 4.68823e+007
§S Total 8.99262e+007
Kruskal-Wallis Statistics
Non-Detect Rank 115
Background Rank Sum 1116
Background Rank Mean 65.75
H Statistic 77.33
H Adjusted for Ties 77.7332
Original Data {Not Transformed) FPage 2 Non-Detects Replaced with 1/2 DL



Basic Statistics

Cherokee County Subtitle D Landfill

Parameter: Beryllium, total

Original Data (Not Transformed)
Non-Detecis Replaced with 1/2 DL

Total Cbservations

Berylliurn, total

127
Total Non-Detects 65

Pocled Mean 3.78976

Pooled Std Dev 6.48735

Background Mean 345

Background Std Dev 3.69594

Background Wells

There is 1 background well

Well Samples Non-Detect® ND Total

MW-1 16 5 31.25 55.2

Well Mean Std Dev Std Err Rank Sum Rank Mean

MW-1 345 3.69594 ) 1172 7325

Compliance Welis

There are 7 compliance wells

Well Samples Non-Detect% ND Total

MW-3 16 0 0 1738

MwW-4 16 1 625 147.3

MW-5 16 13 81.25 209

MW-6D 16 15 93.75 14.1

MW.-6S 16 11 68.75 177

MW-2 16 10 625 a2

MW-7 15 10 66.6667 203

Well Mean Std Dev  Dif From BkStd Err Rank Sum Rank Mean
MW-3 10.8625 12.8699 74125 1.92878 1650 103125
MW-4 9.20625 6.65226 5.75625 192878 1676 10475
MW-S5 1.30625 1.29227 -2.14375 192878 714 44625
MW-6D 0.88125 0521816 -2.56875 1.92878 582 36.375
MW-6S 1.10825 0.537238 -2.34375 1.92878 728 455
MW-2 2 3.03161 -1.45 1.92878 851 53.1875
MW-7 1.36333 1.10445 -2.09667 1.96066 755 50.3333
Analysis of Variance Statistics

$S Wells 1761.19

SS Total 5302.8

Kruskal-Wallis Statistics

Non-Detect Rank 33

Background Rank Sum 1172

Background Rank Mean 73.25

H Statistic 59.642

H Adjusted for Ties 68.8743
Original Data (Not Transformed) Page 3 Non-Detects Replaced with 1/2 DL



Basic Statistics

Cherokee County Subtitle D tandfil

Parameter: Chromium, total

Criginal Data (Not Transformed)

Non-Detects Replaced with 1/2 DL

Total Observations

Chromium, total

127
Total Non-Detects 41

Pooled Mean 40.3465

Pooled Std Dev 87.4327

Background Mean 43.9688

Background Std Dev 34.2999

Background Wells

There is 1 background well

Well Samples Non-Detect®% ND Total

MW-1 16 1 6.25 7035

Well Mean Std Dev Std Err Rank Sum Rank Mean

Mw-1 43.9688 34,2999 0 1441 90.0625
Compliance Wells

There are 7 compliance wells

Well Samples Non-Detect% ND Total

MW-3 16 0 0 2012.7

MW-4 16 0 0 1588

MW-5 16 g 56.25 177.4

MW-6D 16 1 68.75 68.1

MW-65 16 12 75 36

MW-2 16 2 125 3935

MW-7 15 6 40 1448

Well Mean Std Dev Dif From BkStd Err Rank Sum Rank Mean
MW-3 125.794 186.801 81.825 27.4015 1476 92.25
MW-4 99.25 94.3395 55,2813 27 4015 1537 95.0625
MW-5 11.0875 24.1763 -32.8813 27.4015 712 445
MW-6D 425625 4.80041 -39.7125 27.4015 573 35.8125
MW-6S 225 1.04881 417188 27.4015 460 2875
MW-2 245938 43.3006 -19.375 27 4015 1186 74125
MW-7 9.65333 14,5929 -34.3154 27.8544 743 49,5333

Analysis of Variance Statistics

55 Wells
88 Total

248404
963205

Kruskal-Wallis Statistics

Non-Detect Rank
Background Rank Sum
Background Rank Mean
H Statistic

H Adjusted for Ties

Original Daa (Not Transformed)

21

1441
90.0625
61.6599
63.816

Page 4

Non-Detects Replaced with 1/2 DL



Basic Statistics

Cherokee County Subtitle D Landfill

Parameter: Cobalt, total

Original Data {Not Transformed)
Non-Detects Replaced with 1/2 DL

Total Observations

Cobalt, total

127
Total Non-Detects 26
Pooled Mean 46.5016
Pooled Std Dev 77.3703
Background Mean 99.1875
Background Std Dev 147.013
Background Wells
There is 1 background well
Well Samples Non-Detect% ND Total
MW-1 16 0 0 1587
Well Mean Std Dev Std Err Rank Sum Rank Mean
MW-1 891875 147.013 0 1428 89.25
Compliance Wells
There are 7 compliance wells
Well Samples Non-Detect% ND Total
MW-3 16 1 625 18715
MW-4 16 0 0 1192
MW-5 16 5 31.25 2388
MW-6D 16 13 8125 458
MW-ES 16 0 0 2938
Mw-2 16 2 125 484
MW7 15 5 33.3333 192.8
Well Mean Std Dev  Dif From BkStd Err Rank Sum Rank Mean
MW-3 116.969 103.606 17.7813 23.7624 1629.5 101.844
MwW-4 745 34,3857 -24.6875 23.7624 1585 99.0625
MW-5 14925 26.3786 -84.2625 23.7624 6415 40,0938
MW-6D 2.8625 2.24258 -96.325 23.7624 2885 18.0313
MW.-6S 18.3625 11815 -80.825 237624 833 583125
MwW.-2 3025 37111 -68.9375 23.7624 966 60.375
MW.7 12.8533 972779 -86.3342 24,1552 656.5 43.7667
Analysis of Variance Statistics
S5 Wells 216706
S8 Total 754257
Kruskal-Wallis Statistics
Non-Detect Rank 135
Background Rank Sum 1428
Background Rank Mean 89.25
H Statistic 75.7443
H Adjusted for Ties 76.3989
Oniginal Data (Not Transformed) Page 5 Non-Detects Replaced with 1/2 DL



Basic Statistics

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

Cherokee County Subfitle D Landfill

Total Observations

Lead, tota!

127
Total Non-Detects 57

Pooled Mean 21.6236

Pooled Std Dev 33.2628

Background Mean 32.375

Background Std Dev 38.2564

Background Wells

There is 1 background well

Well Samples Non-Detect?s ND Total

MW-1 16 4 25 518

Weli Mean Std Dev Std Err Rank Sum Rank Mean
MW-1 32375 38.2564 0 1310 81.875

Compliance Wells
There are 7 compliance wells

Well Samples

MW-3 16
MW-4 16
MW-5 16
MW-8D 16
MW-6S 16
MW-2 16
MW-7 15
Well Mean
MW-3 64.875
MW-4 28.3125
MW-5 10.4375
MW-6D 7.46875
MW-ES 6.84375
MW-2 12575
MW-7 9.33333

Non-Detect® ND

2 125 1038
2 125 453
10 625 167
12 75 195
1 88.75 1005
7 43.75 201.2
8 60 140
Std Dev Dif From BkStd Emr
£2.9909 325 9.9702
215522 -4.0625 9.9702
11.7404 -21.9375 9.9702
7.50215 -24.9063 99702
518124 255313 9.9702
12.2797 198 9.9702
5.64849 -23.0417 10.135

Total

Rank Sum Rank Mean

1589 99.9375
1400 875
730 49.375
666 41625
673 42.0625
937 58.5625
753 50.2

Analysis of Variance Statistics

S5 Wells
SS Total

44775
139408

Kruskal-Wallis Statistics

Mon-Detect Rank
Background Rank Sum
Background Rank Mean
H Statistic

H Adjusted for Ties

Original Data (Not Transformed)

29

1310
81.875
421318
46.3184

Page &
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Basic Statistics

Parameter: Nickel, total
Originat Data (Not Transformed}

Cherokee County Subtitle O Landfill

Nickel, tota)

Non-Detects Replaced with 1/2 DL
Total Observations

127

Total Non-Detects 56

Pooled Mean 42674

Pooled Std Dev 65.6981

Background Mean 41,1875

Background Std Dev 19.3639

Background Wells

There is 1 background well

Well Samples Non-Detect®% ND Total

MW-1 16 4 25 659

Well Mean Std Dev Std Emr Rank Sum Rank Mean

MW-1 41.1875 19.3639 0 1305 81.5625

Compliance Wells

There are 7 compliance wells

Well Samples Non-Detect% ND Total

MW-3 16 5 31.25 1595.8

MW-4 16 5 31.25 1655

MW-5 16 6 375 4302

MW-6D 16 14 875 1735

MW-8S 16 6 375 251.2

MwW-2 16 5 31.26 439.4

MW-7 15 1 73.3333 2155

Well Mean Std Dev Dif From BkStd Err Rank Sum Rank Mean

MW-3 99.7375 128.401 58.55 20.1119 13005 81.2813

MW-4 103.438 828452 6225 201118 14105 88.1563

MW-5 26.8875 29.3739 -14.3 201119 989 61.8125

MW-6D 10.8438 10.8501 -30.3438 201119 538 33625

MW-6S 15.7 8.24944 -25.4875 20.1119 869 54.3125

MW-2 27 4625 27.3565 -13.725 201119 10635 66.4688

MW.-7 14.3667 12.6596 -26.8208 20.4444 652.5 435

Analysis of Variance Statistics

5§ Welis
SS Total

168772
543846

Kruskal-Wallis Statistics

Non-Detect Rank
Background Rank Sum
Background Rank Mean
H Statistic

H Adjusted for Ties

Original Data (Not Transformed)

285
1305
81.5625
30.8499
33742

Page 7

MNen-Detects Replaced with 1/2 DL



Basic Statistics

Parameter: Selenium, total
Original Data {Not Transformed)

Non-Detects Replaced with 1/2 DL

Cherokee County Subtitle O Landfill Selenium, total

Total Observations

127

Total Non-Detects 119

Pooled Mean 9.25197

Pooled Std Dev 11.9085

Background Mean 9.96875

Background Std Dev 143707

Background Wells

There is 1 background well

Well Samples Non-Detect:% ND Total

MW-1 16 15 9375 1585

Well Mean Std Dev Std Err Rank Sum Rank Mean

MW-1 9.96875 14.3707 0 1025 64.0625
Compliance Wells

There are 7 compliance wells

Well Samples Non-Detect® ND Total

MW-3 16 15 93.75 169.5

MW-4 16 15 83.75 1625

MW-5 18 15 93.75 1365

MW-6D 16 15 9375 1355

MW-6S 16 14 875 157

MW-2 16 15 9375 1495

MW-7 15 15 100 105

Well Mean Std Dev Dif From BkStd Err Rank Sum Rank Mean
MW-3 10.5938 16.797 0.625 43142 1027 64.1875
MW-4 10.1563 15.006 0.1875 43142 1026 64.125
MW-5 853125 8.94515 -1.4375 43142 1022 63.875
MW-5D 8.46875 8.71869 -15 43142 1021 63.8125
MW-6S 9.8125 12.3205 0.15625 43142 1084 67.75
MW-2 9.34375 11.9746 0625 43142 1023 63.9375
MW-7 7 3.80319 -2.96875 438552 900 60

Analysis of Variance Statistics

S5 Wells
S5 Total

149.468
17868 .4

Kruskal-Wallis Statistics

Non-Detect Rank
Background Rank
Background Rank
H Statistic

Sum
Mean

H Adjusted for Ties

Original Data {Not Transformed)

60

1026
64.0625
0.34455
1.94299

Page 8
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Cherokee County Subfitle D Landfill Vanadium

Basic Statistics

Parameter: Vanadium

Original Data (Not Transformed)

Non-Detects Replaced with 1/2 DL

Total Observations

127

Tatal Non-Detects 66

Pocled Mean 31.1898

Pooled Std Dev 60,9069

Background Mean 39.4063

Background Std Dev 31.7197

Background Welis

There is 1 background well

Well Samples Non-Detect®® ND Total

MwW-1 16 3 18.75 630.5

Well Mean Std Dev Std Ermr Rank Sum Rank Mean

MW-1 39.4063 31.71M197 0 13985 87.4063
Compliance Wells

There are 7 compliance wells

Well Samples Non-Detect®% ND Total

MW-3 16 5 N2D 1394

MwW-4 16 4 25 10555

MW.-5 16 9 56.25 2697

MW-6D 16 13 81.25 85

MW-63 16 16 100 475

MW-2 16 5 31.25 2973

MW-7 15 11 733333 1816

Well Mean Std Dev Dif From BkStd Err Rank Sum Rank Mean
MwW-3 87.125 13013 477188 19.5047 13235 82.7188
MVW-4 65.9688 60.4366 26.5625 19.5047 1422 88.875
MW.5 16.8562 344929 -22.55 19.5047 9105 56.9063
MW-ED 53125 57529 -34.0938 19.5047 6795 42 4688
MW-ES 2.96875 1.875 -36.4375 19.5047 536 3358
Mw-2 18.5813 31.3277 -20825 19.5047 10985 68.6563
MW-7 12.1067 19,2086 -27.2996 19.8271 7595 50.6333
Analysis of Variance Statistics

85 Wells 105244

SS Total 467416

Kruskal-Wallis Statistics

Non-Detect Rank 335

Background Rank Sum 13885

Background Rank Mean 87.4063

H Statistic 37.2089

H Adjusted for Ties 43.2828
Original Data {Not Transformed) Page 9 Non-Detects Replaced with 1/2 DL



Basic Statistics

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

Cherokee County Subtitte D Landfill

Total Observations

Zine, total

127
Total Non-Detects 15

Pooled Mean 134323

Pooled Std Dev 244756

Background Mean 13375

Background Std Dev 81.3843

Background Wells

There is 1 background welk

Well Samples Non-Detect® ND Total

MW-1 16 0 0 2140

Well Mean StdDev StdEmr Rank Sum Rank Mean
MW-1 133.75 81.3843 0 1407 879375

Compliance Wells
There are 7 compliance wells

Well Samples

MW-3 16
MW-4 16
MW-5 16
MW-6D 16
MW-6S 16
MW-2 16
MW7 15
Well Mean
MW-3 389
MW-4 289.188
MW-5 954375
MW-6D 12.3125
MW-6S 36.375
MW-2 625
MW-7 50.8

Non-Detect% ND

0 0 6224
0 0 4627

2 125 1527

8 50 197

1 6.25 582

2 125 1000

2 13.3333 762

Std Dev  Dif From BkStd Err
525.88 255.25 76.1713
230.934 155.438 761713
151.585 -38.3125 764713
11.9483 -121.438 76.1713
18.6114 -97.375 76.1713
79.1665 7125 76.1713
46.2867 8295 77.4304

Total

Rank Sum Rank Mean

1514 94.625
1585 99.0625
087 61.6875
278 17.375
715 44 6875
872 54.5
770 51.3333

Analysis of Variance Statistics

55 Wells
S8 Total

2.02456e+006
7.54812e+006

Kruskal-Wallis Statistics

Non-Detect Rank
Background Rank Sum
Background Rank Mean
H Statistic

H Adjusted for Ties

QOriginal Data (Not Transformed)

8

1407
87.9375
653522
654596

Page 10
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Interwell Analyses for Metals



e il

Cherokee County Subtitle O Landfill Arsenic, total

Non-Parametric Tolerance Interval

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

Total Percent Non-Detects = 58.3333%
Background Samples (n) = 16

Maximum Bacikground Concentration = 11
Minimum Coverage = 82.9%

Average Coverage = 94.1176%

Well Sample Result Impacted
MW-3 12/15/1997 ND<2.5 FALSE
MW-3 1426/1998 ND<25 FALSE
MW-3 3116/1998 ND<2.5 FALSE
MW-3 4/20/1998 ND<2.5 FALSE
MW-3 102011998 ND<2.5 FALSE
MW-3 5/19/1599 ND<5 FALSE
MW-3 1011511989 ND<5 FALSE
MW-3 4/18/2000 ND<5 FALSE
MW-3 1072412000 19 TRUE
MW-3 412612001 13 TRUE
MW-3 10152001 ND<5 FALSE
MW-3 211812002 ND<5 FALSE
MW-3 8/20/2002 43 TRUE
MW-3 21192003 12 TRUE
MW-3 87262003 21 TRUE
MW-3 212472004 16 TRUE
MW-4 12151997 ND<25 FALSE
MwW-4 1261998 ND<2.5 FALSE
MW-4 3161998 ND<25 FALSE
Mw-4 4{2011998 ND<2.5 FALSE
MW-4 1042011998 ND<2.5 FALSE
Mw-4 5/19/1999 12 TRUE
MW-4 10/191999 14 TRUE
MW-4 411812000 ND<5 FALSE
MW-4 1042412000 40 TRUE
MW-4 412612001 38 TRUE
MW-4 10/15/2001 56 TRUE
MW-4 21812002 42 TRUE
Mw-4 8/20/2002 62 TRUE
Mw-4 2192003 16 TRUE
MW-4 8/26/2003 36 TRUE
25

Mw-4 212412004 TRUE

Qriginal Data {Not Transformed) Page 1 Non-Detects Replaced with 1/2 DL



Cherokee County Subtitle D Landfill

Shapiro-Wilks Test of Normality
Parameter: Barium, total
Background Wells

Normality Test of Parameter Concentrations
Original Data (Not Transformed)

Non-Detects Replaced with 1/2 DL

K =8: Samples =16

i x(i) x(n-i+1) x{n-1+1)-x{ija{n-i+1)
1 49 3000 2951 05056
2 50 1800 1750 0.329
3 50 310 260 0.2521
4 64 240 176 0.1939
5 86 210 124 0.1447
6 100 190 90 0.1005
7 110 160 50 0.0593
8 110 130 20 0.0196
9 130 110 -20

10 160 110 50

11 190 100 -90

12 210 86 124

13 240 64 176

14 310 50 -260

15 1800 50 -1750

16 3000 49 -2951

Sum of b values = 2187.79

Sample Standard Deviation = 808.212

W Statistic = 0.492983

5% Critical value of 0.887 exceeds 0.492083
Evidence of non-normality at 95% level of significance
1% Critical value of 0.844 exceeds 0.492983
Evidence of non-nomality at 9% level of significance

Original Data (Not Transformed) Page 2

Barium, toial

b(i)
149203
575.75
65545
34.1264
17.9428
9.045
2965
0392

Nan-Detects Replaced with 1/2 DL



Cherokee County Subtitle D Landfilf

Non-Parametric Tolerance Interval
Parameter: Barium, total

Original Data (Not Transformed)
Non-Detects Replaced with 1/2 DL

Total Percent Non-Detects = 7.81256%
Background Samples (n) = 16
Maximum Background Concentration = 3000
Minimum Coverage = 82.9%

Average Coverage = 94.1176%

Barium, total

Well
MW-3
MW-3
MW-3
MW-3
MW-3
MW-3
MW-3
MW-3
MW-3
MW.-3
MW-3
MW-3
MW-3
MW-3
MW-3

MwW-3

Mw-4
Mv-4
Mw-4
MW-4
MwW-4
Mwv-4
MwW-4
Mw-4
Mw-4
Mw-4
MW-4
MW-4
MW-4
MW-4
MW-4
MW-4

MW-6S
MW-ES
MW-85
MW-6S
MW-65
MW-65
MW-65
MW-6S
MW-65
MW-6S
MW-65
MW-65
MW-6S
MW-65

Sample
121151897
12611998
371611958
41201998
101201998
5/18/1999
1011911999
411872000
10/24/2000
41262001
1011512001
21872002
8/20/2002
21512003
8126/2003

2242004

121151997
1/26/1998
3M16/1998
4/20/1998
10/20/1998
5/19/1999
10/15/1999
411812000
10/24/2000
412672001
101572001
211812002
812012002
21972003
872672003

212472004

12151997
1/26/1998
3/16/1998
4/20/1998
1041911998
5151999
10/181999
4/18/2000
10/23/2000
412612001
10/15/2001
21812002
82072002
2/19/2003

Original Data (Not Transformed)

1000

1500

Result

2800
1400

140
210

1600
1400

37

1600
1300

3200
2400

1100
1400
210

1100
1600
1600
1100
1800
1700

100
ND<50
100
ND<50
ND<50

170
130
200

Impacted
FALSE
TRUE
FALSE
FALSE
FALSE
FALSE
FALSE
FALSE
FALSE
FALSE
FALSE
FALSE
TRUE
FALSE
FALSE

FALSE

TRUE

FALSE
FALSE
FALSE
FALSE
FALSE
FALSE
FALSE
FALSE
FALSE
FALSE
FALSE
FALSE
FALSE
FALSE

FALSE

FALSE
FALSE
FALSE
FALSE
FALSE
FALSE
FALSE
FALSE
FALSE
FALSE
FALSE
FALSE
FALSE
FALSE

Page 3
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MW.-6S 87262003

MW-ES 2/24/2004

Original Data (Not Transformed)

190

240

Cherokee County Subtitle D Landfill
FALSE

FALSE

Page 4

Barium, total

Non-Detects Replaced with 172 DL



Cherokee County Subtitie D Landfill Beryllium, total

Shapiro-Wilks Test of Normality
Parameter: Beryllium, total
Background Wells

Normality Test of Parameter Concentrations
Natural Logarithm Transformation

Naon-Detects Replaced with 1/2 DL

K =8; Samples = 16

_ x(i) x(n-i+1)  x(n-1+1)-x(ila(n-i+1)  b(i)

1 -0.693147 2.48491 317805 0.5056 1.60682

2 0.693147 2.48491 3.17805 0.329 1.04558

3 0693147 1.75786 2.45101 0.2521 0.617898
4 0 1.6864 1.6864 01939 0.326993
5 0 1.22378 1.22378 0.1447 017708

6 0.405465 1.06471 0.659245 0.1005 0.0662542
7 0.530628 1.02962 0.498991 0.0593 0.0265902
8 0.693147 0.788457 0.0953102 0.0196 0.00186808
9 0.788457 0.683147 0.0953102

10 1.02962 0.530628 -0.498991

11 1.06471 0.405465 0659245

12 1.22378 o] -1.22378

13 1.6864 0 -1.6864

14 1.75786 -0.693147 -2.45101

15 2.48491 -0.693147 -3.17805

16 2.48491 -0.693147 -3.17805

Sum of b vaiues = 3.87209

Sample Standard Deviation = 1.02821

W Statistic = 0.945435

5% Critical value of 0.887 is less than 0.945435

Data is normally distributed at 95% leve! of significance
1% Critical vaiue of 0.844 is less than 0.945435

Data is normally distributed at 89% leve! of significance

Natural Logarithm Transformation Page 5 Non-Detects Replaced with 4/2 DL
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Cherokee County Subtitie D Landfill Beryllium, total

Parametric Tolerance Interval Analysis

Parameter: Beryllium, total
Natural Logarithm Transformation
Non-Detects Replaced with 1/2 DL

Background mean = 0.754402

Background standard deviation = 1.02821

One-sided normal tolerance factor at 95% confidence = 1.807
Tolerance factor calculation follows USEPA 1992 Guidance
Upper tolerance limit = 2.61239

Well Date Result Impacted

MW-3 12151997 0.693147 FALSE
1/26/1998 1.79176 FALSE
311611998 1.60944 FALSE
41201998 1.38629 FALSE
1072011998 1.76176 FALSE
5/19/1999 0.788457 FALSE
10/19/1999 1.08471 FALSE
411812000 0.955511 FALSE
10/24/2000 3.29584 TRUE
412672001 3.04452 TRUE
10/15/2001 2.30259 FALSE
211812002 0.741937 FALSE
8/20/2002 393183 TRUE
2/19/2003 207944 FALSE
8/26/2003 263906 TRUE
272412004 2.30259 FALSE

MW-4 1211511997 1.38629 FALSE
1/26/1998 1.09861 FALSE
31611998 1.38629 FALSE
42011598 1.09861 FALSE
1072011998 ND<.0.693147 FALSE
5/19/1999 3.21888 TRUE
1019/1999 1.06471 FALSE
411812000 1.36098 FALSE
10/24/2000 2.48491 FALSE
41262001 2.48491 FALSE
10/15/2001 256495 FALSE
2/18/2002 2.48491 FALSE
812012002 288037 TRUE
21912003 2.30259 FALSE
872672003 2.63906 TRUE

212412004 230259 FALSE

Natural Logarithm Transformation Page 6 Non-Detects Replaced with 1/2 DL



Cherokee County Subtitle [ Landfilt

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 =8; Samples =16

i x(i}) x(n-i+1)
1 05 120
2 2 92
3 10 90
4 15 59
5 19 57
6 22 53
7 34 51
8 36 43
g 43 36
10 51 34
11 53 22
12 57 19
13 59 15
14 90 10
15 92 2

16 120 0.5

Sum of b values = 128.488

Sample Standard Deviation = 34.2999

W Statistic = 0.935513

5% Critical value of 0.887 is less than 0.935513

Data is normally distributed at 95% level of significance
1% Critical value of 0.844 is less than 0.935513

Data is normally distributed at 99% level of significance

Original Data {Not Transformed)

x(n-1+1)-x(ija{n-i+1)

1195
90
80
44
38
A
17
7
-7
-17
31

Page 7

0.5056
0.329

0.2521
0.1939
0.1447
0.1005
0.0593
0.0196

b(i)
60.4192
2961
20.168
8.5316
5.4986
3.1155
1.0081
01372

Chromium, total

Non-Detects Replaced with 1/2 DL



Cherokee County Subtitle D Landfill

Parametric Tolerance Interval Analysis

Parameter: Chromium, total
Criginal Data (Not Transformed)
Non-Detects Replaced with 1/2 DL

Background mean = 43 9688

Background standard deviation = 34.2969

One-sided normal tolerance factor at 95% confidence = 1.807
Tolerance factor calculation follows USEPA 1992 Guidance
Upper tolerance limit = 105.949

Chramium, total

Well Date Result Impacted

MW-3 12/15/1997 7 FALSE
112611998 5 FALSE
31611998 5 FALSE
4720/1998 3 FALSE
10/2011998 3 FALSE
5/19/1999 23 FALSE
10/19/1999 41 FALSE
41812000 27 FALSE
10/24/2000 330 TRUE
412672001 270 TRUE
1015/2001 120 TRUE
211812002 6.7 FALSE
812012002 690 TRUE
21912003 52 FALSE
82612003 270 TRUE
212412004 160 TRUE

MW-4 121151997 5 FALSE
1/26/1998 4 FALSE
31611998 9 FALSE
4201998 3 FALSE
1072011998 2 FALSE
5M19/1999 32 FALSE
10/19/1999 54 FALSE
4/18/2000 47 FALSE
1072472000 170 TRUE
412612001 140 TRUE
10A5/200% 180 TRUE
2/18/2002 160 TRUE
8/20/2002 280 TRUE
2/19/2003 82 FALSE
8/26/2003 260 TRUE

2/24/2004 160 TRUE

Qriginal Data (Not Transformed) Page §

Non-Detects Replaced with 172 DL



Shapiro-Wilks Test of Normality
Parameter: Cobalt, total

Background Wells

Normality Test of Parameter Concentrations
Original Data (Not Transformed)
Non-Detects Replaced with 1/2 DL

K =8; Samples = 16

i x(i)
1 18
2 20
3 22
4 23
5 27
6 29
7 35
8 47
= 52
10 53
11 58
12 76
13 79
14 120
15 397

16 531

Sum of b values = 430.14

x{n-i+1)
531
397
120
79
76
58
53
52
47
35
29
27
23
22
20

18

Sample Standard Deviation = 147.013

W Statistic = 0.570709

5% Critical value of 0.887 exceeds 0.570709

Evidence of non-normality at 95% level of significance

1% Critical value of 0.844 exceeds 0.570709

Evidence of non-normaiity at 99% level of significance

Original Data {Not Transfarmed)

Cherokee County Subtitie D L andfill

x{n-1+1)-x(ija(n-i+1)
513 0.5056
377 0329
98 0.2521
56 0.1938
49 0.1447
28 0.1005
18 0.0593
5 0.0196
-5
-18
-29
-49
56
-g8
377
-513

Page 9

Cobalt, tatal

by(i)
259373
124033
247058
10.8584
7.0903
29145
10674
0.098

Non-Detects Replaced with 12 DL



————

Cherakee County Subtitle D Landfill

Non-Parametric Tolerance Interval

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

Total Percent Non-Detects = 2.08333%
Background Samples (n) = 16

Maximum Background Concentration = 531
Minimum Coverage = 82.9%

Average Coverage = 94.1176%

Cobatt, total

Well Sample Result
MW-3 12151997 1486
MW-3 1/26/1958 a3
MW-3 3161998 141
MW-3 4/20/1598 90
MW-3 10/20/1998 86
MW-3 5/19/1999 26
MW-3 10/19/1999 36
MW-3 4/18/2000 26
MW-3 1072412000 190
MW-3 42612001 170
MWN-3 10/15/2001 75
MW-3 2/18/2002 ND<25
MW.-3 872072002 450
MW-3 2/19/2003 120
MW-3 8/26/2003 120
MW-3 212472004 100
Mw-4 121151987 a2
MW-4 1/26/1998 55
Mw-4 3161998 143
Mw-4 4/20/1998 64
MW-4 1072041898 50
MW-4 5/19/1999 26
MW-4 10181999 35
MW-4 4/18/2000 7]
MW-4 10/24/2000 78
MW-4 412612001 90
MW-4 10/15/2001 110
MwW.-4 2/18/2002 79
Mw-4 8/20/2002 130
MW-4 2/19/2003 86
MW-4 812612003 73
59

Mw-4 212472004

Qriginal Data (Mot Transformed)

Impacted
FALSE
FALSE
FALSE
FALSE
FALSE
FALSE
FALSE
FALSE
FALSE
FALSE
FALSE
FALSE
FALSE
FALSE
FALSE

FALSE

FALSE
FALSE
FALSE
FALSE
FALSE
FALSE
FALSE
FALSE
FALSE
FALSE
FALSE
FALSE
FALSE
FALSE
FALSE

FALSE

Page 10

Non-Detects Replaced with 1/2 O



Cherokee County Subtitie D Landfill

Shapiro-Wilks Test of Normality
Parameter: Lead, total

Background Wells

Normality Test of Parameter Concentrations

Natural Logarithm Transformation
Non-Detects Replaced with 1/2 DL
K = B; Samples = 16

i x(i) x(n-i+1)  x(n-1+1)-x(ila(n-i+1)
1 0.916291 4.99043 407414 0.5056
s 0.916291 4.60517 3.68888 0.328
3 1.60944 3.61092 2.00148 0.2521
4 1.680944 3.46574 1.8563 0.1933
5 2.63906 3.46574 0.826679 0.1447
6 277259 3.43399 0.661398 01005
7 3.04452 3.2581 0.213574 0.0593
8 3.13549 3.17805 0.0425596 00196
9 3.17805 3.13549 -0.0425596

10 3.2581 3.04452 0.213574

11 3.43399 277258 -0.661398

12 3.46574 2.63906 -(1.826679

13 3.46574 1.60944 -1.8563

14 3.61092 1.60544 -2.00148

15 4.60517 0.916291 -3.68888

16 499043 0.916291 -4.07414

Sum of b values = 4.33763

Sample Standard Deviation = 1.16252

W Statistic = 0.928139

5% Critical value of 0.887 is less than 0.928139

Data is normally distributed at 95% level of significance
1% Critical value of 0.844 is less than 0.928139

Data is normally distributed at 99% level of significance

Natural Logarithm Transformation Page 11

Lead, tota)

bi)
205989
121364
0504573
0.359936
0.11962
0.0664705
0.0126649
0.000834168

Non-Detects Replaced with /2 DL



Parameter: Lead, total
Natural Logarithm Transformation
Non-Detects Replaced with 1/2 DL

Background mean = 2.9157

Cherokee County Subtitle D Landfill

Parametric Tolerance interval Analysis

Background standard deviation = 1.16252
One-sided normal tolerance factor at 35% confidence = 1.807
Tolerance factor calculation follows USEPA 1992 Guidance

Upper tolerance limit = 5.01638

Lead, tota)

Well Date

MW-3 121151997
12611998
3/16/1998
412011958
10/20/11998
5191989
101191999
4/18/2000
10/24/2000
4/26/2001
10/ 5/2001
211812002
812012002
2/1972003
8/26/2003
2/24/2004

Mwv-4 121151897
112611958
3MB6M998
412011998
1072011998
5/19/1999
10/19/1992
4/18/2000
104242000
412612001
10/15/2001
2/18/2002
82072002
21972003
812672003
21242004

Natural Logarithm Transformation

3.13549

4.06044

Result
3.71357
3.7612
3.78419
3.46574
299573
ND<1.60944
2.70805
263906
4.86753
458497
3.93183
ND<1.50944
5.48064
4.18965
4.94164

4 54329

3.29584
34012
2.83321
2.3979
ND<1.60944
ND<1.60944
2.30259
3.4012
294444
3.562636
3.3673
3.45651
3.4012
452179

Impacted
FALSE
FALSE
FALSE
FALSE
FALSE
FALSE
FALSE
FALSE
FALSE
FALSE
FALSE
FALSE
TRUE
FALSE
FALSE
FALSE

FALSE

FALSE
FALSE
FALSE
FALSE
FALSE
FALSE
FALSE
FALSE
FALSE
FALSE
FALSE
FALSE
FALSE
FALSE

FALSE

Page 12
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Cherokee County Subtitie D Landfill

Shapiro-Wilks Test of Normality
Parameter: Nickel, total
Background Wells

Normality Test of Parameter Concentrations
Natural Logarithm Transformation

Non-Detects Replaced with 1/2 DL

K =8; Samples = 16

i x(i) x(n-i+1) x(n-1+1)-x(ija(n-i+1)
1 277259 4.34381 157122 0.5056
2 3.21888 4.2485 1.02962 0.329
3 3.21888 417439 0.955511 0.2521
4 3.21888 4.09434 0.875469 0.1839
5 3.21888 4.06044 0.841567 0.1447
8 321888 3.85015 0.631272 0.1005
7 3.4012 3.88015 0.44895 0.0583
8 3.43399 3.49651 0.0625204 0.01%
9 3.49651 3.43399 -0.0625204

10 3.85015 3.4012 -0.44895

11 3.85015 3.21888 -0.631272

12 4.06044 3.21888 -0.841567

13 409434 3.21888 -0.875469

14 4.17439 3.21888 0.955511

15 4.2485 3.21888 -1.02962

16 4.34381 277259 -1.57122

Sum of b values = 1.75686

Sample Standard Deviation = 0.474053

W Statistic = 0.915646

5% Critical value of 0.B87 is less than 0.915846

Data is normally distributed at 95% level of significance
1% Critical value of 0.844 is less than 0.915646

Data is normally distributed at 99% level of significance

Natural Logarithm Transformation Page 13

Nickel, tatal

b(i)
0.794407
0.338745
0.240884
0.169753
0.121775
0.0634428
0.0266227
0.0012254

Non-Detects Replaced with 1/2 DL



Cherokee County Subtitle D Landfill

Parametric Tolerance Interval Analysis

Parameter: Nickel, total
Natural Logarithm Transformation
Non-Detects Replaced with 1/2 DL

Background mean = 3.61378

Background standard deviation = 0.474053

One-sided normal tolerance factor at 95% confidence = 1.807
Tolerance factor calculation follows USEPA 1992 Guidance
Upper tolerance limit = 4.47039

Nickel, total

Well Date Result Impacted

MW-3 1211511997 ND<321888  FALSE
1/26/1998 ND<3.21888 FALSE
316/1998 ND<3.21888  FALSE
412011998 ND<3.21888  FALSE
10/20/1998 ND<3.21888 FALSE
5191999 3.3673 FALSE
101191998 3.71357 FALSE
4/18/2000 3.13549 FALSE
10/24/2000 5.52146 TRUE
412612001 85,3471 TRUE
10/15/2001 457471 TRUE
211872002 2.28238 FALSE
82072002 6.19441 TRUE
211972003 3.71357 FALSE
8/26/2003 5.19296 TRUE
212412004 460517 TRUE

MW-4 12/1511997 ND<3.21888  FALSE
1/26/1998 ND<3.21888 FALSE
3/16/1998 ND<321888  FALSE
412011998 ND<321888  FALSE
1072011998 ND<321888  FALSE
5/19/1999 3.73767 FALSE
10/19H1999 4.11087 FALSE
41182000 3.95124 FALSE
1072412000 5.19296 TRUE
4/26/2001 5.01064 TRUE
1011512001 5.1358 TRUE
2/18/2002 5.19296 TRUE
8/20/2002 5.66988 TRUE
2/19/2003 431749 FALSE
8/26/2003 5.29832 TRUE

22412004 4 86753 TRUE

Natural Logarithm Transformation Page 14

Non-Detects Replaced with 1/2 DL



Poisson Tolerance Limit

Parameter: Selenium, total
Original Data (Not Transformed}
Mon-Detects Replaced with Detection Limit

Potsson Count of 16 background Samples = 257
Degrees of Freedom = 516

95% Confidence Values
Chi-Squarad Value (95% Confidence} = 569.953
Lambda (from Zack's formula) = 17.811

Smallest Degrees of Freedom = 52

Upper Tolerance Limit (35%) = 25

99% Confidence Values
Chi-Squared Value (99% Confidence) = 593.661
Lambda {from Zack's formula) = 18.5519
Smallest Degrees of Freedom = 60

Upper Tolerance Limit (99%) = 29

Cheiokee County Subtitle D Landfill

Selenium, total

Date Result
MW-6S 121151997 ND<5
1/26/1998 ND<5
31611998 ND<5
4/20/1998 ND<5
1011911998 ND<5
5/19/1999 ND<20
10/18/1999 54
4/18/2000 ND<20
10/23/2000 ND<20
42612001 ND<20
10/15/2001 ND<20
211812002 ND<20
81202002 ND<20
211972003 ND<20
8/26/2003 ND<5

212412004 ]

Original Data (Not Transformed)

Impacted 95%
FALSE
FALSE
FALSE
FALSE
FALSE
FALSE
TRUE
FALSE
FALSE
FALSE
FALSE
FALSE
FALSE
FALSE
FALSE
FALSE

Page 15

Impacted 99%
FALSE
FALSE
FALSE
FALSE
FALSE
FALSE
TRUE
FALSE
FALSE
FALSE
FALSE
FALSE
FALSE
FALSE
FALSE

FALSE

Non-Detects Replaced with Detection Limnit



Cherokee County Subfitle D Landfili

Shapiro-Wilks Test of Normality
Parameter: Vanadium
Background Wells

Normality Test of Parameter Concentrations
Original Data (Not Transformed)

Non-Detects Replaced with 1/2 DL

K= 8; Samples = 16

i x{i) x(n-i+1) x(n-1+1)-x(ija(n-i+1) by{i)

1 25 110 1075 05056 54 352
2 25 89 86.5 0.329 28.4585
3 25 81 785 0.2521 19.7898
4 15 56 4 0.1939 7.9499
5 21 50 29 0.1447 4.1963
6 23 42 19 0.1005 1.9095
7 26 39 13 0.0593 0.7709
8 32 39 7 0.0196 0.1372
9 39 32 7

10 39 26 13

" 42 23 -19

12 50 21 -29

13 56 15 41

14 8 25 785

15 89 25 - 865

16 110 25 -107.5

Sum of b values = 117.564

Sample Standard Deviation = 31.7197

W Statistic = 0.915798

5% Critical value of 0.887 is less than 0.915798

Data is normally distributed at 95% level of significance
1% Critical value of 0.844 is less than 0.915798

Data is normally distributed at 99% level of significance

Original Data (Not Transfarmed) Page 16

Vanadium

Non-Detects Replaced with 1/2 DL
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Cherokee County Subtitie D Landfill

Parametric Tolerance Interval Analysis

Parameter: Vanadium

Original Data (Not Transformed)
Non-Detects Replaced with 1/2 DL

Background mean = 39.4063

Background standard deviation = 31.7197
One-sided normal tolerance factor at 95% confidence = 1.807
Tolerance factor calculation follows USEPA 19392 Guidance

Upper tolerance limit = 96.7239

Vanadium

MW-4 12151997

Well Date

MW-3 1211511997
1/26/1998
3161998
412011998
10/20/1998
5/1911999
10/19/1999
4/18/2000
1072412000
472612001
1011572001
2/18/2002
8/20/2002
2/19/2003
8/26/2003
2/24/2004

172611998
3M16/1998
4/20/1998
10/20/1998
5M9/1992
10/19/1999
411812000
10/24/2000
42612001
104152001
218/2002
8/20/2002
21972003
8/2612003
212412004

Qriginal Data (Not Transformed)

ND<10

100

Result
ND<10
7
ND<25
ND<25
ND<2.5
19

30

19
250
190

91
ND<25
480

28
160
100

ND<2.5
ND<25
ND<25
5

23

36

31

120

95

130
110
190

58

140

Impacted
FALSE
FALSE
FALSE
FALSE
FALSE
FALSE
FALSE
FALSE
TRUE
TRUE
FALSE
FALSE
TRUE
FALSE
TRUE
TRUE

FALSE

FALSE
FALSE
FALSE
FALSE
FALSE
FALSE
FALSE
TRUE
FALSE
TRUE
TRUE
TRUE
FALSE
TRUE

TRUE
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Nor-Detects Replaced with 172 DL



Cherokee County Subtitie D Landfill

Parametric Tolerance Interval Analysis

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

Background mean = 133.75

Background standard deviation = 81 3843
One-sided normal tolerance factor at 95% confidence = 1.807
Tolerance factor calculation follows USEPA 1992 Guidance

Upper tolerance limit = 280.812

Zing, total

Weli Date

MW-3 1211511997
1/26M1998
3/16/1998
4/20/1998
10/201998
5/19/1999
10/19/1999
411812000
10/24/2000
412612001
10M15/2001
2/18/2002
8/20/2002
2M19/2003
8/26/2003
22412004

Mw.-4 12/15M997
1/26/1998
3/16/1998
4/20/1298
102011998
5/19/1999
10/19/1999
4/18/2000
10/24/2000
4/26/2001
101152001
2/18/2002
8/20/2002
2/19/2003
8/26/2003

212472004

Criginal Data (Not Transforrned)

60

Result
70
100
70
70
80
65
110
87
980
780
350
22
2000
240
750
450

50
100
80
70

Impacted
FALSE
FALSE
FALSE
FALSE
FALSE
FALSE
FALSE
FALSE
TRUE
TRUE
TRUE
FALSE
TRUE
FALSE
TRUE
TRUE

FALSE

FALSE
FALSE
FALSE
FALSE
FALSE
FALSE
FALSE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
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Non-Detects Replaced with 1/2 DL



