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A B C D E F G H I J K L
UCL Statistics for Data Sets with Non-Detects

User Selected Options
e/Time of Computation   8/13/2015 2:57:45 PM

General Statistics
Total Number of Observations      10 Number of Distinct Observations      10

 f Bootstrap Operations   2000

Aluminum

From File   ProUCLinput_C-12-002_0-5.xls
Full Precision   OFF

Confidence Coefficient   95%

Coefficient of Variation       0.21 Skewness     -0.106

Maximum  12800 Median   9875
SD   2148 Std. Error of Mean    679.1

Number of Missing Observations       0
Minimum   6790 Mean   9821

Data appear Normal at 5% Significance Level

Assuming Normal Distribution
   95% Normal UCL    95% UCLs (Adjusted for Skewness)

Lilliefors Test Statistic       0.16 Lilliefors GOF Test
5% Lilliefors Critical Value       0.28 Data appear Normal at 5% Significance Level

Normal GOF Test
Shapiro Wilk Test Statistic       0.93 Shapiro Wilk GOF Test

5% Shapiro Wilk Critical Value       0.84 Data appear Normal at 5% Significance Level

5% K-S Critical Value       0.26d data appear Gamma Distributed at 5% Significan
Detected data appear Gamma Distributed at 5% Significance Level

5% A-D Critical Value       0.72d data appear Gamma Distributed at 5% Significan
K-S Test Statistic       0.18 Kolmogrov-Smirnoff Gamma GOF Test

Gamma GOF Test
A-D Test Statistic       0.36 Anderson-Darling Gamma GOF Test

   95% Student's-t UCL  11066    95% Adjusted-CLT UCL (Chen-1995)  10914
   95% Modified-t UCL (Johnson-1978)  11062

MLE Mean (bias corrected)   9821 MLE Sd (bias corrected)   2481
Approximate Chi Square Value (0.05)    273.4

Theta hat (MLE)    440.6 Theta star (bias corrected MLE)    626.7
nu hat (MLE)    445.8 nu star (bias corrected)    313.4

Gamma Statistics
k hat (MLE)      22.29 k star (bias corrected MLE)      15.67

5% Shapiro Wilk Critical Value       0.84 Data appear Lognormal at 5% Significance Level
Lilliefors Test Statistic       0.17 Lilliefors Lognormal GOF Test

Lognormal GOF Test
Shapiro Wilk Test Statistic       0.92 Shapiro Wilk Lognormal GOF Test

Assuming Gamma Distribution
roximate Gamma UCL (use when n>=50))  11258% Adjusted Gamma UCL (use when n<50)  11533

Adjusted Level of Significance      0.026 Adjusted Chi Square Value    266.9

Assuming Lognormal Distribution
   95% H-UCL  11379    90% Chebyshev (MVUE) UCL  11951

Maximum of Logged Data       9.45 SD of logged Data       0.22

Lognormal Statistics
Minimum of Logged Data       8.82 Mean of logged Data       9.17

5% Lilliefors Critical Value       0.28 Data appear Lognormal at 5% Significance Level
Data appear Lognormal at 5% Significance Level
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   95% CLT UCL  10938    95% Jackknife UCL  11066
   95% Standard Bootstrap UCL  10886    95% Bootstrap-t UCL  11057

Nonparametric Distribution Free UCL Statistics
Data appear to follow a Discernible Distribution at 5% Significance Level

Nonparametric Distribution Free UCLs

   95% Chebyshev (MVUE) UCL  12913  97.5% Chebyshev (MVUE) UCL  14248
   99% Chebyshev (MVUE) UCL  16872

Suggested UCL to Use
95% Student's-t UCL  11066

   90% Chebyshev(Mean, Sd) UCL  11858    95% Chebyshev(Mean, Sd) UCL  12781
 97.5% Chebyshev(Mean, Sd) UCL  14062    99% Chebyshev(Mean, Sd) UCL  16578

   95% Hall's Bootstrap UCL  10836    95% Percentile Bootstrap UCL  10902
   95% BCA Bootstrap UCL  10885

Barium

General Statistics
Total Number of Observations      10 Number of Distinct Observations      10

 highly negatively-skewed data, confidence limits (e.g., Chen, Johnson, Lognormal, and Gamma) may 
reliable.  Chen's and Johnson's methods provide adjustments for positvely skewed data sets.

stions regarding the selection of a 95% UCL are provided to help the user to select the most appropri
ommendations are based upon the results of the simulation studies summarized in Singh, Singh, and 

and Singh and Singh (2003). However, simulations results will not cover all Real World data sets
For additional insight the user may want to consult a statistician.

Coefficient of Variation       0.32 Skewness     -0.10

Maximum    275 Median    195.5
SD      61.53 Std. Error of Mean      19.46

Number of Missing Observations       0
Minimum      95.5 Mean    187.8

Data appear Normal at 5% Significance Level

Assuming Normal Distribution
   95% Normal UCL    95% UCLs (Adjusted for Skewness)

Lilliefors Test Statistic       0.16 Lilliefors GOF Test
5% Lilliefors Critical Value       0.28 Data appear Normal at 5% Significance Level

Normal GOF Test
Shapiro Wilk Test Statistic       0.94 Shapiro Wilk GOF Test

5% Shapiro Wilk Critical Value       0.84 Data appear Normal at 5% Significance Level

5% K-S Critical Value       0.26d data appear Gamma Distributed at 5% Significan
Detected data appear Gamma Distributed at 5% Significance Level

5% A-D Critical Value       0.72d data appear Gamma Distributed at 5% Significan
K-S Test Statistic       0.19 Kolmogrov-Smirnoff Gamma GOF Test

Gamma GOF Test
A-D Test Statistic       0.33 Anderson-Darling Gamma GOF Test

   95% Student's-t UCL    223.4    95% Adjusted-CLT UCL (Chen-1995)    219.1
   95% Modified-t UCL (Johnson-1978)    223.3

MLE Mean (bias corrected)    187.8 MLE Sd (bias corrected)      72.59
Approximate Chi Square Value (0.05)    108.1

Theta hat (MLE)      19.84 Theta star (bias corrected MLE)      28.06
nu hat (MLE)    189.3 nu star (bias corrected)    133.8

Gamma Statistics
k hat (MLE)       9.46 k star (bias corrected MLE)       6.69

Adjusted Level of Significance      0.026 Adjusted Chi Square Value    104.1
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5% Shapiro Wilk Critical Value       0.84 Data appear Lognormal at 5% Significance Level
Lilliefors Test Statistic       0.19 Lilliefors Lognormal GOF Test

Lognormal GOF Test
Shapiro Wilk Test Statistic       0.93 Shapiro Wilk Lognormal GOF Test

Assuming Gamma Distribution
roximate Gamma UCL (use when n>=50))    232.4% Adjusted Gamma UCL (use when n<50)    241.4

Assuming Lognormal Distribution
   95% H-UCL    241.3    90% Chebyshev (MVUE) UCL    252.4

Maximum of Logged Data       5.61 SD of logged Data       0.35

Lognormal Statistics
Minimum of Logged Data       4.55 Mean of logged Data       5.18

5% Lilliefors Critical Value       0.28 Data appear Lognormal at 5% Significance Level
Data appear Lognormal at 5% Significance Level

   95% CLT UCL    219.8    95% Jackknife UCL    223.4
   95% Standard Bootstrap UCL    218.9    95% Bootstrap-t UCL    221.8

Nonparametric Distribution Free UCL Statistics
Data appear to follow a Discernible Distribution at 5% Significance Level

Nonparametric Distribution Free UCLs

   95% Chebyshev (MVUE) UCL    281.5  97.5% Chebyshev (MVUE) UCL    321.8
   99% Chebyshev (MVUE) UCL    401.1

Suggested UCL to Use
95% Student's-t UCL    223.4

   90% Chebyshev(Mean, Sd) UCL    246.1    95% Chebyshev(Mean, Sd) UCL    272.6
 97.5% Chebyshev(Mean, Sd) UCL    309.3    99% Chebyshev(Mean, Sd) UCL    381.4

   95% Hall's Bootstrap UCL    216.8    95% Percentile Bootstrap UCL    218.1
   95% BCA Bootstrap UCL    217.2

Calcium

General Statistics
Total Number of Observations      10 Number of Distinct Observations       9

 highly negatively-skewed data, confidence limits (e.g., Chen, Johnson, Lognormal, and Gamma) may 
reliable.  Chen's and Johnson's methods provide adjustments for positvely skewed data sets.

stions regarding the selection of a 95% UCL are provided to help the user to select the most appropri
ommendations are based upon the results of the simulation studies summarized in Singh, Singh, and 

and Singh and Singh (2003). However, simulations results will not cover all Real World data sets
For additional insight the user may want to consult a statistician.

Coefficient of Variation       0.21 Skewness       0.48

Maximum   3360 Median   2345
SD    493.5 Std. Error of Mean    156.1

Number of Missing Observations       0
Minimum   1530 Mean   2345

Data appear Normal at 5% Significance Level

Assuming Normal Distribution
   95% Normal UCL    95% UCLs (Adjusted for Skewness)

Lilliefors Test Statistic       0.17 Lilliefors GOF Test
5% Lilliefors Critical Value       0.28 Data appear Normal at 5% Significance Level

Normal GOF Test
Shapiro Wilk Test Statistic       0.95 Shapiro Wilk GOF Test

5% Shapiro Wilk Critical Value       0.84 Data appear Normal at 5% Significance Level

   95% Student's-t UCL   2631    95% Adjusted-CLT UCL (Chen-1995)   2627
   95% Modified-t UCL (Johnson-1978)   2635
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5% K-S Critical Value       0.26d data appear Gamma Distributed at 5% Significan
Detected data appear Gamma Distributed at 5% Significance Level

5% A-D Critical Value       0.72d data appear Gamma Distributed at 5% Significan
K-S Test Statistic       0.15 Kolmogrov-Smirnoff Gamma GOF Test

Gamma GOF Test
A-D Test Statistic       0.28 Anderson-Darling Gamma GOF Test

MLE Mean (bias corrected)   2345 MLE Sd (bias corrected)    559
Approximate Chi Square Value (0.05)    309.5

Theta hat (MLE)      93.64 Theta star (bias corrected MLE)    133.3
nu hat (MLE)    500.9 nu star (bias corrected)    351.9

Gamma Statistics
k hat (MLE)      25.04 k star (bias corrected MLE)      17.6

5% Shapiro Wilk Critical Value       0.84 Data appear Lognormal at 5% Significance Level
Lilliefors Test Statistic       0.17 Lilliefors Lognormal GOF Test

Lognormal GOF Test
Shapiro Wilk Test Statistic       0.96 Shapiro Wilk Lognormal GOF Test

Assuming Gamma Distribution
roximate Gamma UCL (use when n>=50))   2667 % Adjusted Gamma UCL (use when n<50)   2728

Adjusted Level of Significance      0.026 Adjusted Chi Square Value    302.5

Assuming Lognormal Distribution
   95% H-UCL   2689    90% Chebyshev (MVUE) UCL   2821

Maximum of Logged Data       8.12 SD of logged Data       0.21

Lognormal Statistics
Minimum of Logged Data       7.33 Mean of logged Data       7.74

5% Lilliefors Critical Value       0.28 Data appear Lognormal at 5% Significance Level
Data appear Lognormal at 5% Significance Level

   95% CLT UCL   2602    95% Jackknife UCL   2631
   95% Standard Bootstrap UCL   2589    95% Bootstrap-t UCL   2655

Nonparametric Distribution Free UCL Statistics
Data appear to follow a Discernible Distribution at 5% Significance Level

Nonparametric Distribution Free UCLs

   95% Chebyshev (MVUE) UCL   3037  97.5% Chebyshev (MVUE) UCL   3336
   99% Chebyshev (MVUE) UCL   3923

Suggested UCL to Use
95% Student's-t UCL   2631

   90% Chebyshev(Mean, Sd) UCL   2813    95% Chebyshev(Mean, Sd) UCL   3025
 97.5% Chebyshev(Mean, Sd) UCL   3320    99% Chebyshev(Mean, Sd) UCL   3898

   95% Hall's Bootstrap UCL   2756    95% Percentile Bootstrap UCL   2592
   95% BCA Bootstrap UCL   2610

Total Number of Observations      10 Number of Distinct Observations      10
Number of Missing Observations       0

Chromium

General Statistics

stions regarding the selection of a 95% UCL are provided to help the user to select the most appropri
ommendations are based upon the results of the simulation studies summarized in Singh, Singh, and 

and Singh and Singh (2003). However, simulations results will not cover all Real World data sets
For additional insight the user may want to consult a statistician.

SD       4.22 Std. Error of Mean       1.33

Minimum       8.79 Mean      12.57
Maximum      23 Median      11.7
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Normal GOF Test
Shapiro Wilk Test Statistic       0.79 Shapiro Wilk GOF Test

Coefficient of Variation       0.33 Skewness       1.92

Assuming Normal Distribution
   95% Normal UCL    95% UCLs (Adjusted for Skewness)

   95% Student's-t UCL      15.03    95% Adjusted-CLT UCL (Chen-1995)      15.64

5% Lilliefors Critical Value       0.28 Data appear Normal at 5% Significance Level
Data appear Approximate Normal at 5% Significance Level

5% Shapiro Wilk Critical Value       0.84 Data Not Normal at 5% Significance Level
Lilliefors Test Statistic       0.25 Lilliefors GOF Test

K-S Test Statistic       0.20 Kolmogrov-Smirnoff Gamma GOF Test
5% K-S Critical Value       0.26d data appear Gamma Distributed at 5% Significan

Gamma GOF Test
A-D Test Statistic       0.56 Anderson-Darling Gamma GOF Test

5% A-D Critical Value       0.72d data appear Gamma Distributed at 5% Significan

   95% Modified-t UCL (Johnson-1978)      15.16

MLE Mean (bias corrected)      12.57 MLE Sd (bias corrected)       4.26
Approximate Chi Square Value (0.05)    144.4

Theta hat (MLE)       1.02 Theta star (bias corrected MLE)       1.44
nu hat (MLE)    246.5 nu star (bias corrected)    173.9

Detected data appear Gamma Distributed at 5% Significance Level

Gamma Statistics
k hat (MLE)      12.32 k star (bias corrected MLE)       8.69

5% Shapiro Wilk Critical Value       0.84 Data appear Lognormal at 5% Significance Level
Lilliefors Test Statistic       0.18 Lilliefors Lognormal GOF Test

Lognormal GOF Test
Shapiro Wilk Test Statistic       0.89 Shapiro Wilk Lognormal GOF Test

Assuming Gamma Distribution
roximate Gamma UCL (use when n>=50))      15.14% Adjusted Gamma UCL (use when n<50)      15.65

Adjusted Level of Significance      0.026 Adjusted Chi Square Value    139.7

Assuming Lognormal Distribution
   95% H-UCL      15.18    90% Chebyshev (MVUE) UCL      15.96

Maximum of Logged Data       3.13 SD of logged Data       0.28

Lognormal Statistics
Minimum of Logged Data       2.17 Mean of logged Data       2.49

5% Lilliefors Critical Value       0.28 Data appear Lognormal at 5% Significance Level
Data appear Lognormal at 5% Significance Level

   95% CLT UCL      14.77    95% Jackknife UCL      15.03
   95% Standard Bootstrap UCL      14.64    95% Bootstrap-t UCL      17.64

Nonparametric Distribution Free UCL Statistics
Data appear to follow a Discernible Distribution at 5% Significance Level

Nonparametric Distribution Free UCLs

   95% Chebyshev (MVUE) UCL      17.52  97.5% Chebyshev (MVUE) UCL      19.69
   99% Chebyshev (MVUE) UCL      23.93

Suggested UCL to Use
95% Student's-t UCL      15.03

   90% Chebyshev(Mean, Sd) UCL      16.59    95% Chebyshev(Mean, Sd) UCL      18.4
 97.5% Chebyshev(Mean, Sd) UCL      20.92    99% Chebyshev(Mean, Sd) UCL      25.88

   95% Hall's Bootstrap UCL      26.23    95% Percentile Bootstrap UCL      14.88
   95% BCA Bootstrap UCL      15.56

stions regarding the selection of a 95% UCL are provided to help the user to select the most appropri
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Total Number of Observations      10 Number of Distinct Observations      10
Number of Missing Observations       0

Cobalt

General Statistics

ommendations are based upon the results of the simulation studies summarized in Singh, Singh, and 
and Singh and Singh (2003). However, simulations results will not cover all Real World data sets

For additional insight the user may want to consult a statistician.

Normal GOF Test
Shapiro Wilk Test Statistic       0.63 Shapiro Wilk GOF Test

SD       2.13 Std. Error of Mean       0.67
Coefficient of Variation       0.34 Skewness       2.72

Minimum       4.66 Mean       6.24
Maximum      12.1 Median       5.65

Assuming Normal Distribution
   95% Normal UCL    95% UCLs (Adjusted for Skewness)

   95% Student's-t UCL       7.48    95% Adjusted-CLT UCL (Chen-1995)       7.98

5% Lilliefors Critical Value       0.28 Data Not Normal at 5% Significance Level
Data Not Normal at 5% Significance Level

5% Shapiro Wilk Critical Value       0.84 Data Not Normal at 5% Significance Level
Lilliefors Test Statistic       0.32 Lilliefors GOF Test

K-S Test Statistic       0.27 Kolmogrov-Smirnoff Gamma GOF Test
5% K-S Critical Value       0.26ata Not Gamma Distributed at 5% Significance Lev

Gamma GOF Test
A-D Test Statistic       1.17 Anderson-Darling Gamma GOF Test

5% A-D Critical Value       0.72ata Not Gamma Distributed at 5% Significance Lev

   95% Modified-t UCL (Johnson-1978)       7.58

MLE Mean (bias corrected)       6.24 MLE Sd (bias corrected)       2.03
Approximate Chi Square Value (0.05)    158.1

Theta hat (MLE)       0.46 Theta star (bias corrected MLE)       0.66
nu hat (MLE)    267.9 nu star (bias corrected)    188.9

Data Not Gamma Distributed at 5% Significance Level

Gamma Statistics
k hat (MLE)      13.39 k star (bias corrected MLE)       9.44

5% Shapiro Wilk Critical Value       0.84 Data Not Lognormal at 5% Significance Level
Lilliefors Test Statistic       0.25 Lilliefors Lognormal GOF Test

Lognormal GOF Test
Shapiro Wilk Test Statistic       0.74 Shapiro Wilk Lognormal GOF Test

Assuming Gamma Distribution
roximate Gamma UCL (use when n>=50))       7.46% Adjusted Gamma UCL (use when n<50)       7.70

Adjusted Level of Significance      0.026 Adjusted Chi Square Value    153.2

Assuming Lognormal Distribution
   95% H-UCL       7.41    90% Chebyshev (MVUE) UCL       7.79

Maximum of Logged Data       2.49 SD of logged Data       0.26

Lognormal Statistics
Minimum of Logged Data       1.53 Mean of logged Data       1.79

5% Lilliefors Critical Value       0.28 Data appear Lognormal at 5% Significance Level
Data appear Approximate Lognormal at 5% Significance Level

Nonparametric Distribution Free UCL Statistics
Data appear to follow a Discernible Distribution at 5% Significance Level

   95% Chebyshev (MVUE) UCL       8.51  97.5% Chebyshev (MVUE) UCL       9.50
   99% Chebyshev (MVUE) UCL      11.46
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   95% CLT UCL       7.36    95% Jackknife UCL       7.48
   95% Standard Bootstrap UCL       7.3    95% Bootstrap-t UCL       9.82

Nonparametric Distribution Free UCLs

Suggested UCL to Use
95% Student's-t UCL       7.48 or 95% Modified-t UCL       7.58

   90% Chebyshev(Mean, Sd) UCL       8.27    95% Chebyshev(Mean, Sd) UCL       9.19
 97.5% Chebyshev(Mean, Sd) UCL      10.47    99% Chebyshev(Mean, Sd) UCL      12.98

   95% Hall's Bootstrap UCL      11.99    95% Percentile Bootstrap UCL       7.51
   95% BCA Bootstrap UCL       8.14

Total Number of Observations      10 Number of Distinct Observations      10
Number of Missing Observations       0

Copper

General Statistics

stions regarding the selection of a 95% UCL are provided to help the user to select the most appropri
ommendations are based upon the results of the simulation studies summarized in Singh, Singh, and 

and Singh and Singh (2003). However, simulations results will not cover all Real World data sets
For additional insight the user may want to consult a statistician.

Normal GOF Test
Shapiro Wilk Test Statistic       0.95 Shapiro Wilk GOF Test

SD       1.04 Std. Error of Mean       0.32
Coefficient of Variation       0.14 Skewness     -0.523

Minimum       5.04 Mean       7.04
Maximum       8.7 Median       7.21

Assuming Normal Distribution
   95% Normal UCL    95% UCLs (Adjusted for Skewness)

   95% Student's-t UCL       7.65    95% Adjusted-CLT UCL (Chen-1995)       7.53

5% Lilliefors Critical Value       0.28 Data appear Normal at 5% Significance Level
Data appear Normal at 5% Significance Level

5% Shapiro Wilk Critical Value       0.84 Data appear Normal at 5% Significance Level
Lilliefors Test Statistic       0.22 Lilliefors GOF Test

K-S Test Statistic       0.24 Kolmogrov-Smirnoff Gamma GOF Test
5% K-S Critical Value       0.26d data appear Gamma Distributed at 5% Significan

Gamma GOF Test
A-D Test Statistic       0.37 Anderson-Darling Gamma GOF Test

5% A-D Critical Value       0.72d data appear Gamma Distributed at 5% Significan

   95% Modified-t UCL (Johnson-1978)       7.64

MLE Mean (bias corrected)       7.04 MLE Sd (bias corrected)       1.21
Approximate Chi Square Value (0.05)    609.3

Theta hat (MLE)       0.14 Theta star (bias corrected MLE)       0.21
nu hat (MLE)    952.8 nu star (bias corrected)    668.3

Detected data appear Gamma Distributed at 5% Significance Level

Gamma Statistics
k hat (MLE)      47.64 k star (bias corrected MLE)      33.42

5% Shapiro Wilk Critical Value       0.84 Data appear Lognormal at 5% Significance Level
Lilliefors Test Statistic       0.24 Lilliefors Lognormal GOF Test

Lognormal GOF Test
Shapiro Wilk Test Statistic       0.93 Shapiro Wilk Lognormal GOF Test

Assuming Gamma Distribution
roximate Gamma UCL (use when n>=50))       7.73% Adjusted Gamma UCL (use when n<50)       7.85

Adjusted Level of Significance      0.026 Adjusted Chi Square Value    599.5

5% Lilliefors Critical Value       0.28 Data appear Lognormal at 5% Significance Level
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Assuming Lognormal Distribution
   95% H-UCL       7.77    90% Chebyshev (MVUE) UCL       8.09

Maximum of Logged Data       2.16 SD of logged Data       0.15

Lognormal Statistics
Minimum of Logged Data       1.61 Mean of logged Data       1.94

Data appear Lognormal at 5% Significance Level

   95% CLT UCL       7.59    95% Jackknife UCL       7.65
   95% Standard Bootstrap UCL       7.57    95% Bootstrap-t UCL       7.56

Nonparametric Distribution Free UCL Statistics
Data appear to follow a Discernible Distribution at 5% Significance Level

Nonparametric Distribution Free UCLs

   95% Chebyshev (MVUE) UCL       8.57  97.5% Chebyshev (MVUE) UCL       9.22
   99% Chebyshev (MVUE) UCL      10.52

Suggested UCL to Use
95% Student's-t UCL       7.65

   90% Chebyshev(Mean, Sd) UCL       8.03    95% Chebyshev(Mean, Sd) UCL       8.48
 97.5% Chebyshev(Mean, Sd) UCL       9.10    99% Chebyshev(Mean, Sd) UCL      10.33

   95% Hall's Bootstrap UCL       7.56    95% Percentile Bootstrap UCL       7.57
   95% BCA Bootstrap UCL       7.51

Magnesium

General Statistics
Total Number of Observations      10 Number of Distinct Observations       9

 highly negatively-skewed data, confidence limits (e.g., Chen, Johnson, Lognormal, and Gamma) may 
reliable.  Chen's and Johnson's methods provide adjustments for positvely skewed data sets.

stions regarding the selection of a 95% UCL are provided to help the user to select the most appropri
ommendations are based upon the results of the simulation studies summarized in Singh, Singh, and 

and Singh and Singh (2003). However, simulations results will not cover all Real World data sets
For additional insight the user may want to consult a statistician.

Coefficient of Variation       0.20 Skewness       0.62

Maximum   2660 Median   1790
SD    406.6 Std. Error of Mean    128.6

Number of Missing Observations       0
Minimum   1380 Mean   1943

Data appear Normal at 5% Significance Level

Assuming Normal Distribution
   95% Normal UCL    95% UCLs (Adjusted for Skewness)

Lilliefors Test Statistic       0.22 Lilliefors GOF Test
5% Lilliefors Critical Value       0.28 Data appear Normal at 5% Significance Level

Normal GOF Test
Shapiro Wilk Test Statistic       0.92 Shapiro Wilk GOF Test

5% Shapiro Wilk Critical Value       0.84 Data appear Normal at 5% Significance Level

5% A-D Critical Value       0.72d data appear Gamma Distributed at 5% Significan
K-S Test Statistic       0.21 Kolmogrov-Smirnoff Gamma GOF Test

Gamma GOF Test
A-D Test Statistic       0.37 Anderson-Darling Gamma GOF Test

   95% Student's-t UCL   2179    95% Adjusted-CLT UCL (Chen-1995)   2182
   95% Modified-t UCL (Johnson-1978)   2183

5% K-S Critical Value       0.26d data appear Gamma Distributed at 5% Significan
Detected data appear Gamma Distributed at 5% Significance Level
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Theta hat (MLE)      73.65 Theta star (bias corrected MLE)    104.8
nu hat (MLE)    527.6 nu star (bias corrected)    370.7

Gamma Statistics
k hat (MLE)      26.38 k star (bias corrected MLE)      18.53

Assuming Gamma Distribution
roximate Gamma UCL (use when n>=50))   2202 % Adjusted Gamma UCL (use when n<50)   2251

Adjusted Level of Significance      0.026 Adjusted Chi Square Value    319.9

MLE Mean (bias corrected)   1943 MLE Sd (bias corrected)    451.3
Approximate Chi Square Value (0.05)    327

Lognormal Statistics
Minimum of Logged Data       7.23 Mean of logged Data       7.55

5% Lilliefors Critical Value       0.28 Data appear Lognormal at 5% Significance Level
Data appear Lognormal at 5% Significance Level

5% Shapiro Wilk Critical Value       0.84 Data appear Lognormal at 5% Significance Level
Lilliefors Test Statistic       0.2 Lilliefors Lognormal GOF Test

Lognormal GOF Test
Shapiro Wilk Test Statistic       0.95 Shapiro Wilk Lognormal GOF Test

   95% Chebyshev (MVUE) UCL   2492  97.5% Chebyshev (MVUE) UCL   2729
   99% Chebyshev (MVUE) UCL   3196

Assuming Lognormal Distribution
   95% H-UCL   2213    90% Chebyshev (MVUE) UCL   2321

Maximum of Logged Data       7.88 SD of logged Data       0.20

   95% Hall's Bootstrap UCL   2171    95% Percentile Bootstrap UCL   2158
   95% BCA Bootstrap UCL   2167

   95% CLT UCL   2154    95% Jackknife UCL   2179
   95% Standard Bootstrap UCL   2147    95% Bootstrap-t UCL   2214

Nonparametric Distribution Free UCL Statistics
Data appear to follow a Discernible Distribution at 5% Significance Level

Nonparametric Distribution Free UCLs

stions regarding the selection of a 95% UCL are provided to help the user to select the most appropri
ommendations are based upon the results of the simulation studies summarized in Singh, Singh, and 

and Singh and Singh (2003). However, simulations results will not cover all Real World data sets
For additional insight the user may want to consult a statistician.

Suggested UCL to Use
95% Student's-t UCL   2179

   90% Chebyshev(Mean, Sd) UCL   2329    95% Chebyshev(Mean, Sd) UCL   2503
 97.5% Chebyshev(Mean, Sd) UCL   2746    99% Chebyshev(Mean, Sd) UCL   3222

Minimum    197 Mean    362
Maximum   1070 Median    295.5

Total Number of Observations      10 Number of Distinct Observations      10
Number of Missing Observations       0

Manganese

General Statistics

5% Lilliefors Critical Value       0.28 Data Not Normal at 5% Significance Level
Data Not Normal at 5% Significance Level

5% Shapiro Wilk Critical Value       0.84 Data Not Normal at 5% Significance Level
Lilliefors Test Statistic       0.41 Lilliefors GOF Test

Normal GOF Test
Shapiro Wilk Test Statistic       0.53 Shapiro Wilk GOF Test

SD    252.4 Std. Error of Mean      79.81
Coefficient of Variation       0.69 Skewness       2.99
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Gamma GOF Test
A-D Test Statistic       1.6 Anderson-Darling Gamma GOF Test

5% A-D Critical Value       0.72ata Not Gamma Distributed at 5% Significance Lev

   95% Modified-t UCL (Johnson-1978)    520.9

Assuming Normal Distribution
   95% Normal UCL    95% UCLs (Adjusted for Skewness)

   95% Student's-t UCL    508.3    95% Adjusted-CLT UCL (Chen-1995)    574

Theta hat (MLE)      85.81 Theta star (bias corrected MLE)    119.9
nu hat (MLE)      84.37 nu star (bias corrected)      60.39

Data Not Gamma Distributed at 5% Significance Level

Gamma Statistics
k hat (MLE)       4.21 k star (bias corrected MLE)       3.02

K-S Test Statistic       0.35 Kolmogrov-Smirnoff Gamma GOF Test
5% K-S Critical Value       0.26ata Not Gamma Distributed at 5% Significance Lev

Assuming Gamma Distribution
roximate Gamma UCL (use when n>=50))    502.3% Adjusted Gamma UCL (use when n<50)    532.7

Adjusted Level of Significance      0.026 Adjusted Chi Square Value      41.04

MLE Mean (bias corrected)    362 MLE Sd (bias corrected)    208.3
Approximate Chi Square Value (0.05)      43.52

Lognormal Statistics
Minimum of Logged Data       5.28 Mean of logged Data       5.76

5% Lilliefors Critical Value       0.28 Data Not Lognormal at 5% Significance Level
Data Not Lognormal at 5% Significance Level

5% Shapiro Wilk Critical Value       0.84 Data Not Lognormal at 5% Significance Level
Lilliefors Test Statistic       0.31 Lilliefors Lognormal GOF Test

Lognormal GOF Test
Shapiro Wilk Test Statistic       0.70 Shapiro Wilk Lognormal GOF Test

   95% Chebyshev (MVUE) UCL    573.3  97.5% Chebyshev (MVUE) UCL    669.6
   99% Chebyshev (MVUE) UCL    858.7

Assuming Lognormal Distribution
   95% H-UCL    491.3    90% Chebyshev (MVUE) UCL    503.9

Maximum of Logged Data       6.97 SD of logged Data       0.45

   95% Hall's Bootstrap UCL   1198    95% Percentile Bootstrap UCL    516.7
   95% BCA Bootstrap UCL    539.1

   95% CLT UCL    493.3    95% Jackknife UCL    508.3
   95% Standard Bootstrap UCL    488.6    95% Bootstrap-t UCL    998.1

Nonparametric Distribution Free UCL Statistics
Data do not follow a Discernible Distribution (0.05)

Nonparametric Distribution Free UCLs

stions regarding the selection of a 95% UCL are provided to help the user to select the most appropri
ommendations are based upon the results of the simulation studies summarized in Singh, Singh, and 

and Singh and Singh (2003). However, simulations results will not cover all Real World data sets
For additional insight the user may want to consult a statistician.

Suggested UCL to Use
95% Student's-t UCL    508.3 or 95% Modified-t UCL    520.9

   90% Chebyshev(Mean, Sd) UCL    601.4    95% Chebyshev(Mean, Sd) UCL    709.9
 97.5% Chebyshev(Mean, Sd) UCL    860.4    99% Chebyshev(Mean, Sd) UCL   1156

Nickel

General Statistics
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Minimum       5.73 Mean       7.03
Maximum      10.2 Median       6.54

Total Number of Observations      10 Number of Distinct Observations      10
Number of Missing Observations       0

5% Lilliefors Critical Value       0.28 Data appear Normal at 5% Significance Level
Data appear Approximate Normal at 5% Significance Level

5% Shapiro Wilk Critical Value       0.84 Data Not Normal at 5% Significance Level
Lilliefors Test Statistic       0.22 Lilliefors GOF Test

Normal GOF Test
Shapiro Wilk Test Statistic       0.83 Shapiro Wilk GOF Test

SD       1.32 Std. Error of Mean       0.41
Coefficient of Variation       0.18 Skewness       1.66

Gamma GOF Test
A-D Test Statistic       0.54 Anderson-Darling Gamma GOF Test

5% A-D Critical Value       0.72d data appear Gamma Distributed at 5% Significan

   95% Modified-t UCL (Johnson-1978)       7.84

Assuming Normal Distribution
   95% Normal UCL    95% UCLs (Adjusted for Skewness)

   95% Student's-t UCL       7.80    95% Adjusted-CLT UCL (Chen-1995)       7.96

Theta hat (MLE)       0.19 Theta star (bias corrected MLE)       0.28
nu hat (MLE)    713.3 nu star (bias corrected)    500.6

Detected data appear Gamma Distributed at 5% Significance Level

Gamma Statistics
k hat (MLE)      35.66 k star (bias corrected MLE)      25.03

K-S Test Statistic       0.22 Kolmogrov-Smirnoff Gamma GOF Test
5% K-S Critical Value       0.26d data appear Gamma Distributed at 5% Significan

Assuming Gamma Distribution
roximate Gamma UCL (use when n>=50))       7.83% Adjusted Gamma UCL (use when n<50)       7.98

Adjusted Level of Significance      0.026 Adjusted Chi Square Value    441.3

MLE Mean (bias corrected)       7.03 MLE Sd (bias corrected)       1.40
Approximate Chi Square Value (0.05)    449.7

Lognormal Statistics
Minimum of Logged Data       1.74 Mean of logged Data       1.93

5% Lilliefors Critical Value       0.28 Data appear Lognormal at 5% Significance Level
Data appear Lognormal at 5% Significance Level

5% Shapiro Wilk Critical Value       0.84 Data appear Lognormal at 5% Significance Level
Lilliefors Test Statistic       0.21 Lilliefors Lognormal GOF Test

Lognormal GOF Test
Shapiro Wilk Test Statistic       0.88 Shapiro Wilk Lognormal GOF Test

   95% Chebyshev (MVUE) UCL       8.69  97.5% Chebyshev (MVUE) UCL       9.42
   99% Chebyshev (MVUE) UCL      10.84

Assuming Lognormal Distribution
   95% H-UCL       7.83    90% Chebyshev (MVUE) UCL       8.17

Maximum of Logged Data       2.32 SD of logged Data       0.17

   95% Hall's Bootstrap UCL       9.99    95% Percentile Bootstrap UCL       7.73
   95% BCA Bootstrap UCL       7.90

   95% CLT UCL       7.72    95% Jackknife UCL       7.80
   95% Standard Bootstrap UCL       7.66    95% Bootstrap-t UCL       8.28

Nonparametric Distribution Free UCL Statistics
Data appear to follow a Discernible Distribution at 5% Significance Level

Nonparametric Distribution Free UCLs

   90% Chebyshev(Mean, Sd) UCL       8.29    95% Chebyshev(Mean, Sd) UCL       8.86
 97.5% Chebyshev(Mean, Sd) UCL       9.65    99% Chebyshev(Mean, Sd) UCL      11.2
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stions regarding the selection of a 95% UCL are provided to help the user to select the most appropri
ommendations are based upon the results of the simulation studies summarized in Singh, Singh, and 

and Singh and Singh (2003). However, simulations results will not cover all Real World data sets
For additional insight the user may want to consult a statistician.

Suggested UCL to Use
95% Student's-t UCL       7.80

Minimum       0.70 Mean       1.31
Maximum       3.13 Median       0.97

Total Number of Observations      10 Number of Distinct Observations      10
Number of Missing Observations       0

Uranium

General Statistics

5% Lilliefors Critical Value       0.28 Data appear Normal at 5% Significance Level
Data appear Approximate Normal at 5% Significance Level

5% Shapiro Wilk Critical Value       0.84 Data Not Normal at 5% Significance Level
Lilliefors Test Statistic       0.27 Lilliefors GOF Test

Normal GOF Test
Shapiro Wilk Test Statistic       0.73 Shapiro Wilk GOF Test

SD       0.84 Std. Error of Mean       0.26
Coefficient of Variation       0.64 Skewness       1.62

Gamma GOF Test
A-D Test Statistic       0.90 Anderson-Darling Gamma GOF Test

5% A-D Critical Value       0.73ata Not Gamma Distributed at 5% Significance Lev

   95% Modified-t UCL (Johnson-1978)       1.82

Assuming Normal Distribution
   95% Normal UCL    95% UCLs (Adjusted for Skewness)

   95% Student's-t UCL       1.80    95% Adjusted-CLT UCL (Chen-1995)       1.9

Theta hat (MLE)       0.36 Theta star (bias corrected MLE)       0.50
nu hat (MLE)      73.12 nu star (bias corrected)      52.52

Detected data follow Appr. Gamma Distribution at 5% Significance Level

Gamma Statistics
k hat (MLE)       3.65 k star (bias corrected MLE)       2.62

K-S Test Statistic       0.24 Kolmogrov-Smirnoff Gamma GOF Test
5% K-S Critical Value       0.26d data appear Gamma Distributed at 5% Significan

Assuming Gamma Distribution
roximate Gamma UCL (use when n>=50))       1.87% Adjusted Gamma UCL (use when n<50)       1.99

Adjusted Level of Significance      0.026 Adjusted Chi Square Value      34.6

MLE Mean (bias corrected)       1.31 MLE Sd (bias corrected)       0.81
Approximate Chi Square Value (0.05)      36.87

Lognormal Statistics
Minimum of Logged Data     -0.354 Mean of logged Data       0.13

5% Lilliefors Critical Value       0.28 Data appear Lognormal at 5% Significance Level
Data appear Approximate Lognormal at 5% Significance Level

5% Shapiro Wilk Critical Value       0.84 Data Not Lognormal at 5% Significance Level
Lilliefors Test Statistic       0.23 Lilliefors Lognormal GOF Test

Lognormal GOF Test
Shapiro Wilk Test Statistic       0.83 Shapiro Wilk Lognormal GOF Test

Assuming Lognormal Distribution
   95% H-UCL       1.95    90% Chebyshev (MVUE) UCL       1.95

Maximum of Logged Data       1.14 SD of logged Data       0.52
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   95% Chebyshev (MVUE) UCL       2.24  97.5% Chebyshev (MVUE) UCL       2.66
   99% Chebyshev (MVUE) UCL       3.47

   95% Hall's Bootstrap UCL       4.30    95% Percentile Bootstrap UCL       1.78
   95% BCA Bootstrap UCL       1.87

   95% CLT UCL       1.75    95% Jackknife UCL       1.80
   95% Standard Bootstrap UCL       1.73    95% Bootstrap-t UCL       2.66

Nonparametric Distribution Free UCL Statistics
Data appear to follow a Discernible Distribution at 5% Significance Level

Nonparametric Distribution Free UCLs

stions regarding the selection of a 95% UCL are provided to help the user to select the most appropri
ommendations are based upon the results of the simulation studies summarized in Singh, Singh, and 

and Singh and Singh (2003). However, simulations results will not cover all Real World data sets
For additional insight the user may want to consult a statistician.

Suggested UCL to Use
95% Student's-t UCL       1.80

   90% Chebyshev(Mean, Sd) UCL       2.11    95% Chebyshev(Mean, Sd) UCL       2.47
 97.5% Chebyshev(Mean, Sd) UCL       2.98    99% Chebyshev(Mean, Sd) UCL       3.96

Minimum      18.8 Mean      25.99
Maximum      30.8 Median      26.2

Total Number of Observations      10 Number of Distinct Observations       9
Number of Missing Observations       0

Vanadium

General Statistics

5% Lilliefors Critical Value       0.28 Data appear Normal at 5% Significance Level
Data appear Normal at 5% Significance Level

5% Shapiro Wilk Critical Value       0.84 Data appear Normal at 5% Significance Level
Lilliefors Test Statistic       0.14 Lilliefors GOF Test

Normal GOF Test
Shapiro Wilk Test Statistic       0.95 Shapiro Wilk GOF Test

SD       3.82 Std. Error of Mean       1.20
Coefficient of Variation       0.14 Skewness     -0.633

Gamma GOF Test
A-D Test Statistic       0.28 Anderson-Darling Gamma GOF Test

5% A-D Critical Value       0.72d data appear Gamma Distributed at 5% Significan

   95% Modified-t UCL (Johnson-1978)      28.16

Assuming Normal Distribution
   95% Normal UCL    95% UCLs (Adjusted for Skewness)

   95% Student's-t UCL      28.21    95% Adjusted-CLT UCL (Chen-1995)      27.72

Theta hat (MLE)       0.54 Theta star (bias corrected MLE)       0.77
nu hat (MLE)    958.4 nu star (bias corrected)    672.2

Detected data appear Gamma Distributed at 5% Significance Level

Gamma Statistics
k hat (MLE)      47.92 k star (bias corrected MLE)      33.61

K-S Test Statistic       0.16 Kolmogrov-Smirnoff Gamma GOF Test
5% K-S Critical Value       0.26d data appear Gamma Distributed at 5% Significan

Assuming Gamma Distribution
roximate Gamma UCL (use when n>=50))      28.5% Adjusted Gamma UCL (use when n<50)      28.96

Adjusted Level of Significance      0.026 Adjusted Chi Square Value    603.2

MLE Mean (bias corrected)      25.99 MLE Sd (bias corrected)       4.48
Approximate Chi Square Value (0.05)    613.1
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Lognormal Statistics
Minimum of Logged Data       2.93 Mean of logged Data       3.24

5% Lilliefors Critical Value       0.28 Data appear Lognormal at 5% Significance Level
Data appear Lognormal at 5% Significance Level

5% Shapiro Wilk Critical Value       0.84 Data appear Lognormal at 5% Significance Level
Lilliefors Test Statistic       0.17 Lilliefors Lognormal GOF Test

Lognormal GOF Test
Shapiro Wilk Test Statistic       0.93 Shapiro Wilk Lognormal GOF Test

   95% Chebyshev (MVUE) UCL      31.59  97.5% Chebyshev (MVUE) UCL      34
   99% Chebyshev (MVUE) UCL      38.75

Assuming Lognormal Distribution
   95% H-UCL      28.64    90% Chebyshev (MVUE) UCL      29.84

Maximum of Logged Data       3.42 SD of logged Data       0.15

   95% Hall's Bootstrap UCL      27.7    95% Percentile Bootstrap UCL      27.86
   95% BCA Bootstrap UCL      27.67

   95% CLT UCL      27.98    95% Jackknife UCL      28.21
   95% Standard Bootstrap UCL      27.86    95% Bootstrap-t UCL      27.95

Nonparametric Distribution Free UCL Statistics
Data appear to follow a Discernible Distribution at 5% Significance Level

Nonparametric Distribution Free UCLs

 highly negatively-skewed data, confidence limits (e.g., Chen, Johnson, Lognormal, and Gamma) may 
reliable.  Chen's and Johnson's methods provide adjustments for positvely skewed data sets.

stions regarding the selection of a 95% UCL are provided to help the user to select the most appropri
ommendations are based upon the results of the simulation studies summarized in Singh, Singh, and 

and Singh and Singh (2003). However, simulations results will not cover all Real World data sets
For additional insight the user may want to consult a statistician.

Suggested UCL to Use
95% Student's-t UCL      28.21

   90% Chebyshev(Mean, Sd) UCL      29.62    95% Chebyshev(Mean, Sd) UCL      31.26
 97.5% Chebyshev(Mean, Sd) UCL      33.54    99% Chebyshev(Mean, Sd) UCL      38.01


